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INTRODUCTICN

Iindis occuples the second place in world banana
procucticn with an ares of 281.6 thousand hectcres
producing énnually 4607.7 thousend tons of fruits. Kerala
has 52.8 thousand hectares under banane cultivation with
an annual producticn of 328.8 thoussnd tons of frults.

The productivity of banana in ¥Xersla is very low compered
to our noiqhbbuéing state, Tamil Nadu, which produces
911.6 thousand tons of frults ﬁ:om an ared of 32.6 thousand
hectores. Duriﬁé the last ten ysars the area under banena
has not undergone considersble increase orhﬁecreasea But
the productivity has shown a considerable decrease from

J2.24 tons in 1977-78 o 6,22 tons in 1987-88.

Unlike other countries, banana cultivation in
India, perticulerly in Kerala is polyclonal, with s nurbor
" of varieties under cultivation. The important cultivars are,
'Nen«ﬁ_ran', ‘rPelayankodan' and 'Raeskhall’. Hendran brings a.
premium prica to the farmer and there is a parscnal 1ikiné'
for Hendyen 1In ouxr otete. The systams of banane cultivation
are also diverse ranging from ralsing of anmualiy plantad

crops to semi perennial rainfed plakations. HNendran is

alwsys cultivated as an igrigated crop while cther cultivars



are mostly reiged ss reinfed crops. Baenana is oftaen
gultivaéeﬂ as @ interczop in coconut gasdena and there

i elzo & systen of growing drops ilike ginger, yam,
turmeric, colocasis and othexy veqetabloa.in a banane basod
farming system. In each homestesd in Kersle, & number of
cultivers are under senmi<perennisl rpainfed cultivation to

meet tha househeld needs.

The moin constraints in banana production are
poor yielding cultivars an? disesszes like lesf spot end
bunchy top and peste like rhizome waevil. The yield of
Kendrsan is oniy 30 to 12 ¥/ha. It is impossible to bring
sufficlient ereza under ecsvondisgh grouns in Kerazla which
yvields 50 to 58 ¥/ha beceuse of the personel liking towerds
Nendren. There is 2 need to improve the productivity of
‘Hendran', 'Palayenkcden® end other cultlvers, while

restricting the cultivaticn to a few sslected cultivars.

Eﬁploring the possibility of improving the
cultivare thrcugh hybridizaticn, ssems to be a desizeble
gpproache In beansnes, the posgibility to bring the .
desiroble qualities which are diversified in many varieties
in @ single veriety ism confronted with meny cobstodles

8s edible bananas azre vegstetively parthenocarpic and



effectively secd-sterile. The breeders only hope 1is to
axplolit the partisl femele fertillity met with in the

horticultural varieties.

Breeding of banans was started in Trinided in
ninctean’twenties. In the early steges, wild banana
were uced as pollen perents. The results of the hybridi-
gation programme started pecently in Tamil Hedu
Agricultural University and in the Department of Paeology
and Floriculture, College of Horticulture, Kerals Agricul-
turel University with the mein emphasis on the use of
cultivars as femeale and male parents pointed to & shift
in strategy that is nceded in further breeding programmes.
Studies An the Depertment Of Pemology and Floriculture,
College of Horticultpze shoved that clones belonging to
different Qanomic groups could be used as femalo and male
perants. Also, intezclonal hybridisation in banans has
proved Lts usefulhess through the production of qeadléns
hybrids in the F1 generation, Seedlessness in banena, to
some extant is rolated with ploidy lavel of the cultivers.
Cytologiﬁal enalysis of the hybrids are useful in studying
the ploidy level and morphologleal cheracters of the hybrids

and to design further hybridisation progreommes.




Theough the important banena varietiea of
Kerales like Palayankodsn and Nendgen have been found to
set seeds in the expsriments conducted in the Departrent
of Fomology and Floriculture, on artificial pollinatiocn
{Karmacharys, 196845 Krishnakumar, 1987), the percentage
of germination of seeds in the ficeld i3 very ibw.
Usuelly benana seeds possess &2 haxd testa. Eventhough
attempts have been mads to soften the testa and to get
eesy germinaticn, none of the methods could raise the
germination percentege {(Krishnakumar, 19587). Studies have
slso shown that as the excised embryo dces not exhibit any
doraancy, the f&cto:s affecting gernination reside not
in the embryo, but in any other part of the seed (Stotzky
et sl., 15622}, This knowledge led the workers to resort
4 nev technique-asclaion of embrycs and their culture in
an aseptic medium. Though some results have been obtained
in early studies it was in 1560 thsat Cox at 8l. dJdevaloped
ean in vitro technique for germinating Muss balbisiona secds.
Fowe and Richardson (1975) used this technique to germinate
hybrid se=ds of banana =2nd they coﬁld get S0 per cent
germination of hybrid seeds. These results revealed that
this in witro technique cen be used with increased success
for the recovery of meximum punber of hybrid seedlings in |

banena breeding programres.



The present studies gr2 in continuvaticon of the
pravious works on hyoridiszation of banans in the

Dapartment of Pomology and Floriculture, College of Horti-
culture and aims at '

1) Cytomozphological avaluation of hybrids evolved in

the Department of Fomology apd Floriculture,

2) Stonderdisation of embryo culture tachnique for the

hybrid secds of benana.
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REVIEW OF LITERATURE

’ In the improvemesnt of banana through hybridisaticn,
one limitaticn is the numerous pollinations thet must be
made onto scme of the female parants in order to produce
edeguate quantities of seeds. Seadling production is
further complicsted by a cherscteristic 10 - 20 per cent
germinetion rote. 7This erratic and generelly low germination
levels of peads from banana hybrids have renderad the use of
eaDEYO culture very valusble. The coning part of thig
chapter Jesls with e brief review of the resesrch dcne on

banana breeding ¢nd the voricus aspechs of embryo culture.
Banzna breeding

Banana breading was initlated et the Imperial
College of Tropicel Agriculture, Trinided in 1922 and at the
Daparntment of Agricultuze of Jamalca 1in 1924 (Dodds, 1930,
1958y Simmonds, 19665 Shepherd, 1968). The work ues initiazted
to breed a veriety rasistcnt to panama diseose whichuas a
major problem of the Jamelcen banazne industry. The moin aim
8t that time wes to find a panarna *igexse resistant
gsubstitute for Gros Micnel and as much like it a3 possible
in other charsctors (Simronds, 1966). Breading started both

in Trinidsd ond Jamsice by crossing Gros Michel (AhA) as




famale pearcent with wild sceded ond disease goaistant

strzins of Musa acuminste sub gp. @alaccenais,

Among the resultent progenies selection wes mode
from tetrepleolids as all other forms did not have any
reseublanea to Gros RHichel (Cheesmen snd Dodds, 1942).
Among them, only twn, 1IC=2 in Trinided and 5-19 in Jzmaice
had resesmblence with Gros Michel and were resistent to
panana dissass and lsesef aspot, but pos;zsaeﬂ inferior bunch
charucters of the male parent llke asmealler frulte snd
cccagional ssed set (Cheeaman, 19347 Dodds, 1958,
Simzonds, 1955).

Later on mele fertile Jdiploid, Fisanglilin {Aa)
was introduced from Malayas (Simionds, 1966} and wes used
a3 the male psrent in crogses uith the famale parent Gros
Hichel. She new msle parent used hed suomevhat longer
frolta than thg wild tyres, it wes reelstant to both panama
digease and ségatcka. Also 1t tronamitted a2 high degree of
female stegllity te the progenies (Simmonds, 1966)., Yrom
this cross the clone Bodles Altefort (AN} was roleased
te the growers in Jemeica (Csborne, 1262; Simmonds, 1966).

But later 1t was found that scme of the progenles from this

cross ware gusceptible o venama disesse. The perthenocerpic




' getzaploids possessed poorly shapod bunches and often
rethor smell fruits (Larter 1947; Dodds, 1958). This
resulted in the rejection of Pisanglilin from the breeding

progranes .

Dodds (1943) emphesised that the hope for benana
bresding lay in first finding or braeding new mazle parents
znd than seeking comnierciasl banunes &nong the primery
tutreploida produced by thom from Gros Michel. Male psrent
breeding made a sudden and drametic progress in the iste
tiftices as & result of materlal secured by the 1954-58
bsnana cellecting expedition (3immonds, 1956). Synthetic
diploids with pendulcus bunchqs and numercus long fruits

bacen? not UNCCINICD .

in the :eéont years, the importance of lodles
nltﬁfo:t declined begcezuse of the cccurrence of short setured
cavendish clone, Robusta, thus ecccommodating more plantaf
ﬁactarn (Sismonds, 1966). Hence a semi-dwarf mutent of
Gros Michel, namely, Highgates, which hed potentiel advanteges
over the tall form in highasr hapé nurber as well es in
-sturdier hablt, was used ss & substitute for Gros Michel
{Lerter, 1947). The drawback in Highgaten iz the small size
of fruits end this drew back could bs cvércomelby the new

male parents.



Thus many secondary triplolds quo producsd
from the cross betwsen Highgata and advanced diploids
at Jamaica {Csborne 1§51-&3. Simronds, 1966). =But many
-acondurf triploids ralssd from backcrcss of primary
tatraploids ¢o seaded diplﬁids wvere £éund unpromising also.
(Dcdds, 1943; Simuonds, 1966). This was duo to the
brcakdown,cﬂ hichly selacted and desireble Gros Michel
combination in the secondary triploi&s.

In Honduras, bresding rrogreme begon with an
extansive collecting expedition in the keetern Pacific
and South-East Asia from 1959 to 1961 (Rowe and -
Richexdscn,l1975). The progrémre bugen by & search for
Auarfness iﬂ diploids. %hese were ohtained by the improbzble
cress of triplodd, Velery cnto fully sevded lMuse acumninsts
(An) .  Although sccessions with diseese resistance were
readily identiiied, there wers no diplcids with superior
sgzonoesdc quelities end discases resistance. Nunerous
czoases end selections emanq‘diploidn rapulted in the first
dipioid with superior sgroncmic featurss. This Aiploid,
6H 2095 Hls'ﬁhrived from the crogses (‘'Sinvobogl' x
riau legaﬁi') %t (Wild melaccensis x Guyod'). The vigorous
patthcnccazpﬁc & 2095 hes up to 19 hands snd weighs upto
30‘29. Pingers axe leng (20-23 en) end do'naé dzep from the
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crown when ripg. The fruie dves not ripen premoturily
and remainzs firm sfter ripening. .Ene dafect of 54 20%5
12 poor pollen production vhich reduces 1ts usefulness

a8 a mele parent. However, a few 3eeds are profuced when
used as 2 female perent. The good bunch charocteristlcs

of SH 2095 are readlly itransmitted to progenles.

To ensure highsyr levels of rezistonce to black
sigatoka that spreed throughout centroal Ameriecs in the
19708, progenles from the resistent tlusa scuminata, sub sp.
burpennlea wore introduced inte the dipleld breeding
progracmre (Rowe, 1961). The higmannige progenies have
very inferior bunch charecteristics that are Gifficult ¢o
overcome, However one resistont hybrid from a population

of 3500 progenles of burmannica had sufficiently adeguats

sgroncindc guolities, This hybrid SH 2989 1s nov beling

used as the burmennlesa gscurce of rosistence.

?a‘induce burrowing ncmstode resistance in the
diploids, bunches of 'Pisang jeri husya' werse polliinated.
Cne progeny 34 3142 - ves fcund ¢o be highly resistant
to the burrcwing nematode {Pinochet end Rove, 1979} and
had some resiotance to bleck sigatcka. Seversl bleck

sigatoka roslstent Siploid hyvbrids with sdvenced egronomic



1t
f

Faatures ware selacted from a segregating populaticon
of BH 2005 x 91 2909. Une of tha best wes S 3176 with
1% hends and loncer and fuller fingers than the Ji8 2969

Qﬂr@ﬂta

Diplold improvement continued in 197980 wigh
the golecticn of 3H 3245 from spross batween the nématcda
rapistent B 3142 and bloek sigestoke-resistont 3H 29897
SH 3248 produced 16 hands witb long fingers, geed flavour
2nd some resistancs to bleck sigetoka. The diplold with
the best sgronomic choeragtoristics developed in Honduras
(513 2095) had pocr pollen thus limiting its usefulness as
& male parent. However, & croas of SH 2095 x BH 2766
vielded the hybrld 58 3217 with bunch qualities similer
o the 8 2095 perent with ohundant pollesn. Thage two
sdvernced diplolds (SH 3248, 98 3227) were tha cutsteanding

selections from a segregating population of 10,700 hybrids.

In 1962 P.l,Rowc seleocted a tetreploid with
-uffiqient uelities to merit testiny for ponsible commeycial
use égi:;oggi, 1987). This sslecticn, SH 3436 was from o
crces of the burrowing nematods resistant dipleid 38H 3242
on €0 ‘righgete’. &4 3435 was highly resistent to blezck
sigatoks and it had othex desirable qualitles of the bunch.
S8ince it was derived frem Yilighgete? the haight i3 similer

t0 Valery or Rchusta.
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'Banzana braading in india

Banane bxeeéing in Indis was gtarted in 1849 st
the Central Basana Feszearch Station, Aéutﬁur&i in Temil
Nedu. ?ha raln alm of breeding was to evolve a wind
resistant Swart form of~the variety ‘Monthan' (Fair, 19%53).
The male parents used were ail willd geeded diploids . s

Huss acuminata, Muse balbisisna, Musa chilccarpa end

Busa coccinea. Commerclsl triplolds of blspscific origin,

vis., Pooven, Monthan, Rasthall, Peyen, Thote, Peviunnen,
Rajovashal and Meyvennen were uaed as femecle parents. In
gll the crosses, the frule guality of hybrids wes found
o be far infericr to the female perents and fruits were
secded. A tetroploid hybrid ‘Hybrid Sewsl' evolved frem

cross between Neyvennen x Musa balbisisna was found

promising in reaspect of yileld and quality (Ramean et 2l., 197%).

To produce nemstode reslctant bybrids in place
of NMattl (24) it wvas crossed with nematode rssistant clones.
Of the different crosses cnly two, He74 (Mattl x Piaanqlilin)
and Ha109 {(Mottd x Tongat) were found to be nenctode
realstant end retalned the chorzoters of Mattd (THiaU, 1982).
Recently a hybrid, Co-1 was derived from the ¢rosg involving
Leden (ARB) a3 female parent and the [usa halbisisna (3B)

end Kedali (As) os mole parents (Arhskierenavolan gt 8l.,1965),



This triploid hybrid produced phanotypicelliy recembled

the hill beanena Virupakshi (AaB).
Benena Breeding in Kezsle

In Fersla bansns breeding was initiected only in
1982 (Karmechﬂﬁya. 1984) . - Studies on eytotaxonomical
aspecté revealad the possibility of improving the cultivars
by selecticn to nmeat the locetlion epecific reguiremonts
{(Valsalakumeri, 1984). %The clessificaticn bssed on génetic
divergencs suggasted the groups from which the parents
could be convenlently sslectsd for explolting the wide
variebllity existing in the erop. Scudies have slsc shown
that clonosg beloaging te the different gencmic groups
could Le used es mele end female persnts L€ they are comps-
tinle (Kermacherya, 1984y Velsslahumari, 1924). The resultis
&lao indicated that severol desirsble cultivars such es
Resthali, Red benena ond Pslayankeden had vieble pollen

which could ba utilised for the hybridigetion progromnme.

Competability studies by Kexmecharya (1504) showed
that out ¢f the 27 cocmbinstions tried, 8 conbinationa,
Agnipwar x Plsanglilin, Palesyankoden x Pisanglilin,

Lecatan x Flsanglilin, Mennen x Pilsanglilin, Hendravonnan x

Plaenglilin, Psleayankodan x Sikusanl and Nendranx Sikuzani
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wegs corpatible. Among thess four hybrids. with
Agniswar, Nendrevennan, ﬁeaﬁan and Herichsl as femele
persnte and Pissnglilin as mele psrent produced bunches
with prcmiainﬁ featurea, Pollen wviablility studdes
revealed that pollen rexained vishle for 14 deys when
£lowers zlong with the brect were storad in the ¢pen

@t room temperature. 7The storsge life was increased to
the maximum §£ 30 days when flowers along with brocte
were stored in refrigezmtéx {4°C at 10 per cent RH)

{Ksrmochorya, 1984).

Clen2l veriaticn studies in Nendran (KAU Reseerch
Roport 19284-85) revesled that out of the 144 clones
collectsed, oaly two clones i.8. clone 35 and 123 cen ke
. populerized es the promiging clornes. Intraclonal voarietion
studies in the cultiver Paleyenkodan (Rajeeven, 1055)
identified two high yilelding sub ¢lones, Kslavoor and

‘Anchal from the 24 sccassions studicd,

Studies on pollen fertility end pollen productien
of melected male pereonts {(Krishnakurar, 1987) viz.
Pisenglilin, Yonget and Sannachenkedali pointzd out that
out of the three, Plasnglilin hgﬁ higheat pollen production
end pollen fertility., Pollen fertility wes fcund to be

maximum betwaen 25th end 30th neder stondaydisaticn of
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media £for pollien gwrmiqation end tube growth indicsted
s medium containing 35 per cent sucrcse was the best.
Th!ec:cﬂmpatable caﬁbﬁnatieno of cultivers invelving
Palayankodaq. Rasthsii nnﬁ Hendran as femele parents

and Fisanglilin as mele parent vwere slso sugga;tad by
Krishnekumar (1967). Ssed producticn vas found to be
maximum in Palayankcdlﬁ (102.96 sseds per bunch) followed
by Hendran (13.65 seuds per bunch) and Resstheli (10,58
seeds per bunch). The varicus seed trestrents tried were
not effective in enhencing seed germination ¢r getting
esrly germination, However, two seeds in ecld treatmant

from the c¢rosa Pslayenkcoden x Pinangiilin germinated.
Bvalueticn of hybrids

In any crep, hybridisstion is done in corder to
cosbine the gualities present in the pardnts in & single
plont. ©Once a hybrid is produced it is importent that it
is evaluated for its acceptebility over the parents. Thus
in hybridisaticn work evaluaticn plays an igportent role,
the uperior cnes ere accepted and inferior cnes sre
rejected. In baznana the early hyrrids from tha cross
Groa lHichel x Hnse scuminata, nemely I-C-2 and qug, th@ug%
rossesseld the predominance of cheracters of Gros Michel,
were inferior in bunch characters {(Chaesman, 19317 1932,

19347 Cheeaman and Lartar 1935, Lartez, 1935).
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The tetreploid hybrid, Dodles Alcafort produced
from the Gros Hichel x Pisanglilin (Osborne, 1962) was
found rasistant to Fenema discase, lesfspot ond namatodes.
In India the tetraploid hybrid evolved from the cross
- Poovan x Husa acuminata produced fruits of superior quality
aover the feéslc porent., But the hybrid was lécking in
good bunch, grede and fruit size. The tetraploid hybrid
"Hybrid Sawqi"uan svolved from the cross Ksyvennan X
Muss balbisisna clone. 'Sawai'’ was medium tell in stature,
sturdy in appecrance end yielded & heavy bunch with good
gound shaped £ruits while the témalo perent had angular
fruits,

Bhaktavathselu gt al. (1368) conducted e
comparative stuéy on Klue Teparod, & naturael tatraplold
(ABSB) and synthetic tetraploid hybrid, Hybrdd Sawal (AwDB).
Both were sturdy with 355 and 328 days respectively between
ahosting tc hacvest. The fruits of the former were medium
sized while thale of tha later were large snd plnmp.
Azhukilman&valﬂn and Reo (1983) msde another cempa:ativn
study of hyh:iﬂ 135 end Vizupekshi banancs. Hybrid 135 was
bred 1nlram11 Hadu by using pollen from Luss balbisiasna
{2n « 22, Bé) on Laden (2nd = 33, AAB) to give e By
(2n = 22, AB) vhich was pollinated by Ksdald (2n = 22, Ah)

to give the hybrid (2n = 33, AAB). There was a strong
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rorpholojical regaexbiznce betwasn hybrid 135 and
Vizgupeksnl {(;:23). A conparison which involved 19
chorecteristics showed the former to he shorter end

earlier endd to produca mwore frult Of better cuelity.

in apcother studly €he hybrld Co.l1 was conpsresd.
wvith Virupekshi (2a3) (Azhekisnznovalen ot al., 1983).
Co~-l was fcund to be similar t¢ Virupakshi, but of shorter
stoture, It had nore leaves end proluced heavier bunches
of heavier fruit {160.5 @) which had ¢greater content of
gugsrs and total soluble s50lids. The crop duration of
CO=1 was 14-14.5 months snd was found to be quite promising

in hills arnd plains retaining itz Zlavour.

In Keorala Agricultural University, three hybhrids
evolvaed Lxom the cross, Agniswer x Flsanglllin were
comparad amcng therselvez end als¢ with the femsle parant
(Krishﬁikumar. 1987}. The hybrids were all fcund to be
triploids (2n = 33, ANB), Morphologlecel description of
hybrids ahcved thot Hybrid Ho.l and iHybrid MQ.IIi resexbled
the femole perant. In almost all the charécters studied
Hybrid No.iiX was found to be superior. Hybrid dNo.I wea
intermedliate in characters and Hybhrid nu.zi wss inferiloy

in all aspecta.



Problems in banana breeding

The edible cultivers do not produce seeds whan
grovn in pure stends, some of them are entirely fomale
sterile, others will produce an cccesicnal seed when 8

source of viable pollen is available (Purseglcve, 1575).

Sterility in cultivated benana is dus €O &
conbinaticon of gametic starilicy resulting from structurel
hybridity of chromogcmes and polyploidy end aygotic
sterility resulting frcm genetic control of” male sterility
and patthemécatpy (Codds, 1958). Sterility is mainly due
€0 melotic abnormslities end parthenccesrpy is due to
thres complementery genes derivad from the wild Musa scuminuta
({Codds end Simronds, 1948; Simronds, 1983, 1862;

Debenge, 1969).

Recent studies hive shown that mery of ths edible
cultivated benanes are femele fertile to some extent when
artificlsl pollination is done (Sathismoorthy, 1873y
' Pursaglova, 1975 Kermacharys, 1984 Krighnekumsr, 1987).
Thus on artvificisl pollination seeds could be cbiteined.

But these seede show pooz germination percentage and recovery
of hybrid ssedlings is low. '

ra

Little is kpown about fazctors which &ffect sead

qexminationlln the Cenus Muna exceyi that germination is
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estromaly varisble and goletively di€ficult to obtain

- under srtificisl conditions, The uss of seedling bonana
planﬁﬁ as research teols snd the increased arphasis on
banana breeding vrogrammehas necegsitsted eiucidsticn of
fectors affgcting ge;minﬂti@n of these se2ds. The seed”
yield of hybzids is usuelly lew and for-a succesaful
hxoaélng progremce, itv 15 impexativa that e nexirum nusber
. OF theae seads be garminatod.

The enstomy of the sesd of Husa bulbisiana has

bsen deacribed by MeBahen (1961). Usually aeeds are
irragulerly globose in shepe and frequently heve scmewhet
£lattened sides, ZSeeds sversge 3-5 mn in dlameter. -

The scods ere grayish brown and e scaricus menbrens covers
the ruzose sead coet. The enﬁéupexm of tha mature smed is
powlery in texture and incowplately f1ills the sesd cavity
‘{Mc Cahan, 1961). ?he'embéya.&i sltusted just below the
micraaylat cép and 4t is presant kelow tha emhryu. '

The chalasal maaa is an annulaz sres of thin walleﬁ cells
densaly puckea with 2 red b:awn substence 2nd is
gelatincus (Piﬁpzo 2).

In order to improve the germinstion percsntage

several seed treetmants vzre tried by severel workers.

Simnonds {1932) notleced that prescuing trestments
such as chipplng Of the testa, -zoanhing sexds in sulphuric
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acid, soaking in water end the applicsticn of Cemporature
shocke are ususlly deletsricus and often lethsl - Btotzky .
and Cox (1962) used alternating temperatures for the
gerninstion of benena seeds. They found that gltezncting
temperature differantials optimal for germinaticn 4n soil
were depconded apon both the high and low temp@rétﬁxa and
range from § - 230, Cermination is meximum when the seods
are held 6 - 12 haret high (27-35%C) end 12-16 hooat the low
{12-18°C) texperatures. Some gormipation cen be induced by
short exposures to sltsrnatdng temzsratures followed by
constent high tempereture, but continuous exgosute to

slternating tenperstures is neceasary for masimum gersination,

Stotzky et al. (1962) obteined &0 per cent germination
in bsnena sesda under ;eaytic condition. He roroved & ¢hip
Exom the loteral portlcn of the seed cost end the tims
reguired for gerninsticn in storile culture wag shorisn=g

from 3«6 waeks roguired for intect seeds in soll to 6«10 days.
It was also proven thet as the oxclsed embrye axhibits no
dezmency, the foctors dolaying germicetion regida in othey

portions of the seed.

Krishnskumer (1987) used Aiffermt methods sunh -as
treatment with concentrated sulphuric cold, guick Aip of
gesds in kolling water, treatment wlth gibdbsrellic ascid st

250 end 500 ppm snd chipping the t8stas of sezds, to enhance
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the germinaticn percentege of benans sgeds, He could

not get positive results in any of thae trsathsents,
Eehryo culgg:n

‘Enbrye cultura provides a wsy to get seed
gerrination that is not possible with orxdinary wmathods
(¥hanna, 1%88). Ths underlying principle of the method
of embryc culture is the aseptic excision of the smbrye and
its transfer to a suiteble madium for developmant under
optimum culture conditicna. Selection of proper nutrient
medium is an impoztant espect in embryo cultur; vhich veries
widely in cowposition (Raghaven, 1977). In generol, the
younger the embryo, the more complex is its autrient
reguiremant after the growing embryo is transferred from
cne medium toc another for continued oétimum groyth.h After
the embryc has grown into a plantlet in vitro, it is tronsg-
ferrsd to sterilo scil or varmiculite and grown to maturity

in & green houss.,

Ezcision of embryos end culture in assptic medium
wag utilized by Tukey to germinate the evecds of early -
ripening swest cherxy eand peasch varietiss (Kester and
Hesse, 1955), Honza (1§55) explains it &3 & useful tool in
sscuring difficuit combinations of genetic chiracters.
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It is alzo been used to ghorten the life cycle by
avercamlng‘tha seed dormancy thoat cccur in wvericus
plant materisles. In scme Lyyes of secde the dormancy
cen be overcore by exclsion and gulture of embryoes. In
stiil other types of seedds, whose dormency 18 brcken by
specific light or 2§m§cr§ture treatments, enbryoc culture
has helped £0 locslise thé £ndogencus promoters or |
inhibitofs of germination which maintain the seeds in a

dorment or ncndormant state (Raghaven, 1977).
Applications of ewmbryo culture

work with arbrycs of Alfferent specles of Iris
has establiched that seed dormancy is due to the presscnce
of atsble inhibitors of embrys growth presant inm the
sndosgerm {Randolph and:cox. 1943), esbryo (Lens, 195?)
or the seed coat (Lenz, 1953). Dormancy has been overcome
. in the seesds of other plants also by the embryo cultue
method, which has lead to the recognition of the primary
role of endogsnous irhibitors in the process (Cox gt al.,
1955), Eulture of embryos of dorment seeds of wild oat
£ﬁﬁg§g £atua) at different intarvsls sfter harvent has ghown
that the defect of completely isoleted dorment exbryos is
overcome Ly eddition of glbberallic acid to the medium ‘
{Simpson, 156%).



Dormency exnibited by crchid seeds is mainly
due €0 immaturity of the oubryc (Knudson, 1922).
Morphological developmont of embryo cnd fts subshéuent
germinaticn take place in thes 35il in agsscciotion with
& micorrhizal fungus. Knudson (1922) succesedsd in
germinating orchid embryos into plentlets in the sbsence
of the aywbiotic funqus'by growing them in & nuetrient

nmedium contalning suger.

Hateral sterlllity barrier in tha ze2d could be
overcome by resorting to culture of embryoes (Abrazham end
Ramzcnandran, 1960). By resorting thiec rethod, seedlings
of crop plants which sre traditlonelly propegated by
vegetetive mesns were obtained in the case of banana
{Cox et al., 1960) end tuber crops like colocesia {Abreham

and Rsaecheandren, 1960).

in breading programmes when dormency of sesds
&xd slow growth of zeadlings necossitate long breeding
seegons, embryo culture helps in reducing the breeding cycle
of new verieties. The value of eanbryo culiture in
clzcumventing the slow germineticn of the seed end the
slow growth of the seedlings is iliustrated in weeping -
ereb apple (iickels, 1951) end in rose (Larmerts, 19467

Asen, 1948). Tne proguction of barlay monoploids by the
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selective @liminction of c¢hromosome involves crossing
ggrdegg7vu1géig-wtth Hopdeus bulbosum., The young exbryo
which invariably aborts in nature is dissscted cut and
cultured, - The chromoscame of Hordeum bulbosum are
elimineted during culture to profucs e monuploid (Jensen,
1977). This is called Lulbosum tachnique.

In 3es? testing trials, embryo culture mathod has
'figurnd 29 & repid noRns of determining the visbility of
particular lots of seeds (Tukey, 1944). Froem a precticsl
point. of vieu,nuraezyﬁiunn could use this s 2 qulck teat
for predicting the vi&b&litj of current seascn's supply of
secds for specific planting dastes and thereby eliminsate
plenting failures resulting from the use of seads of low
viability. »nd supediete cowmercisl hovement of seeds of
knowa viebility. (Reghaven, 1977).

A
Lobryo culture method hes 2150 bean uszsed to stuldy

sone fundasental problexs in_ogparimenta; sabryogenssls
(He:ayanasﬁamy snd Horstog, 1964; Mzheswsrl znd Rangeswany,
1065s Wardlaw, 19655 Reghawan, 1966) to study host pathogen
interzction (Padmenabhan, 1967) znd to evoluzte the mutagenie
ebility of irradiated substratez on living tissuves

{Haterajen and Swaminsths, 1958). | |



Lmbryocultura end plant bresding

Embyyo culturs has found its application both
in applied end basic ressarches, In relaticn to erop
improvenent, the ombrve culture has been quite coowmonly
used for the recovaery of h§bx1ds beatvween Jistinet taxs,
Hybridissticn between cultiveted species and related wild
species has been of greet vslus for cultiver loprovenent
(Khanne, 1986). Advances in embryo culture‘mothad have
served to open the way effectively to obtain plants drom
invizble hybrids, the seeds of which are traditicnally
dlscarded due to their inebility to germincte under normal
cenditicns (Raghaven, 1877).

The conposition of the culture medium 4s an
izportsnt £sctor in the successful establishment of & tissue
culture, Culture conditicns favouring cellus growvth may
not ka suitsble for organ Aifferontisation, Dech tissue
type requires s different formulation depending on whether
the objective im to obtein optimum growth rate or induce
crgasncgenesis. Several medis heave been developed by varlous
workera to suit particular recuiraments of & culiured tissue.
A stenderd or bassl medium consists of a belancad misxturas
of macronutrient and micro nutricnt elemsnts, vitsmins, a
cezrron source, orgonlc growth factors, e scurce of reduced

nitrogen supply ond plant hormones.




Enbiyo abertion occurs uite freguently &s a
result of unsuccessful croases in breading. A major
. gause of early embzyo shortion ls the fzilure of endospers
-.to develop ﬁ:opotly. Agsptically culturing the embryo in
8 nutrient medivm can often overcote this problem
(Bose, 1986). This technicue is used to produce interspe-
eific hybrids in cotton (Gill and Bejaj, 1984) end in
pranuts {falward and Stalker, 1987) wnare incempatsbility
" barrier like exbryo or endospern sbortion sxists end Seandhu
(198¢) used two Giffersnt media to raise hybrid seediings
in cotton from imsature hybsid cﬁb:yoaland ovales.
The cultures ware malntained at 2% 4 2°C snd 55«85 per cent
relstive hunidity undex diffused light. Mursshigs end
skeog medium supplemsnted with IAA (2 mg/1 + Kinetin
(0.3 my/1) produced best results for embryo culture wheress
55 mnéiuu supplemented with 2,4-0 (2 mg/1) resulted in

excessive cellus growth from ovules.

Glrﬁiantiontgailuxus are cceson when plent C
bresdera hybridise two widely divergent races. In other
instances the exbryo may pagtislly or fully form after
fertilisetion but~no seed i3 formed. In thst situstion
which 18 common with interspecific end in:erﬁano:ic crda-ea;
direct guleuzi of ambryo may result 4in plontlet formation
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{(khanns, 1986). In rice embryo culture have bs#n
applied to propagate hybrids cspable of withstanding
unfavourable environmental conditicns often resistant
to pest and dlsvases. ﬁile: {1951) fcund that when kernsle
frem crcsses botueen cultivated varieties of rice were
plnnied aseptically cn 8 solidified minsral salt mediun,
embryos grew into transplantable sesdlings. Difficulties
encountered in resring pluntf from Anterspecific crosses
’ within the genui were 4180 overcome Ly culturing the
embryo (Putany, 19887 Nokajima end Morishims, 15560;
Bouharsount, 1961).

For the regeneration of interspecific hyrrids end
allopolyploids also ambryo cplturt zethcd has baen widely
‘used. By the use of embryo culture fertile ellcpolyploids
were regenerated, from crosses between triticele und
Triticum BOflogOCUm, The hybrids produce more grasins per ear,
nore tillers and grainy were of snooth uppca&anco with high
protein {(3kishe snd Neumenn, 1980). Interspecific hybrids
were also recoveref through eabryo culture in crosses
between barley x whsat (Zhou st 8l.. 1979) uwheat x zye
(Zho, 1979) Sarley x rya (Eacpc: at =1,, 1978),

Cooper 35,3;;‘ustl Rorstog's B II meéium in vhich e white
Callus was formed from the embryos, This callus was sub
cultured ﬁonthly and twelve plantlets were regenarzted from

callus wihich were grown to maturity.




Bajaj gs,gl. {1978) cultured hexaploid triticale

" eabryo on Mursshige end 3koog medium supplomented with
varioue substances. BRest growth was shown by 16418 days
old embryos cultured on medium supplemented with IAA,
kinetin, and macerated endcsparm fram ysung grains of
Ipiticum duram, Datmen and Hcck.(z.g'lﬂ ussd basal srd
complex agar sucrose nutrient medis for comparing growth of
mature intact ceeds and edcised embryos of maize. Complex
mediun increzssd root growth of seedlings from excised
embryos. Thera were no nutrient medie sffects on shoot
growth. HNo sbsclute reguireament by cultured mzize exbryos
for externslly supplemented auxin was demcnstrated. In the

basal medium auxin inhibited root growth.

Balkanjleve (1985) could get 22 per cent xegsneraticn
of autotriploids of barley when awbryos were cultured on &
modified White's medium. Plants were regensrated from
callus cultures initieted from immature eabryos of barley
Qﬁen culturad on a modifisd Murashige and Skoog medium
supplemented with 1.5 mg.. 2,4-D and 6.5 mg IAA/1,.30 per cent
cellus initistion occurrsd within tive days dsmonstrated -

& method by which incompetebility between beiley x Rye could
e overcoms by resorting to culture of ssbrycs, Here the
incompatebility is due to early sbortion of endosperm and
the embryo. The hybrid eabryos could bﬁ succesasfully grown



on Murseshige and 3keog medium + casein hydrolysate

(500 mg/1) + IAA (1 mg/1) + kinetin (0.% mg/l).

Early in the developrent of embryo culture as a
rasesrch tool, Loibach (1925, 1929) demonstrated that

siibryos of nonviable seeds of Linum perenne x Linum sustraticum

cculd be cultured in & nutriant medium and reared to
meturity. This study set the stage Zor a series of later
investigastions to surmount bagrrler to crossebility in plants
whose embrycs abortald in the zeeds bafore thoy germinated
or whose seedsugre uneble to support developmant of erbryos

to maturlity.

TO recover P1 hybrids from Ixis pssudacorus x

iris ensata cross, Yabujs {19€5) used a apeciel methcd of

overcoming sterility by the production of smphidiploids by
colchicine trestment 0F culture ambryos. DLffact of Qifferent
grclith regulators on growth of Iris exbryos wers studied by
Stolez (1977). Slatter (195C) used z method of embryo

culture of certain besrded irip hybrids on nutrient ager.

This method reduces the time interval batween sead sowing

and flowering and also onsures higher sercentege of germinaticn.
Studies on the growth of mature iris enmbryos on Wnite's

madium with varicus agar. concentrations revesled apn inhibitory
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role of higher agsr concentraticn on the growth of

oxncised embryos (Stolez, 1971).

Custers (1986) usasd snmbryo culture method with
somo auéconS‘tm overcome the problem of abnormal development
or abortion in interapecific crossas in Lilium end Tulips.
in another study embryos (0.3 - 0.4 mm long) of hybrids
Detweon Adlstantly rolasted Lilium spp werz cultured on
normel endosperm from interclonal crosses meintsined on .

Murashige and Ikooug medium with e success rate of 60 per cent.

In almpzt 2ll frult crops embryo culture technigue
hag been used for rearing either normal zmbryos or hybrid
smbryos. Attengts were rnads to grow embryos oOf inte:ﬁpecific
crosses of horciculturasl veristles of deciducus tress which
ripen early, but heve low yleld cf viable sacds, which
neerly opensd up the f£ield of frult tree breeding for
exploitation end study (Tukey, 1934; Blake, 1939, Skirm, 1942;
Lazmmerts, 1942). Lamuarts (1942) used ambryo culture es an
sifective technligue for shortening the bresding cycle of
deciduous trees and lacreassing the germinstion of hybrids,
Zerly ripening forins of sweat cherry, prech &nd pear wera
chteined through this method (Zdruikovaksya - Rikhter, 1979).
Generslly seeds of spple, peach, pasr end plum which contain

ebortive embryos do not respond to the ususl aftsr ripening
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trastment et low tamperature ond in such cases embryo
culture is the most proricing methed to preserve
progenies vnlch may heve chirscteristics of horticultuzal

valua, -

In Cepasus vulgspds x Cesrasus tomentosa and

Ribarnigrum x Grossularis reciinata hybrids, it was
posaible to raige a second gsnerstion of plants fromw seeds
which do net nermelly germinata by grewing the sborted
enbryos under aspectic conditions (Kravisov and Ksrysncve,
1968). By meansy of invitro embryo culture a large group of
hybrids were obtalned from interspecific and inte;q@neric
gronses in stone ond pome frulés (Euraskov, 1979). Thus
embryo culture might help in comoercisl frult breeding
programoes end in wide hybridisetion Letwecn unteleted
fruit trm&a by providing & route for seadling sclection and

ty giving e higher percentage of seed qerminatimn.‘

in mengo iyer end Subpamanyesm (1572) advocstod
culturing of hybrid exbryos cbteined froim henging of freshly
follen frults. This method could overcome tho excassive
frult drep which le & mejor ?roblﬂm in Menge hybridisation.
in papaye hybrid embryos which generally aboxt during the
devslopmantal atege betwsen 70 to 90 days 2fter pollination
wers successfully culfuraﬂ in whites madium conteining
0.5 pom kinetin with or without 0.1 ppm each of Gha and
I2h (Thadnis gt al., 1970).
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i’_fcm int;:spclcizib Crosses, embryos were
axcised at an early stege of dsvelopment &nd cultured
to profuce visble hybrida in citrus (Chen and Wang, 1986
:Btgnﬁntina. 1586). In pome a2nd stone fruits, in vitre
srbryo culture was usad to loprove the efficecy of distant -
crosses (Kursakov, 1978). From ﬁcny;eble ‘erly ﬁeech
seeds, 1ncreased percsntege of germination was &chisved
th:ough this technigus (Davidson, 1933: 1934; Hlake, 1939).
Haamarslay end Bauhan (1983) got plant regenaration from
callus induced from iomature eahryos of pedch.

In lour and sweet cherriss, the poor gexmination

- of the a.eaa of very easrly varietios 2nd of sceds produced
through distant hypxidisetioa was elrcumventsd by the

' culture of eﬁb:fal on & stoendazd nediun with GAS end
ayoinositeol edded of embryos romoved (fom fruits when _
the £irat hint of red skin colour sppeared (Spitsyn, 1972»
Ivanike snd Sekeas, 1981), Emhryo_cultﬁre es & technigue
of producing hybrids which are otherwime invicble is also
demcnstrated in Rubus (Gellette end Furyear, 1983; Fiols
and Bwartsz, 1985)., Kugenia (Litz, 1984) persimon and
elmoné (Zdruikovaksys-Rikuter, 1980, 1981, 1965).

in breeding work with crop plamts embryc culture
methed 1s useful in the production of hybrids endowed with
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Qesireble disesse raosistent quelities. To impart
resistance to virus, molds snd nematodes in cultivated
tomato {Lyccperelicon esculentuml)s it was crossed with the
wild aspecies Lycopersicon peruvisnum which ezhlbita

verying degrees of resistance to these sgents. Although
f:uit'davaloémane ir normel in the hybrids, sazds often
harbour underdevaloped esbryos which often do not germinate,
Hybrid seedlings have been reised and nurtured to the

stage of flowvering from asuch seeds by scbryo culture

(Smith, 1944s Choudhury, 19557 Alexender, 1956).

Vorobeve and Prikhod (1980) could reiae both
intergeneric and interspecific hybrids fram tomato by .
cuituring the embrycs on ﬁhite'a maedium with 2 per cent -
sucrose, 500 mg/l cesein hydrolysate end 500 mg/l yeest
extract. Hormonal regulation of growth 2nd development of
tometo embryos in vitro was stulied by Heal and Topelaeski
{(1985). They found that kinatin in combination with
either Giy (107

or 10'%3 or IAA (10"&) showesd greatest
potentiel for inducing development end growth of those

omh:yﬁl ancised bzfore differentiastion haa océur:ed.

In the breeding of cspsicum, use of embryo culture
in rafeing lnterspecific hybrids and in sccelerating the

breading process to givs 3=4 generaticns e year is advocated
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(Fari, 1988). Eﬁbryo abogtion uhich occurs in the inter-
epecific crosses in Gucumis spacies could be overcome Ly
resorting to embrye culture (Nortem, 1980y Custer, 1982).
_Mureshige and Skopg medivm supplemented with Casein
hydrolysate, Difco Bacto Ager, IAA (.01 mg/1) and varicus
" concentrations of aucrose snd kinetin was used for the

purpose.

NuMs at 8l, {1981) uszed ambryo culture for:
securing the smbhryos .:u'ulung from inter specific hybri-
disztion in Fhassolus np. Inguig sp. culcture of
inmature embrycs on BDS medium supplemented with suxins
resulted in the producticn of plante fiom crosses betveen
diploid Allium cepa and pqupldi’ds Allium schenoprasum
and Alliuvs nutans, The sans technigue was ussd to overcome
the sterility in tihe intsrspecific crosses {(Yucrleva and |
Titcva, 1904).

_'&‘ab:yc rescue tochnique was widsly used for the
recovery of interspacific hybrid in Brassica sp.
(3aisj st al,, 1986s hyot.tol et #1,,19677 Mohspetra and
Bajaj., 19877 Ayotte eg sl., 1985), They observed that
infzﬂlpac:lme‘ mh:y; atortion is dus £ sbnormal endosperm

developent.

.-.
LB

N
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In goconut embryo culture technique was uged
by many workers £or the reccvery of plents from normal
erbryos (Karunenatho et al., 15855 Tsherdi and Warga
Dalem, -1982) apd from hybrid embryos (Bzh, 15;86).
Ackersian (1971) studied the genatic and cytolegical
charactere of ineaésp:ciﬁic and intergeneric crosses in

Cansllia by culturing pertly dsvelorel smbrycs.
Embryo culture in bsnane bresding -

As pointmﬂ cut by Rowe end Richardson (1975) one
of the major limit:atians of banans hreeding is the low
rete of germination of hybrid seeds. The erratic &nd
generally low qemimtién levals of sesds from many MHuse
clones has rendered the use of embryo culture very volucble

in hybridisation programce.

Early stulies in the field has given ml;ir two
per cent germination of hybrid seeds (Simmonds, 1958).
in 1560 Tox st al. Jdevelcped sn in vitro technigus for
germinsting Musa helbisiens sesds. Thsy used molified
Knudsen's maﬁium or. Randolph and C;ax (1943) wmedium conteining
D.12 M sucross (but without gtwti'z regulators) solidified
with 2ger (0.S«0.7 per cent) to resr young plantlets from
tiny exbryos excised from benene assds until theyuare
lszge encugh to be p!.acaé in the soil.
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Shepherd (1968) raised hyorid eeecdlings of
banans in Jamaice, by extraoting ewbryos ond growing them
on ; hutrient agsr medium besed on Knudson's solution,.
Fixat in the Jemezice bretding prograneas and gubseduently
in Hendures, embryc culturing of seeds greatly increased
qe:mj.natioq rata, often upto 50 per cent (Rowe end
Richerdson, 15753). -‘mq} unaﬁ mature hybrid sesds from
fully ripe bunches for @:yo culture. The sesd3 ware
surfsce ai:eﬁlfud w:l.tl_\ i per cent i\gﬁoa fer 10 minutes
before extracting the e:;bryoiz The extracted embryosvers
placsd on 2 modified Knudgon's sclution in test tubos and
grown to @ size suiteble for t:zazicplenting directly to
bags of zoil. This method resulted in 50 per cent gesminstion
of hybrid sesds,

Krikorien and Crosnsusr (1982} have discussed the
nesd and use of free cell and protoplést cultuges for
producing new banenes or planteins. They have cutlined
three vays ghut cell cultures might be used o produce new
banng and plentsin plants (Table 3). %his acheme can be
successful only if s capecity to producs or {aclats
cmxpai:mt ¢ells 2nd protoplasts and to ugﬁza:ato proto-

!

plests in large numbers has been develcped (Krikorisn, 1987).




Table 3. Fossible approsches to producing new plants £rom the culture
of meristems photoplests and cezlls of bsnzna and plantaina

Triploid plants

Apical meristems
or
cell cultures

Spontanecus or
inducad
mutagenesis

&elecﬁion

Hew plonts

Triploid cell Dipicid plaents

cul turas or
cell cultures
b atnplss
Protoplasts
Mutegenes s Exotic

\\\ 1nt:7?uet1cn

_ Belecticn of cells
showing chonges or
trensformation

Growth znd relegse of
morphcgenetic
competence

Hew plants

Dipleid plants
or
c2ll cultures

Protoplasta

Fumion

Hybrld cells

~
gglecticon

v
Hybrid ca21l
cul tures

HMyb¥id plants

Scurca: UYrikorisn and Cronsuer (1983)

LE



These studies suggests exdyyo culiuras technique
es the most effective technigue for the recovery of hybrid
seedlings in interspecific and Aintraspecific crosses. In
crdar to gchisve a goocd percentsge of garminaticn of
hybrid sesda, the madium suggested by Rowe snd Richerdsen
(1975) will be used in the present study.



. Materials drw/ Mothod's
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MATERIALS AND METHODS

The investigetions were carrled cut in the
Depaztment of Pomology end Floriculture, College of Hortl-

culture, Vellanikkera, Trichur during 1987-£2.

The studles consisted of two main 2apzcets.
A. Cytororphological evsluation of benana hybrlds evoelved

in the Keralz Agriculturzl University.

8. Standardisation of ecxbryo culture kechnlque for hyborid

sezds of banapa.
A, Cytomorphologlcal eveluation of hybrids

Thres banana hybrids evolved in thoe Herela Agricul-

turel University vere eveluated along with thelr parents,

The hybrids vere

1. Agniawar x Plsanglilin
2. DMannan x Fisenglilip

3. Vannan x Pisanglilin

The suckers of the hybrids end parents ware plented
at 3 spacing of 2 x 2 metres. The recomnended packzge Of

practices were followed (Kerels Agricultursl Undversity, 19€86).
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The biometricsl cbgervaticns of the hybrids and perents
wers teken at monthly interval from two months after
planting up to hervest. The following observeticns vere

recordeds,

i. Plant chazracters

&. Plant haight {cm)

The hedght of the plant was measured from the

ground level to the axil of the youngest leef.

b. Plant girth (eom)

The Glrth of the pscudostem was meoezured st 20 cm

above the ground level,

c. Ffunctionsl leoves per plant

“

The number of fully. opened functicnal leaves
(more than 80 per cent green) present at the time of obser-

vation were recorded.

d. Totel leaf sres per plent (m22

Length of lamina wes measured from the bose to the
tizx and breadth waez moassured at ths brozdest point in the
middle. The ieaf zrea was celculeted by applying the formula,

leaf arsa = length x braadth x 0.8 (Hurray, 1960).
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e. Petiole lenath {cm)

The length of the petiole was measursd from the

basas to the point of emergence of lemina,

£, Duration {(doys)

(1) pianting to flowering intezval (days)

The number of days from planting to flovering was

racorded.

(1) Flowering to hervest interval (days)

The number of days teken from buneh amergence ée
harvest was computed notiﬁg the date of emergence end dste
of harvest, The time of horvest was determined whenm the
ongulezity of skin disappesred, that is, at the stage of

round full (Simronds, 1960).

Totol duration of plant was computed by adding
(1) anad (1i).

(111) Female phase (days)

The number of days taken from the opening of first
bract containing fecmale flowers to the opening of lest

bract containing femasle flowers was teken as femele phase,
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{iv) Msle phasa (deys)

The numbar of days teksn £rom the opening of
first bract conteining male flowers to the cpening of the

last broet contelning male flowers was talen a5 mele phase.

s

2. Bunch chorascters

#. Bunch weight (kg)

The bunch was weighsd with 10 om length of
peduncle above the £irst hend and five om length of the nale

exis below the last hand.

b, Hand weight (g)

The weight of the second hand was teken as the

gverzge weight of a hend (Gcﬁﬁraich et al., 1264).

Cs Mumber of hands

The numbor of hends in each bunch was recorded.
d. Rimber of fingers

The totel numboer of fingers in esch bunch Qés

recorded.

@. Numbar of fingers per hand

The mesn nunber of fingers in 8 hend was obtained
by dividing the totel nuwbaer of fingers in each bunch with
the number of hends.
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3. Plnger characters

The middla finger in the top row of the second
hand was chosen as representotive finger (Cottreich at 2l..

1964) for recording physicel charecters of the finger,

as Pedicel length {cm)

Pedicel was split longitudinally znd the distancs

fxom bese of pedicsel vp to pulp regicn was moasured,
b. Pinger length (cm)

The length of €inger was measured from base of

pedicel to opex along dorsal curve using a fine non-elastic

threazd and scale.

G. Finger girth {(cm) ’

Circumference of finger was measured ot the middle

using a none-alestlc thread and scela,

@, Tinger weight (g)

The welght of fingor vas recorded in grem,

s, Pulp-peal ratio

Veight of pulp and pesl wes recordesd end pulp/peel
s

ratlo was calculoted on weilght basis,
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4, Quality characters

The fruits ealfected from well ripe bunches
were teken Lor guality énalyais. The middle fruit in
' the top row of sscond hand was selected an the represen-
tative semple (Gottrelch ot zl., 1964). Semples were
token f£rom three positicns vie., top, wmiddle end bottom
#nd these samples were then pooled ond maceroded in
varring blcnder. Triplicate semples From these were used

for analygis of different constituents a3 described below.

2, Total solublae solids (T35 per cent)

Totsl soluble sclids were found cut using an

Erma pocket refractomeier and wes exgressed 3s per cent,

e Sugprs (per cent)

Totel reducling a2nd non-reducing sugerg in the
s#anmples were detarmined B8 per the method Adzscribed by

Associution of officiel Agricultural Chemists (1960).

¢s Deidity (var cent)

The mecerated sample (10 g) was mixed with distilled
vater and mede up to & known volums., 20 ml of.the filterecd
solution was titrated agolnst 0.1 R NaOH using

phenolphthaledn ag indicstor. The scidity was expressed
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as per cent of citric zcid (Assoclation of official

Agricultursl Chemists, 19€0).

d. Suger-scid ratio

The sugar a¢id ratio wes determined by dividing

the ¢otel sugers with titretsble scidity.
%, Pollen studiss

The pollen studies congisted of the astination
'@af pollen fertility ond pollen grain size in different
nodes of mole exis of the hybrids and the male parent,

Pisenglilin,

Pollan groins ware collected by scraping the
enthers whlch were abcut to dehige using a blunt ne=dla
passing trensversely olong the lobhe of ths anthey caéing

not to scrape the tissue (Kermachsrya, 1984).

a8, Pollen fartility

Follen fertility wes estimated by mounting pollen

greins on glass slides in acetocarmine stain.

The collected pollen groing were dusted in & drop
of acetocarmine stoin {Alexander, 1980) on 2 clean micrescoplc

slide and kept for staining and examined under the low power




of a microscope (10 x 10). Pollen fertility was

estimated by counting both fertile end sterile pollen.,
Poll;n grains which were well stalned, normel §nd plumpy
were considered as fertile, while t¢those which weze
unstained snd shrivelled were taken ms sterile, For each
node, three such microscopic slidaes were prepared end

five £iclda from each slide vere observed and vclues
avcecraged. Fertility was expressed as per cent of the total

nunber observed,

he Pollen size

The extrected ollen greins were mounted on glass
slides and stained with 0.5 psr cent acetocarmine. A few
Arops ©of glycerin were added and pollen grains were covered
with clean zero cover glass. 7The slides were kept ¢s such
for 30 minutes., Dismeter of 30 well developed normal
Pollen graoins vwere measured using a stondszdised occuler
micrometer under low power of the microscope (10 x 10).

The msan dicmeter of pollen grains was e)pressed in microns.
6. Female fartility

in order to find ocut whether the hybrids are femele
fertile or not, they were crossed with Plssnglilin as
male parent and totel number of geeds produced per bunch

was noted.
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7. Teaxonomic scoring et flowering

The hybrids vwere scored basad on the fiftcen
morphological cheracters diagnostic of Husa acuminasta
and Musa balbisiena ss suggested by Simmonds and |
8hapherd (1955). Tha fifteen mé:phologicel characters of
the hybrids were exemined and respactive scores were
given, £inally the‘scores were added and the ploidy lovel
vas determined, Fifteen chearocters used for scoring

~énd the key ¢o the genovilc groups are given in Teble 1 and

i1llustrated in Figure 1.

8. Cytologicel atudies

Cytologicael studies consisted of counting the
sometic chromosome of hybrids in root tips. Tips of
freshly emarging rcots were collected at 9-30 to 10 am
£o 33 to get tho moximum number of cells in motephase.
Collectad root tips uvaere washed in water end fixed in 1:3
fresh acetic alcchol for reducing the steinirg of the
cytcplasm. For best results the duration of £ixing was

feund to be 8 to 10 hours.

After 8 to 10 hours of fiwxsticn in zcotic zlcchol

the rcot tips were washad in water and hydrolysed in



Talle 1. Charescters used in tsxonomice scoring of banane cultivars (Simmonds and
Shepherd, 1955)

Charsctars

Fusa acuminata

Muse balbisizna

Psgudostem colour

Peticlar canal

Peduncle
Padickls

ovules

Brect shoulder
Brezet curling
Brogct a2hape

Bract spex

Bract coclour

More or lauss hﬂavily rorked with brown or
bleck blotches

Margin erect or spreading with acarious
wings below, pot clasping pseudostem

Vgually downy or halry
Short

Two regular rows in each loculus

Usually high (ratioc 0.28)

Brects raflex and roll bzck after
cpaning

Lanceclate or nagrrowly ovate, tepering
zherply from the shoulder

hcute ‘

Red, dull purple or yallow cutside, pink,
dull purple ox yellow insida

Biotches 21ight or absent

Harglin incloszd, not winged
belovw, ¢lasping psevdosteam

Glabrous
Long

Faour irregulsr rows in each
loculus

Usually low {(retic 0.30)
Brects 11f¢ but do not roll.

Broedly ovate, not tapering
sharply

Chtuse
Distinctive brownish puzple

cutslde, bright crimson
ingide

(Cantﬂ. )

5%
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Table 1 (Contd.)

Charaétars Yuga ecuminata ‘ Husa balbisisna

Colour feding Inside braoct cclour fades to yellom - Inpide bract colour
wowards tha base continuous to base
Dract scors Prominent Sceroely prominent
Free tepal of mele flower Variably corrugated below tip Rarely corrugated
Msls £lowsr colour Cresmy vhite Vagpiobly flushed with pink
Stigme colour Grengelor rich yellow Craom, pale yellow or
: pale piok

Key to_tha groups of edible bensnas

i. Scorxe 1323 {(Accuminate cultivers) 2. Score 26 or more (hybrid cultivars)
1. 2iploid -  AA 1. Scoreo 26-46 triploid -~ ANB
2., Triploid -  AAA 2. Score about 49 diploid - AR
3. Tetrepleid = ZARM " 3. Score 59-63 triploid - ABD

4, Score sbout 67 tetrsploid -ALRS

67



Musa acuminala Musa balbistana

FIG.1. PETIOLE , BRACT AND OVULE CHARACTERS USED JN THE
TAXONOMIC SCORING SYSTEM,

A.PETIOLE , B. BRACT SCARS , C.BRACT CURLING, D. FREE -
TEPAL OF MALE FLOWER ,E. BRACT SHOULDER ( RATIO = X/¥ )
F. BRACT SHAPE ,G. OVULE ARRANGEMENT.
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IH Hel at S0°C for 10 minutes, wazhed in ssveral chenges

of water &énd steined in Leucoe-basic fuchsin for

30 minutes. The stained porticn of root tips wers cut

end plagced ¢n & slide with & drop of distilled water.

Thae gover slilp was placed and pz-séuxe was epplied under
saveral thicknaaa-oﬁ blotting pener s as 0 squagh the
materiel, Then the slide was plaged under high powexr of

a8 microcacope and chromosome counts were taken (Hillary, 1939,

1940; Battaglia, 1957; Daxlington and La Cour, 1976).

8, Embryo culture studies
i. Hybridisation

Hybridisaticon was done using ths female parents
Paleyenkodan ond Nendrzn end the common mala parent,
Pisanglilin (Plstes 1 to 3 ) which had the highest pollen
fertility end compatability with the femele pa:eﬁts
(Kermechorye, 1984),

Tachnigue of c:oising

The infloresceuces were bagged two to thres days
bafore the anticipated opening of the first brect (Plote 4 ).

Hualin cloth bags (0.5 x 10 m) were used for this purpose,

From the flovern of male perents opened on the

day of crossing, antherz were collected@ just pricr to



Plstes 1 to 3. Parents usad in hybridisaticn

Plate 1. MNusa (AAB) ‘Palayankcdan’

Plate 2. Musa {AAD) 'Herdran'







Piete 3. HMusa (AA) 'Pisenglilin®



pEe 3,



Plats 4. A bunch resdy for basgging



Plate 4.
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dehiscence. Crosges wvere maée betwaen 7.00 am to

10.00 am, Since the anthers did not dehiscae proserly.

thay were twisted and forced to dehisce. Follen grasins
were taken out using ‘Ho.1’' caemel hair brush. The cloth
bags were opened and the inflorsmgcences were examined

t0 see if the bracts <cntaining female flowers were opened.
The stigma of female flowers wers tested Sor their
receptivity, by finger touch. 7The stickiness of the stigma
indicated receptivity. The pollen ¢reins taken cut with
the haelp of e cemel heir brush were smeared over the roceptive
stigma of the femsle flowers. In scme c¢2ses in which
receptivity was deubtful on the f£irst day, hand pellinetion
vas repeated the next nmorning eisc. The stigma which had
lost receptivity turned blulsh brown. The inflorescences
were rebagged after pollinaticn in order to srevent any
possible cross pollinaticn by Snasscts or wind. The detsils

of crxoasings were tagged on to the fomsle parentse.

The fellowing ocbservaticons were recerded.
1. Humber of seesds per bunch,

2« Humber of seeds in esch hend,

2+ Collecticn of geeds

The fully mature bunches were harvested end ripened

in the yeoom.. The ripe fingers were longitudinally cut with
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the help of a knife and exemined for seeds. The secds

when preaent wero extracted carefully and washed in\éap

water to remove the pulp. JSeeds were rubied with send

for easy removel of the pulp. These geede vere immedlately
uged for inoculetion or kept in Alstilled voater for threo

day2 and then used for inocculaticn, or they could be even '
stored for & few deys without losiang the vigbility

(Purseélova, 1975) .

3. Surfece sterilization of sczeds

Td?outhy vashad sesads wore surfsce aterilized

with 1 per cent ﬁgﬂﬁg for 10 minutes. 7Then they were weshed

with sterile distilled water three or four Timos.
4. Excision of embrye

Sterilized sceds wero earefully cut along the
sides uazing o gcolpal to remove the ssedecost. The eﬁbryo
is sean smbedded in the endospernm st the micropylar end
(Figqure 2). It was cerefully removed without any damage.

Only meture seeds from ripe bunches weare used for the study.

5. Prepayotion of culture mediuvm and incculation

Culture medium used consisted of a modified

Knudson's medium with the Berthelots salts containing




FIG.- 2. DIAGRAMATIC LONGITUDINAL SECTION OF
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four per cent sucrose. EBoth s0lid and ligquid media
were uged, The composition of thé aedia used is

given in Table 2. Double glaess diatilled vater was uzed
for the preparetion of thne media, The stock sslutions

vere prepered snd stored ot 5°C in e refrigerator.

For prepoaring one litrs of the culture medium,
the raguiged volume of the stock sclutions were pipetted
iunto an one litre besker., Sucrose wes sdled directly.
The volume was ilncreased to 950 ml by sdding distilled
water. The pil ©f the scluticon was sdjusted to 5.6 to 5.8
uzing IN NalH, Ager was added and the volume was made up to
one litre in a volumetric flask. The soluticn wes tranaferred
to one 1000 ml conical flask and heated for melting the ager.
Fifteen to twenty millilitrz of the medium was imradiately
added ¢o culture tubes. The culture tubes werc plugged
with cotton and were autociaved for 20 to 25 minutces at a
prassure of 15 psi, The culture tubes were then stored At

a low tempsrature.

The excised embryos were imcedistely inoculated in
the culture medium. The lncculaetion was cerried cut inaide
@ laninar air flow chenmbsr. The forcepa and scalpels used

for effecting the inocculstion were sterilized by dipoing in
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Table 2. Composition of Knudeon's medium (modified)
(kowe and Richerdson, 1975)

Solu~ , Volume made VYoluma
tion Conetltuents 23;?" upto stock plpetted
Ca (r0g) 4 H,0 10 g
A (Nﬁie}z 804 S g 1600 ml 100 m}
KHBMG 25 g
Mg 80, 7H,0 2.3 g
Berthelots sclution '
MnSO, TH,O 1g
“2 303 | 25 og
B KX ' 250 mg 500 ml De% ml
Niclz 25 mg
Coc12 25 mg
Znﬁed 50 mQ
Cu394 25 mg
Zren solution
Fo 80, TH,0 ' 2,785 g
C 500 m1 5 ml
Raa EDTA 3.785 g '
Thiamine aciuticon _ A
p Thianine Hcl 250 my 250 ml 1ml
Sucrose 40 g
Ager 5 g
Pu 5-6"5.8
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95 per cent ethyl slcohol followsd by flaming. After
inacuvletion the culture tubes were incubated 2t 25°C
in a culture roon et 16 hours light and at en intensity

of 2000 lux produced by cool white flourescent tubes.

The following observeticns were recorded.

Time #tnken for germinaticn

Time token for the axclsed zmbryo, to initiote
swelliny was noted. Time token for the production of roots

end ghoots was alsoc noted,

Percentage of germinstion

This was worked out by dividing the number of
exbryos goerminated by the total number incculated end was

expressad in pepcentage.

o

Helght of seadlings

The length of the shoot from the swelled embryo
to the base of youngest leoaf iz takan as the height of the

seadlings.

Eumber of leaves psr plont

This ig¢ the total nunber of fully opened leoaves at

the tire of observaticn,
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.. He¥dening of the plantlets

¥han the seedlinga attalned five to six centimetre
helght with three to four 1&avgs thoy vwers taken cut £from
culture tubes and wers thoroughly washed in tap water to
ramove the ager and nuirient medium. Twe progesures werae

folloued for herdening the plants.

in the flrst method the sesdlings were Kept in test
tubes containing distilled woeter for four doys and covered
with a £ibre glass cover. The plonés were then romoved from
distilled water end planteﬁ In small polythene begs (11 cm x
8 em), filled with vermiculite znd watered dally, After
th:egﬂgc&ka the plants were transferzed to larger polythene
begs (21 em x 16 om) contelning potting mixture {sapnd, soil

and cowdung in 1:11:31 zatio).

in the second mathod, the seedlings were put in
tast tubes containing nutrient goluticn {1/10 concentration
of Knudson's mineral salts) for two weeks. Meture blackened
roots were cut and removed besfore kKeeping the plents in
this soluticn. The tost tubes were kept inside @ fibre glacs
cover end frejuantly sprayed with cold waster during dsy tine,
After two vwecks, the plents vith new roots were trenaferred
to small polythene bags (11 cm % 8 cm) contelming powdered
sand and vermiculite in 1:1 ratic, After two wesks the
plents vwere trznoferred tou luergsr polytheno begs (12 cm % 8 onm)

containing powdered aand and vermiculite in 1:1 rotic., After
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two weaks the plents were transferred to larger polythena
begs (21 cm x 16 cm) containing a potting mixture of sand,

varmicullte and powdered cowdung in 23112 ratlio.

After keeping the plants in large polythens begs
for two wasks they were trznsferrced to mudzots contalning
potting mixture {sand, scil 2nd cowdung in 13131 retic) end
obaerved for further growth. Duripg the hardening peciod
chaervotions con height of the plants end nusber Of -

leaves produced were racordsd at three week intervols.

C. Btatigtical enalysis

The dats recorded were statisticelly analysed

following metheds cutlined by Snedecor end Cochren (1967).
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BESULTS

Reasults of the avaluation of the benena hybrids
and ambryo culiura studiles of hybrid seeds are prosented

in this chepter.
A. Evaluation of hybrids

Three hybrids viz., 'Agniswar'k 'isenglilin’,
'‘Mannon' x ‘Pisangliilin® and 'Vennen' x *Flsenglilin' were
morphiclegicelly descrined., The ploldy level of hybrids vere
determined using Toxonomic zcoring (Table 4) znd cytological
studien. The photographs of the hvbrids ere showi in

Plates.

1. Horphological Aescripticn
Agniswar x Pisenglilin (AAB, 2n = 33)

The plent 1s 228,33 om tzll at flovering wi;h
2 circumference of 57.67 em at the bese., It %akes 183 daya
for ﬁlowar;ng, 108 deys for flowering to harvest Qith a
totz) Qurstion of 292.67 deve.

Pasudostent Creen with bBlack blotchos

Leavess Potlole 43.34 ¢m long, clesping the pseudostem

loosely, margins of petlole erect, red coloured, leminag
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190 om long, 62 c¢m broad, base of lamine unegusl,

nurher oF lasves 20.33,

Intloreacancot With bogsal female &nd distal male flovers,
female axis szaipendulous,male axia positively geotrepic,

mele flovers deciducus, psduncle medlum long and hairy.

Practs Deciducug, shoulder low, outside colour dull
purple, Inside vurple, inslde colour continucus to base,
broadly ovate, rcll back after opening, 2pex cbtuse, bract

sCars prcmineant.

Pemole floverss Arrznged in two rova, united tepsl 4.3 em

long, 2.3 cm broad, c¢resm coloured,loves 342, ovate, free
t2pal 3,3 em long, 3.7 om broed, colour crean, balow tip
corrugsted, stamsns not fartile, stomincdes 5, filament
langeh 1.6 em, anther locbe 0.7 om long, cream coloured,
pistil 4,% cm loug, stigma creanm coloured 2.5 cm in
circumferonce, with 3 lobxas, ovary 8.3 am long, 7.5 c@ in
circunference, colour light green, ovules srronged in two

reguler rows in esch loculus.

Mele flogueras Arrenged in two rows united tepal 4.9 cm

long 1.9 em broad, below tip corrugstsd, atemens 5, all
fertile, filoment 2.2 o long, colour whita, anther lche
Se3 o long cream célour&ﬁ, piétillode 4.5 o long, atigne
colour ciange yellow, 0.5 cm_in clrcumferonca, cvery white

1.4 ¢m icng and D.8 om broed,



Plates 5 t0 7. fiybzids uszed in the siudy

Plate 5. ‘'hAgniswver' x 'Plsenglilin?
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Buhch¥ Position of makture bunch 30«50 to the horizontsl,
bunch waight 11.83 kg, mmber of hends 6, mmber of

fingers 74.33, fingers in & hand scranged loosely.

Fingers 16,77 cm long end 13.37 em in circumference,

finger weight 87.14 g.

Ripe fruig: Yellow, loosely attached in the hend, rind
thick, pulp vhite coloured, £it for consumption, swect tasts,
T.8,5, 24 per oent, totsl sugers 13 per cent, redueing
sugars 9.76 pey cant, non=greducing sugars 3.22 per cent,

supar/acid ratio 25.82, keeping guality gooed.
Mennezn x Plganglilin {(ArB, 2n = 33)

\ The plant 18 877.5 ¢m tall at flowering with &
clrecunfersnce of 54,33 ém at the base. 1t tokes 218.33 days
for flowering, 117.33 days from flowaring to harvest with 2
total duration of 335.67 deys. :

vgeudoétqma Green with black blétches.
Lpaves: Potiole length $3.45 em, not clasping the pseudoatom,
marglns of petiole erect, black coloured, lanina 220 ¢m

long, %4 cm brosad, baae of lamina unsgusl, number of leaves 27,33.

Inflozescence With bosal femele flowers and distel male

flowers, femsle soxis gemipendulous, male axias poaitively




F/afe
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Dubichs Position of msture bunch 30-80° to the horiscntal,
bunch weight 11.83 kg, number of hands 6, number of

fingers 74.33, fAngers in & hand asranged locsely.

Fingers 16.77 om leng 2nd 13.37 om in elrcumference,
£inger welght 87.14 g.

Ripe frulss Yellow, locaely ettached in the hend, rind
thick, pulp white colourxed, £it for consumption, svect tasts,
T,8.5, 24 per eont, total sugers 13 per cent, reducing
sugags 9.78 per cant, non-reducing sugsre 3.22 per cent,

sugar/oecld ratio 25,82, keeping guality good,
Hannen x Plsanglilin {AAB, 2n = 33)

The plent is 377.% om tall at flowering with a
clicunfersnce of 54,33 ém at the hase, It tokes 218.33 deys
for flowering, 117.33 Gays from flowaring to harvest with a

total duration of 335.67 days.

Papsudostems Green with bleck blotches.
Lisavags Fetiole langth 53.45 an, not clesping the pseudoatem,
nazgina of poticle erect, black coloured, lanina 220 em

long, B4 om brosd, base of lamina uneguel, oumber of leaves 27.33.

Znflozescencs With bosal femele flowsys end dAistal mele

£flowers, fenele axils gemipenduleus, male axis positively



geotroplo, mala flowers deciduous, peduncle short and
glabrous,.

Pzects Deciducus, shoulder low (ratio ©.5) outside colour
dull purple, inside colour dull purple, inside colour
continuous to base, broedly cvats, x0ll back efter opening,

epex chtuse, bract scars praainent.

Female flowers: Arzanged in two rows, unit;d tapal 7 cm
long, 2.7 cm broad icrams coloured, lobes 3+2 ecuts, free
tepal 3.2 om long, 3 om brcad, cresx coloured, below tip
cexrugated stamens not fertile, stamincdes 5, fllaiant
lsngth 1.8 om snther -lobe 1.2 ¢a long cream ccloured,
pluti; 4 cn long,stignez cream coloured, 1.8 ¢m in
clrcumfexence with 3 lcbes, ovary 8,2 ém long, 6.4 ¢m in
circumference, colour light green cvules erranged in twd

' regular I0ws in each loculus.

Male flowezss Arronged in tvio rows, united tepel 4.6 cm
long, 1.6 cm brosd, below tip corrugsatad, stemsns 5,

all fextile, filesment 2.5 cm long cclour white, snther
lobe 2,2 cm long, cresn colburtd. pistillcde 4.8 om long,
stigma colour orange yaliou,o.ﬁ cm in circumference, OVary
white, with raddiih ting- at the baao._l.é cm leng &nd

0.& cm broad,



Plete 6. ‘'Meanan' x 'Pisanglilin

Plate 7. ‘'Vennen' m 'Pisanglilin®
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Buncht Fosition of masture bunch 2%«40* to the horizontal
bunch weight .79 kg, nunbser of hands 5,33, fingora 59.67.

Fingers in a hand errenged loosely.

Fincera 15.32 cn long, 13.03 cmigitcumfar@ﬂce. round in

shape, fioger weight 114.55 ¢.

Ripe frules Yellow loosely atioched to the hand, rind

thick, €lssh wvhite coloursd, fit for consumption, s=uest
taste, T 5.5, 22.87 per cant, totsl sugsrs 16.79 par cznt,
reducing sugsra 15,38 por cent, non-reducing sugars l.41

por cent, éugar scid retio 23.25, heeping cuality 5ood.
Vannan x Plsenglilin (AAS, 2n = 33)

The plent is 25%.67xtall « . at élewazing wvith a
circunference of 55 cm st the bese. It takes 197 doays for
Elowering, 101,33 days from flowering to hsrvest with a
totel Suretion of ﬁ@? deys. g

Pasoudosten ds green with bleck blotches
Leaves: Peatiole 51.1 cm long, tlasping pssudosten loosely,
marainns of peticle erect znd black coloured, lozine 19% om

long 56 on broad, base of lsmina agusl, number of lsoves 28.5.

infloragcence with basal female and distsl male flowers

female axis semipendulous, male axle positively geotropie,

male flovers deciducus, psduncie leng and globrous.
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Bract: Deciducus, shouldsr low (rotiocs 0.42) cutside colour
dark purple, inside Qull purple, inside colour continuous
to base, broadly ovats, roll back'aztsz cpaning, apsxn cbtuse,

nract scers prominent,

Pamzle £icwarse Arrsnged in two rows, unitsd tepal 4.6 em

long, 2.5 om brezsd, cream coloured, lobas 342, free tepal

3.7 om leng, 3.4 cn brosd, cream coloured, below tip corrugeated,
cﬁamens net fertile, steminodes 5, filement 1.6 em leng,
anther 1cha 1.1 om long, ¢ream coloured, pistil 4.2 em long,
stigne creen coloured, 2 o Iin circumference with 3 lcbes,
ovary 7 cn long, 7 om in clrowfersnce, colour light green,

ovules arrenged in two rows 4o 'each loculus.

Mele flowers: Azranged in two rovs, united tepel 6.7 cm long,
2 cm broad, below tip corrvgated, stamens 5, all fertile,
filapent 2.5 e long, white coloured, anther lcbe 2.4 cm long,
creem coloured, pistillods 5.4 on long, stigms colour orange
vellew, 0.6 em in circumference, ovary white with greonish

tinge &t the top, 1.7 ¢m long and C.6 cm broad.

Buncht  Position of mature bunch 60-65* to the horisontel,
bunch’ueight 11,78 kg, oumbar of hends 8, fingers 117,67,
fingers in a hand axrsnged tightly.
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Pinger: 12.57 ce long, 12,1 oa circumference, round in

ghape, fingar waight $0.89 g.

Ripe frults Yellow, éightly attached te ths hend, rind
thin, not ceelsd ensily, fleah yellow coloured, fit for
consumption, Sweat taste, T.5.0. 21 per cent, totol gugass
15.64 per cant, reducing sugar 12.30 per cent, non reducing
‘ ﬂuqa}n 3.323 rer cent, sugor scid ratio 32.58, keeping

quality goeod.

Texonomic scoring

Texonceric scoring at flowsring based on fifteen
morphologicel cheracters (Table 4 and Fig.l) revealed thet
8i1 the thres hybrids were triploids. Scores obteined for
the hybrids, Agniswer x Piganglilin, Mznnen x Plsanglilin
and Vannan x Plssnglilin were 35, 40, 39 respectively

(Table 4).
Guantltative and quality characters

Tha maan valuos of the 26 cheracters of the hybrids
end perents are glven in Tables 6 to 10, The analysis of
variance of the charscters ara given in apoendices (4 to v).
The following comperisonsz were mada. |
1, The hybrids were compered with the parents.

2. The hyobride were compered anong thomgeluss.



Table 4.

Taxoncaic scoring end chromosome number of hybrids .
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a, Crowth parameters

The mean values of the growth parumai&rs viz.,
height, girth, number of functional laeves, lecaf asres per
plant and petiole la2ngth ©f the hybrids and their parents
recorded st flowering stage ars given in Table 6. Growuth
models of the hybride are given in Table S and Figure 3,
Linear growth cufveu vere fitted for describing the
variations in height and girth (Figure 3.1 and 3.2).
uadratic groﬁth curves wara fitted for cheracters like
nunber of functicnal lcaves, leaf arce and peticle length

(Eiqurﬁ 3.3 to 3.5).
(1) Height

The hybrid Agniswer x Pisenglilin (228,33) wes
lignificaﬁtly shorter than its femsle parent Agniswar
(264.67 cn) (Table 6). Hybrids, Mannan xz Pisenglilin
(277.5 <) and Vennaen x Pisanglilin (255.67 cm) were
significantly teller than both the pésents. Parents Mennan,
Vannen and Pisanglilin recorded 212.% cm , 227 om and
160.33 cm heignhts respectively,

faong the hybrides, there was cignificant varietion
in terms of height. lMybrid Agnlowar x Pisenglilin wes the
shortest among the three (222.23 cm). The hybrid Mannan x
Pisenglilin recorded the maximum heldght (275.5 om).
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Table S. Growth models of hybrids
Hybrid Equation R2 valuce
AxDP Y= 44.88 + 22.41 x 0.79
Hodght 8 x P Y = 28,67 + 26.83 X 0.82
A% D Tw 17.55 + 4.15 x 0.77
Girth MxxP b4 129‘9 -+ 4065 b4 0—95
V b4 24 T = 17.73 + 4.57 G¢75
AxD Y © «20.39 + 18.09 X -1.43 x° 87.27
Patiols MxPp Y ® «20.75 + 21.89 x =1.59 x% 86.89
length vV x P Y @ ~36.44 + 25.00 X 1,80 x° 89,69
Vx B Y= «2.03 + 4,05 x =0.35 x° 96031
Functionel M x P Y @ =202 4+ 3459 X -0.28 x° 85,10
lesves V2P Y m =2.07 ¢+ 3.96 % =1.89 x° B2L20
AxP Y@ =789 + 4,70 X =0.37 %2 91 .24
Leef szoa M x P Yo «6.22 + 4.04 X =030 32 92.48
VP Y - ~0.32 7% 90,60

w429 + 4.16 x




Table 6. NMean valuza of growth persmeters of ths hybrids and parents

Growth paroacters

etsfonon T T
{no} (=2) (o)
Agniswar x Pisenglilin 228.33  51.67 12.00 £.07 43.34
Monnen x Pisenyiilia 277.50 ~ 54.33 11.33 £.43 5345
Vannan & Pigsenylilin 255,67  55.00 19.00 8.10 51.10
Agnisuer 286.67  ©4.33 0.33 8.06 42,33
Mannen 212.50  52.50 9.33 6.18 32.65
Vannan 227.00  52.50 8.67 .46 32.75
Pisanglilin 160.33  38.33 5.67 2.63 39.67
cn (0,05) 14,77 5.10°°  0.98 £.60 3.82

§9
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(iﬁ Girth

The hybrid Agniswer x Pissnglilin showed
aignificant differcnce 4in girth (51.67 cm) from ita
poarents, Agniswar (64.33 om) snd Plsanglilin (38,33 cm)
while the cther £wo hybrids were not significontly
different from their famale pasrents. Hybrisd from the
crese, Nepnsn x Pisanglilin recorded a girth ©f 54,33 om
vhile its female parent had 52.5cm girth. The hybrid
‘Vannaé % Pisenplilin recorded & girth of 55 cm vwhersss
its £ama1§ purtnﬁ hez3d 52.8 ca girth.

Among the hybrids the variation in girth wes not
significant (Table 6). Vannan x Fissnglilin racorded s
pirth of 58 om, ﬁanﬁ;n x Pisanglilin 54,33 em end
hgnisvar x'?istnglilin %1.67 cm.

(11D Bumber of functicnal lecves

The hybridn had significantly lorger number of
functicnal leaves than their raspesctive porents (Teble 5).
'The hybrid Agnlewar x Plsangliilin recorded the maxiwum
nunher of functionel leaves (12) which wes significantly
supericr to Vannen x Pissenglilin (10). HMannan x Pissngliilin

hed 11.3 functicnal lecaves. The parants Agniswar, Mannen,




Vennan snd Pisenglilin hed 2,33, 9.33, 0.67 and 5.67

functicnal lesves respectively.
(iV’) Leaf arez per plant

Except the ﬁyﬁkiﬁ Agnisver x Finangliliu tho
other two hybrids hzd lower lesf area than the respectiva
femoale parent, chévéf 81l of them é&lﬂ!’ldd large leaf
srea than the melelpareﬁa Pisanglilin (2.@3 mz). Trie hybrid

Agnimver x Fimanglilia recoxddd'a leaf area of 8,07 w2

wnerezss Llts female parent recordsd & leaf eres of 8.06 ﬁz.

. Aryong the hybrida there was no cignificant variation
in loa! aszea {(Pable 6). The hybzia rannan 2 Plsengliilin
the
recﬁrd-ﬂ.maaimun 10&9 a:aa of Bedd u? which was on per with

the other two hybrids.
(v) Patiole length

The hybrids Hanpen x.Fisanglllln end Vapnan x
Plecngliiin were nign;ficuntlg supsrior to thoié.pnrontn
in paticle length. The hybrid Agniswar x Pisanglilin
tecezded a petiole length of 43.34 cm which was on paf
with the fumalo parent Agnisusy (42.33 cm) &y well ss the

malu parent Piltnglilin which racozdod a petiole length
of 39.67 em. '




Axong the hybrids meximum petiole length of
53.45-waa recorded by HMsnnon x® Plsanglilin followed by
Vennon x Pissnglilin (31.1 o) end Agniswer x Plsenglilin
(43,34 en).

b) Ducraticn

The Auraticn aspects such as planting to flowering
interval, flowering to horvest interval and duration of
nale nd famele phases of hybrids and perents aredgiven in

Table 7.
{1} Planting to Jlowering interval

Hybrids took loﬁgor durstion from plenting to
flonering tﬁan the parents {(Table 7). The hybrid, |
"Agnfswnr,x'?lsanglilin‘ took 153 days fram planting to
flaw;ring &nd 414 not differ significently from that
of their pﬁrcntl.' Hybrids Baonnan x Pilsenglilin ond
Vannan x Pisanglilin took 281,33 deys and 197 deys snd
were significantly higher then their parents. Tamele
parents Agniswar, Mannen and Vennan took 171.33 days,
171 Asys znd 17¢ deys respectively. HMele parent,
Eisanglilinltook 177.67 days from planting to’flewcfinq.

amgng-hybmids ‘Mannan 2 Pisanglilin® tock maximum
nuRber of deys from planting to flowering (218,33) and

—_t

— =2



Tobie 7. Mman wvalues of the duraticn of the hybrids z2nd parents

Buration {(Qeys)

Hybrids/parents §3'2§;§§r_ zécuering iianting vele phase Female

. ing harvest hearvest phess
Zgniswar x Pisengiilin 183.00  208.00  292.67 102.67 5.33
Monnan x Pisanglilin 216,33  117.33 335.67 113,87 4,33
Vennan x Plgenglilin 197,00  101.33 257,00 _'92.67 7.00
Agniswar | 171.33  139.00 310.00 132.23 5.33
Hennan 171.00 56.00 257.00 97,00 3,67
Vannan 174.00 70400 2€4.00 | 63.00 | 5.67
Pisenglilin’ . 177.67  107.67 284,00 93,67 7,67
ch (0.05) o 14,46 9,90 14,59 . 5.98 1,03

¢l
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the.
and Agolsver x Pisanglilin took leest number of deye
(163.00).

{14) Flowering to harvest

Hycrid Agniswer x Pisenglilin tock significently
lessor time from flowering to harvest (108 deys) than ths
female parent, Agniswar (139 deys). However it was on par
with the male parent, Pisanglilin (107 days)s The other
two- hybrids tock significently more times thun thelr

respective fenale parente {(Teble 7).

Among hybrids & durstion 117,33 days was recorded
by Monnan x Pisanglilin vwhich was on per with Agniswer ;
Pisenglilin (168 days) and:gﬁgnificanely higher than that
of Vannen x Plsanglilin (103,33 Asys).

(111) Plenting to harvest - Total Suzetion

_ Tha hybrid agniswer % Pisanglilin (292,67 days) ves
earlier than its female perxent Aguiswer (310 deys). Other
two hybrids hsd lconger duration than the parentz, The mole

persnt recorded a totel Suration of 284 Qays.

fmong the hyhrids Mennsn x Plaenglilin tcok maximum
nuther of days from planting to harvest (sss.é?ldays) £ollovad
by Vannen » Plesenglilin {297 days) éhich wag on por with
agnisver x Pisanglilin (252.67 dsys).



(iv) Femele phase

y : The hybrids Agniswar x Pisanglilin end Msnnen x
Pissnglilin 4id not differ significently from their
respective female porents in termn of femele phese but
showed oignigicant variaticn from the maly parent. Vannen x
Pleanglilin showed significant difference from its female
pazent, Vamnan (5,67 days). The male parent Pisenglilin
took 7.67 duys to complete the female phage.

Among hyhxida,-thnan % Plegnglilin took more
days to complete the femala phase (7 days) wheress Agniswar x
Pisenglilin and Mannen X Pisanglilin toock 5,33 days and 4.33
days respectively.

(v) Mzle phase

AN

There was ligmificant variaticn ﬁmmng:;hybxid-
and parcnti in terxs of mazle phase (Teble 7). The hybrid
Agnizwer x Pisanglilin tcok less t}me to cmiplete the male
phase (102.67 dsoys) than its fomale parent (132,33 days)
wheress the other two hybrids took more daya fbr the eapleticn
of ﬁalo phase (Table 7). %he male perent Fisanglilin racordod
93.67days a3 mele phese which was on per with the hybrid
Vannen x Plesnglilin (92.67).
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Among the hybrids Mennsn x Plsanglilin recorded
maxlimum mele phese (131,67 deys) followed by Agniswar x
Pisonglilin (302,67 deys).

Ce. Bunch chorsctery

The mesn velues of bunch choracters vis., bunch
waight, nuber of hande 2nd fingers, hand vwelght ond nurber
of flngers per hend ara summerised in Tablt'ﬁ. With xéspect
to Bunch choracters such as bunch weight, hand weight and
numbor of hands hybgids ware found to be supsrior to the
perents. Amcng hybrids Vannen x Pisanglilin was found to be

eignificently supericr to thz other two hybrids.

Bunch weight

/

iith reapect to bunch waight the hybrids, Agniaswer »
Fisenglilin (21,33 kg) 2nd Vemnon x Plsanglilin (11.78 kg)
beheved asignificently superior &0 the psrents. The hybrid
Hannan x Pisanglilin (6.79 kg) recorded hicher volues than
its paranta with respect to bunch weight. Tha paronts,
Agniswar, Mennzn, Vennsn snd Pisenyglilin recorded bunch

velght, 5.28 kg, 6.25 HJg, 3.75 kg and 2.3 kg respectively.

Apong the hybrids, Agniswer x Pisanglilin gecordsd

meximum bunch wolght (11,63 kg) which was on por with



Tshle B. Mean volugs of the bunch characters of the Wybrids ond parents

Bunch chagacters

Hybrid Bunch tiand Noxbey Mumhay Eusber of
wvedght welght of of fingers/
(kgf {G) hande -  fingers hand
agniswvar x Pisangiilin 11,33 1341.57 6.00 74.33 12.39
Mennan x Pisanglilin €.79 1066.00 $.33 69.67 11.38
Vernon x Pisanglilin 11.78 1324.17 2.80 117.67 14.63
Agniswar 5.28 780,00 5.67 75.00 13,25
Honnen é.:s 78%5.00 7.33 73.50 9.33
Vannan 3.75 520,00 3.67 80.50 14.00
Plsenglilin 2,30 650400 4,00 50,00  _ 12.50
co (6.05) 2416 160.64 2.04 16,23 '1.43

9L
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Vennan x Pisanglilin (11.78 kg) followsd by Mennen =2
Plsanglilin (6.79 kg)e

Hend welght

Al) the three hybrids were significently superior
to the parents with respsct to hand weight (Teble 8).
The hand weights racorded by the parents Agniswar, Mennsn,
Vennen and Pisenglilin were 790 ¢, 785 g, 520 g, and
650 g respectively. HAmong the hybrids, Agnlswer %
Plsenglilin recorded maximum Hend weight (1341.67 g) which
wes on per with Vennsn ® Pisenglilin (1324.17 g).
The hybrid ‘dannan' x ‘Piscnglilin® was significently
inferior to the other two hybrids (1066 g).

- {111) Bumber of hands

Tha hybrid igniswar x Plsenglilin did not Aiffor \
sispificantly €£rom female parent with respect ¢ number of
hands in the bunch while the other two hybridas showed
algnificant varlation fxﬁm female parant. Vemele narents
‘Agniswsr, Mannan ond Vannsn had 5,67, 7.33 and 5.67 hands
per bunch wvhile the mele parvent Pisanglilin produced the

lecst numbsey of hends per bunch (4).

Aqong bybride Vennan # Pleanglilin hzd wmamximum

aumber of hands por bunch (8) followed by Agninwa£~x




Plates 8 to 10 Hands of hybrids

Plate 8. 'Agniswsr' x *Pisanglilin’



Vute %



Plets 9, ‘Mannan' x 'Pisanglilin’

Flate 10, ‘Vannan' x 'Pisanglilin’
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Pisenglilin (6) which was on pzr with Mapnnen x

Pisanglilin (5.33).
{iv) Kvumber of Zingers

With respect to nucber of fingers per bunch
the hybrid Vennsn x Plganglilin recorded 117.67 fingers
per munch vhich was giqnificantly superior to its
perents Vannan end Pisanglilin (80.5 and 50 respectively).
?he‘hybzsé Agniswar x Plgangllilin produced T74.33 fingers
per Sand which wag on per with its female parent {78),
The hybrid Mannen = Plsangllilin produced 59.67 fingers
per bunch which was lesger then its femele perant (73.5).
The hybrid Vennan xn Pisenglilin produeed 117.67 fingers
per bunch whilch was signiZicontly supszior to ilts femels
parent (80,5). 7The male parsnt,Pissnglilin produced S0

fingeres par bunch.

The hybrids showed uignlfic&nt vaeriaticn in
tecms of number of fingers in the bunch. Maximun number
way recorded by Vennen = Pisanglilin (117.67) followed by
Agniagwer x Pinénglilin (74.33) end Hanﬁan x Plsangldlin
(59.67).
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n
(v) tumber of fingers/hod )

Amony hybrids, Mennen X Pilsenglilin recordsd
significently higher veluss for pumber of fingers per
hend (11.38) ¢han dtas fomole porent (9.33) while the
hybrids Vennen x Pizsnglilin (14.63) and Agniswar »
Pisanglilin (13,23} 4id not shov significent variatiéh
from thelr femsle parents (14 oand 13,25 respectively),
vhen compored with the mele porent Pisanglilin (12.5) the
hybrid, Vennen x Plsanglilin hed significantly highsr number

of gingere per hend.

" Among hybrids, Vennen x Plssnglilin had
significantly higher wvelues than the other ¢wo hybrids and
1t recorded rmaxinum number of fingers psr hend followed by

Agnlswar 5 Pisenglilin ond Mennan x Pisanglilin,
d. Pinger characters

Meon values of finger charsoters such as pedicel
length, finger length, finger glrth, fingay weight end

pulp/peel ratio are summorizsd in Tebleg.

{1) Pedicel length

Hybrids were significantly inferior to the perents
with respact to pedicel length (Teble $). Thore was

nigaif;cant variation amcpng hybrids. The hybrid Agniswar %



Table 9. Mewn valuss of finger characters of the hybrids and perents

Pedibﬂl Finger Tinger Fioger Pulp/pesl
tivbrids/pacanta lengih length gipitn weight gatlo
{em) {em) (om:.) (g?
Agmiswar x Pissnglilin 1.87 16.77 12,37 a7.14 1.60
Mennan x Pizenglilin 1.47 15432 13.03 114,55 2.14
Vannen x Pisanglilin 1,20 12,57 12,10 90,89 - .80
Agnizwar " 2,10 12.00 7450 45.00 2.72
Kannan 2.15 11,38 B.75 58,73 1,52
Vennan 3.00 10.48 10.25 45.50 1.70
Pigenglilin 1.67 15,25 Gal6 38,50 1.66
cv (0.05) 0.26 0.85 Oadd 0.22

B.23

08
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EiséngliZin.haﬁ moxdmun pedicel length (1.87 cm)
followad by Mepnen x Pisenglilin (1,47 cm) end Vennen x

Pigenglilin (1.2 cm).
{11} Pinger isngth

ha hybrids were significently superior to ths
fomelc paéﬁnte with respect to finger leangth. When
compared ¢o the male perent Pissnglilin (15,25 <), the

hybrid Vennen x Pisenglilin hed shorter fingers. Within

the hybride elsc vaxieticn;ﬁn finger length was significant.
The hybrid Agnisver » Filsaaglilin had loager fruits
(16,77 ca¥ followed by Mennsn x Fisanglilin (15.32 om)

anfl Vennen x Pisanglilin (12.57 o).
(114) Pinger girth

The hybrids were found to he zuperiocr €c both
parents with ras;ucﬁ to finger girth (Tsble 9). Parents
hgnigwaz, Mannan, Vannesn and Pisanglilin recorded Fingeor
glrtha 7.5 cm, B.75 em, 310,25 Em end 6410 cm respectively.
Within the hybzlds maxloum finger girth was recorded by
Mannan % Piaanglilin (13.03 emd. Hybrids Agnisvar x
Plsenglilin (12.3% o) and Vennan x Plsanglilin (12.1 cm)

welre on DEr,
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{iv} Finger welight

Hyoxdde were gignificantly dupericr to perents
with respect to fingér waight (Toble 9). Parents
&dnismur. Honnah, Vennan and Fisanglilin hed finger welights
45 g, 58,73 g, 45.5 g end 38.%5 ¢ raspectively. anmong the
hybrids Mannan x ﬁiaenéliiin had produced fingers velgndng
144.55 g which was spignificently superior to Agniswar x
Pipangiilin (87,14 ¢g) and Vannen x Pisanglilin (90.89 g)

wiiich were on par;
{v)Pulp/peel ratio

Excapt the hybrid Agnisvar x Piganglilin other
two hybrids were significantly supericr ¢o the psrents with
respect to pulp peel retic, The hybrid Agailswor =
Pisenglilin recorded a pulp/peel ratio of 1,61 while itas
rarents, Agniswer and Fissnglilin rascorded pulp/peel xzstics
2.72 and 1,66 respectively. The porents Homnen snd Vennan

recoxded pulp pesl ratios 1,52 and 1.7 reapectively.

&

Thore was significent differencs smong hybrids 4in
taxma Of pulp peesl ratic. Haximum pulp peel gotlio was
recorded Ly Vannoen n Flsenglilin (4,8) followa? by Mznnan x

the
Pisenglilin (2.14) snd lesst by Agniswar x Pisanglilin (1.6).
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@. Guality charezgters

The data perteining ©o quality charsctexrs such
g8 totel soluble solids {Tu3) scidity, reducing sugers,
nonwyeducing sﬁga:s, total sugers end sugar acid ratie )
are given in Table 10. The hybrids were suparior to the
parents with respect to 735, acidity and non=reducing
sugoge while wlith respect to reducing sugers, total sugars
aitd suger ecid ratic parents werae superioy to the hybxlds
Hale parent Pisenglilin ves inferior to all others in all

the guellty charecters.
{8) Total soluble sclids

Bxcapt the hybrld Vannsn x Pisanglilin, cothar
two hybrids weee superior to the parents. Vannan x
Pisengiilin recorded 21 por cent TSS which waa on per with
the female pavent Vsnnan (21.5 per cent). Femels parznts
Agniswar snd Mahnan. recorded TS5 velues 21,33 end 21.%

and male parent Pisanglilin recordsd 19 per cent.

There was gignificant variation among hybrids with respecl
to T58. Agniswor x Pisanglilin recorded momimum T53
{24 pexr gsant) followed by Mennan x Pissnglilin (22,67 per cent),
{14) Acidity

Except the hybrid Vannen x Pisanglilin other hiybrids

‘showed aignificent variotion in ecidity wnen compored with



Teble 10. Hean voluss of quality chersctezs of the hybrids and parents

T.8.8. - Agldity Reducing [Honegradu=- Totel - Sugey
mepets G0 G0 T e gt ool
Agniswer x Pisenglilic 24.00 0.53 9,78 3.22 13.00  25.82
Hannan x Plsangliiin 22.67 'B.ﬁ? -15.38 .1.41 16,79 25425
Vznnan x Pisanglilin 21.00 .48 12.30 3.33 15.64 32,58
Agniswar 21.33 6.44 11.70 1.39 $3.09  20.28
Mennan 21.50 0045 16.59 1,09 1782 39,10
Vennan 21.50 .46 14,50 2.28 16.78 37.15
Pisanglilin 19.00 ©.24 9.3 0.97 2.35 34,32
co (0.05) 0.75 0.06 1.2 0.4 1.19 2.14

78
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pixcnta. The hyibrid Vannan z Pisanglilin recorded an

acidity of 0.48 par cent where ac i1t¢s femele perent recorded
0.46 per cent acidity. The parents 2gniewey, Monnan and

~ Pimenglilin recorded aciditcy wvaiues C.44 per cent, 0,45 per cent

and 0.24 per cont cespectivsly.

Among the hybride slso significent varietion in the
percentege ©f aciditcy was observed. Meximum percengage of
gcidity wss recordad by Mennen x Plsanglilin (0.87) followed
by agniswaz x Plsanglilin (D.S1).

({11} Reducing sugs:sa

With respect to reduecing sugar content hybrids
vare inferior to the female perents, but supsriocr to the
male parent, Plserglilin (7.33 psr ceat). Fanale parents
agniswvar, &annan.&nd Vannan had reducing suger contents

11.7 per cent, 16.59 per cant and 14.5 por cent respectively.

There wes glgnificant voriation smong hybrids in
torms of reducing asvgar content. The hybrid Mannan x
Pisanglilin recorded meximum reducing sugar content of
15.38 followed by Vennan x Pisanglilin (12.3) end Agniswer x
Pleanglilin (5.78).

{iv) Nonereduelng sugars

The hybrlds Agniswor x Pisanglilin and Vannea x

Plsanglilin vwerz significantly superior to the pazents in
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noenwreducing sugar content (Teble 10) wherees in the

case of Mannah x Pisanglilin, &the diffarence ;m
neh-reducinq sugar conﬁent was noct gignificant. '

The parenta; Agniswar, lannen, Vannsn and Pisanglilin
racorded non-reducing suger contents of 1,39 por cant,

1.00 por cent, 2.28 por cent and 0,97 per cent rospectively.
among the hybrids, Vennen a Pisapnglilin reccrdad s value

of 3.33 pef cant which wes on per with Agniswar x
Pisenglilin (3.22 per cent) and lcast vzlue was recorded

by Mannan x Pisangliilin (1.41 por cent).

(v) Totel sugors

With respect to total sugsr <ontent, hybrids were
¢n paxr with thae female parents and auperior to the mele
poerent Pisanglilin (8,35 par cent) and also differed
significantly arong themgslves, Yemeale parants, Agniswar,
Mannan end Vannzn had total sugar velues 13.09 per cent,
17.62 per cont snd 16.78 per coent respectively. The hybrid
Mennan x Plszanglilin secorded the meximue value (26.79 per cent)
which weo on per with Vannen x Pisangiilin (15.84 per cent)
and the loast value was recorded by Agniswar % Pissnglilin
{13,0 per cent).

(vi) Suger acild retio
Hybrids were inferior to tho parents with resaspect

to suger acid ratio. The perents Agniswvar, Mennan, Vannan
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and Pisanglilin racorded highexr velues for augay escid
ratioa, 30.28, 39.1, 37.15 and 34.32 respaectivaly.

Among hybrids Vannen x Plsanglilin recorded the highest
value (32,58) which was significently sﬁperior to other
two hybrids, Agniswsg z Plgenglilin (25.82) and Mannen x
Pisanglilin (25.2%) which were cn par.

4, Mala fertility

All the three hybrids were found to produce
eoundant polien in their mele flovers. The pollien of the
hyborids were compared with the pollen of male parent
‘Plganglilin'. Femele parents °*Agnisvar®, Mennan and
Vannan we:e.fsuna*to be non pollenifercus, ths snther

lotes of vhich were black and dry.

Tabls 11 gives an account of resunlts of rollen
studies vic., pollen size and polien fertility of hybrids

and the male pagent.

8. Follsn morphology

The pollen groins of the hybrids end the msle
perent, Plaenglilin wsre found %o have similar morphological
features. The grains eppesred as creoamy whits powdery mass
to the noked eyes, The greins vwere sphericel in shape.



The intine and exine vere clearly visibla., The exins

wers smooth and unifoxm in thickness (Plstez 11 to 4 )},
be Follen size

The pollen groins of 2ll the three hybrids were
bigger then that of the mele psrent (Teble 11). Among
“the hybrids Vannan x Piaanglilin hed pollen grains of
biggest size (130.91 p} followed by Memnan x Pisanglilin
(126.31 p) end Agniswar » Pisenglilin (124,22 p).

The pollen greins of Pisanglilin were 119.98 p.in dlemeteor.

Ce Pollen Sertilicy

The rasults of the studles on pollen fertility
by =zoetocermine gtaining tachnique of the hybrids and

the male parent are glven im Teble 11. Asong the hybrids,

Hybriﬂ Agnlaswar x Ploenglilin had the highest fertilicy
of 69.9% per cent followed by Mannen x Pisanglilin

{56.85 per cent) ond Vennen ® Pisanglilin (54,63 per cont).
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The male perent Fisanglilin hzd a fertility of 63,95 per cent

vilch wes aignificantly higher then that of the hybrids,
Se Female fortility

To ngsess the fertility stotus, the hybrids were

crogsed with Plsenglilin es male parent. The doteils of



Piatesll ¢o 14. ©Pollen groine of hybrids end male parent
stoired in acetccarmina { xtooo )

Plate 11. ‘'Agniswar® x ‘Pisanglilin’®

Plete 12. ‘Mennen' x 'Pisenglilin’
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Tahlé il. Péllen size and fertility of hybrids and mele psrent

s

Hyhriﬁs{parenﬁs Pollen =zize Pollen fertility
: (Gizmater in p) (per cant) -
Agnigwer x Pimanglilin 124,22 59.99
Mennen x Plsanglilin | C 126,21 56.85
Vapnnan x Pigenglilin 130,92 ' 54,63
Pisenglilin 63,95

F115.96

68
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crosses and seed 3st cbtoined ere furnished in Table 12,
Pomale fertility of the hybrids wes cumpared with thelr
fenale perents., Teble 13 and 14 show the patteen of
fercility of hybrids and tﬁe fomale perants vhen crossed

vith Pigsanglilin.

The results of the crosses showed that, sll the
thres hybrids were fertile and campetible with Pissnglilin,
&monyg the three, the hybrid A¢nigwar x Pisanglilin wes
nore fertile Zoillowed by Hennen X Plganglilin and Vannen x

Pisénqlilin.

With respoet ¢0 seesd yield per bunch female parent,
Agnisvar recorded a seed set of 20,50 per bunch whereas
the fertile nbea Agnlsvwar x Pisangliliq produced 13.5 sceds
por bunch, agnisvar produced sceds upto sizth hand with
poximum nurber ©f sgeda in third and fourth hends (4,50},
The hybrid Agnisver x Pisanglilin produces s20ds upto Fifth

hend with the moximum nunber of seads in the second hend (5:5).

Pamele perent Hannen racorded a seed set of
2.5 per buuch whsreas tha hybrid Mannen » Pisengliilin
produged 1.5 seeds per bunch. Menmnan produced zeeds upto
sixth hand with mamioum number of seeds in thipd end sixth
hends. The hybzid Hannen x Pisanglilin produced sesds upto

second hend with maximua number of sezds in the second hand.



Teble 12, Sead set in crosses hetwesn the hybrids and noele parent Plsanglilin

Bunrbagr of flovers pollinated Bumber of gecds cbiained
Hybridas -
Ist Iing Total Iat Iind Total
Cross CIoss CLOSe cxreas
Agnisvar xn Pisaenglilin 70 75 145 i2 i5 27
Hannen x Pisanglilin 63 79 142 1 2 3
Venuan x Fisanglilin 113 123 238 2 1

18



Tablg 13, Pattezn of fertility of hybrids with respsct to positicn of heads

3

. ' . o Hean Xo. Moan Hooof
91. Hiybrids ﬂgsézégg Humbar of sceds in hand of mecds/ seedn/
Ho. Ist Crosg 11 Crose Toral nand bunch
Agnigwar = Plsonglilin i 2 3 6 3.9 13.5
2 5 6 11 5.5
3 3 2 e 205
4 1 2 3 1.5
s i 1 2 1.9
Total 12 is 27
2 Monnen x Pisanglilin 1 - - - - 1.5
2 3 2 3 1.5
Total 3 2 3
3 Vannan = Plsangliilin 1 - - - -
2 2 i 3 1.5 1.5
3-8 - - -
Total | 2 p ] 3
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Table 14, Pattern of fertility in femele perents with respect to pesiticn of hands

Numbesr of sseds in hand

Moan No.of

ﬁean Rn.
81, Pamsie Position S
_ of seeds/ seeds/
Ho. / parents of hand izt Croma 1IXI Croes Sotal hana buenenh
1 Agniswar 1 3 4 7 - 35
2 3 [ 7 3.5 20.5
3 £ 5 9 4.5
' 4 2 5 9 4.5
6 3 3 & 3.0
7 - o - 2.5
ol 22 41
2 Hennan 1«2 - - - -
3 2 - 2 1.0
4 -5 - - - - 2,5
6 2 b 3 1.5
7 - - -
4 1 s
3 Vannan i - - - -
2 2 1 3 1.5
3 2 i 2 1.0 2.5
4“5 - L -
3 2 5

e6




Femole parent Vamnen recorded 2 sced set of
205 pear bunch wﬁereaa the hybrid Vannaen » Plsenglilin
produced 1.5 aeé@s per buncii. Vannan prodeced seedls upto
third hend with maximur nunber of seeds in second hand,
The hybrid Vannmn-x Piszenglilin produced 1.5 saads per

buanch with maximm nunber of sesds in seccnd hoend,

Bs Zrbryo culture studies

To got sgeda for ambrye culture, Palayankodan
end Mendren 33 fesmele parants were orossed with Pluénglilin
tho mele pagent. & ©tsl of 47 seeds were obtained from the
cross 'Pslayankedaen x Pisangliiin', Srom the cross Rendren =
Plaanglilin, 11 seeds were chiained (Teble 15) which wers
£lat and without endesperm. Seeds from the cross
Palayenkodan x Pisenglilin vere used for exbryo culture
studies. OSeeds vere collactad from well ripe bunches. From

immature bunches embryovs were destroyed during exceion.

Patitern of sead set in the two crosses sre given
in Table 16, Compariscn of sesd ret in Jdifferont hends
showed that bosal hends wers more fertile than the distol
ecnes. Prlayankodan produced geeds upto the oizth hand with
the mexixum sard set in second hend (5.66) 2nd the leest in

the sixth hend (1). In Hendran seed set was noticded in the



| Tsble 15. Seed set in cresscs of Faleysnkodan x Pisanglilin and Nendren x 7isanglilin

Xunber of flowers pollinated

Humbhar of seads obtairnad

gl' Croasas
0. I T3 11X Potal X 3z Iix Total
Cross Crosa Czoss Cross Cross Cress
3 Palayankcﬁﬁﬂlx 161 142 1286 429 20 15 i1 47
Piserglilin '
2 RNendron x 45 43 43 137 F 3 4 11

Yisanglilin




Teble 16, Pattern of fertility with respect to posltion of hands

. rosition Rumber of seeds ih hands ¥esn No. HMean Fo.
gé. Perents of gfedq/ ggeda/
1. Pelayenkedan x i 3 2 3 6 2.00 15.66
Piganglilin 2 7 6 4 17 5.66
i 3 g 2 3 112 3.66
-} 2 2 p | S 1.66
5 2 2 1 5 1.66
] 3 i 1 3 1.90
? hd 10 - - - - -
Total 20 is 1z - 47
e Nendren = i 1 1 1 3 1.080 .66
Plsanglilin > 2 2 2 & 2.00
3 1 - 1 ° 1.66
4 - - [ ] L} -
s L - - - -
Total 4 3 & 11

96
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first and second hands with the wmekximam of seeds in the

second hand (2).
<. Enbryo culture

Beads vwere surfage sterilized with I per cant AghO,
for 10 minutes for the sterilissticn of embryos. A
nodified ¥nudson's medis contsining Bsrthelots salts was
used for culturing the enbryos. GCompsotion of the msdia
u;ad is given|1n Table 2. Germination cccurred as a growth
of white mass of cells called cellus (Plate 15). The céllus
tissue was covered with very small white halr like
structures, From this callus roots and ihoeta were produced.
Sheots sppeared sz small gresnish tubular ocutgrowths from.
the callus tissue (Flates 6 ¢t¢ 17 ). Prcm cne ¢contimeter

long tubvlar outgrowth £irat lesf ssparatad,

In zolid wedie within cne week of cvulturing callus
tisatus was preducsd and 1ﬁ another ¢ne week roots ware
produced shoot formetion occurred within thres weeke of
culturiag,.

o Embryss cultured in the liguid media (modified
Knudson'’s madie without ager) germineted sarlier than the
'cmbrfoa cultored in 20118 media., In liquid redia callus and

Foot formation cccurred within one week of culturing.



PlateslsS o 17. Response of cultured eshzyos in
liquid media,

Plate 15. Enlargement of embryo into callus
(Four days after incculation)



Plate 15.



Plate 16. Formeticn of shoct fxom the callus
(14 dAays sfter inoculstion)

Plate 17. TFlantlot wizth single lesd
{21 days aftor inceculaticn)



LI



Teble 17. Response of cultured embryos in the media

Hurbsr of embryos Humber of cezllus Raot fonnotion  Shoot for=

£ % ef
incculeted : formed . mation germination
30 24 24 24 &d

Teble 18. Respcnse of erbryes to different culture medlasg

Tirpz tzhken for germinzticn

st * ¥ mg produce esllus To produce reots  To produce
shoots
Solid media (Modified Krudson's © 7 14 21
melia with agar)
Liguid madia (Molifisd Rnudscn's C 4 7 14

madie without agar)

§6
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Culture tubes meintsined at 16 hours light ot 25°C
rroducad noscmal plantlets. 80 per cent of thoe cultured

enbryos germinatsd snd produced transplonteble plantlots.

Growth of the plantlets at Jdiffercnt intesrvals
are ghcwn in Teble 19. %he mezn shoot length recorded
was 1,27 cm after 10 days of germination with 2 mean number
of leaves 0.8, An averesge of 7,93 roots were produced
per plantlets. Sevenfy days after gerainatiocn, the shoot
length reccorded was 5.43 cm with a mean nunber of leaves
4.55., Avorege nurber of roots per plent wasz 13,25. At
thia_ﬁt&ge the plantlets wegz teken out of test t@bts for
hardening (Plate:18)

Hepdendng of the plantlets

in the filrst m2thod of hardening, where the
pleantlets were kopt in test tubes conteining distilled
vater for four Jdays and then planted in smell polvthene
bags contalning vermiculite, the plantlets shoved goor
growth. But in the second methsd, whers tha plantieta
were kept in nputriant sclution and then gamoved to polythene
bags conteining powdered sand and vermiculite plantlets

showed normal growth (Teble 20).

N

Buring the hardening pericd cbzorvations wesre

recorded onthe morphologlesl charecters ruch as shoot 12ngth,
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Table 19. Crowth of plentlets from embryo culture at conthly intervels

Shoot length Husher of Humber of
{in om} lssves £O0tS -
10 dsys after germinsticn 1.27 0.80 7.923
40 daye after germinaticon 3,13 1.86 12.32
70 doys after geramination 5.43 4.58 13.25
Shoot langth Husber of
in ¢m “lesves Girth
10C¢ days after germination 7.61 65428 1.33
130 dayz2 efter germination 13.56 .00 2.10
160 days after germinaticn 17.56 10.94 3.34.
120 days after germination 23,13 12,32 426

001



Teble 20. Crowth of plantlets from snbryo culture medis during different

methods of hardening

Shoot leagth (cm)

¥Number of lecves

I method IXI mathnd

Izt method II method

108G days
130 days
160 days
130 days

after germination
after germinatlicn
efter germination

after garminaticn

6.0 {a)
7;9 {2)
11.25(a)
13.43(a;

7.61(b)
13.56(b)
17.56({b)
20.13(b)

S.00{a)
6.00(a)
7.33{a)
9.50(a)

6.22{b)
9.00(b)

10.54({b)
12.32(b)

{0) Averzga OFf 4 values

(b) Avercge of 10 values

101



nunbay of lsavas and glizth of pleants (Toble 19).
Seedlings of 190 deyz age hed 12,32 leaves and vere
20,13 em in helght (Flate 19).

4, Planting cut

Sepdlings of 190 days asge waro trengplanted
tc mud pots contalning potting mixture (sterilized
using Ge.1 per cent Emisen) in the retio 131:l sand, socil
and cowdung. There wos 100 par cent survival of the

plantlets.

102,



Plate 19. Plantlets ready for trensplanting
{(Six months efter germination)



Plate. 19.
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DISCUSSBICH

In the present studies on the evalustion of
hybrids, three hybrids evolved in the Kersls Agriculturel
University viz. Agnigwer x Pisanglilin, Mannan x
Pisanglilin and Vannan x Pinaﬁglilin vere qvéluatad slong
with the parents. The varicus characters like growth
perameters, duration aspacts, bunch #nd finger chagacters,
cualicy chaéactera. fertility aspects and ploidy.lavel of
the hybrids were studied in detell and were courpered with

the perents,

In banana, naturally & vegetatively prcpagated
crop, the main limitations in hybridisation progremme is
the low seed set obtainod‘}n many ceses. The breading work
has to be carried cut on & large scale to produce adequate
nutber of seeds. In many cases soed yield is about
.1=10 seads per bunch, thé lower numbers being most frequent
2nd often a bunch may yleld no secd ot all., Further more
seed gormination is very difficult ¢o obtain undof naéural
conditions. Simmonds (1952); Stotzky et al. (1962 a,

1962 b)s and Krishnakumar (1987) have tried different seed

treatment methods to enhance the germination of benanz secds.
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The different methods were found to bs dsleterious and
often lsothesl. Thus the need for a new technique for
enhancing the germinstion percantege of hybriﬁ seads Of
banana has besn envisaged by many workers (Cox et al., 19607
Stotsky et @l., 1962a, 1962 by Shepherad, 1968; Rowe 2nd
Richerdson, 197%, Krishnskumor, 1987)0.

2rmong the variocus gdible diploids employed in banana
hybridisation et the varicus centres of the world, Pilsanglilin
is the importent one. According to Siswonds (1966) it was
the first edible diploid to be intensively studied cytolo-
glcally end the first also to be used in banans breeding and
has contributed to the constitution of nearly all the male
parents bred for use in banana hréeding. High male fortility
status of Pisanglilin slse increases its usafulncss as &
potentiel mele parent in hybridisaticn progromme. Among the
thres mzle parents used in hybridisation prograommes by
Krishnekumer (1987), namely 'Pisanglilin', 'Sanna chenkadali'
and 'Tenget' only Pissenglilin wez found to be compatibila,
Female fertility of South Indian Bananas, Pelayankoden,
Hendren, Agniswer, Manran, Vennan and Rasthall has been
reported by Kaxﬁacharya (1984) end Krishnakumar (1987). Among
them Pzlayenkodan recorded highest fertility wvhen crossed

with Pisenglilin followed by Mendran (Krishnekumer, 1987).
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Heo recorded a seed yleld of ;02.95 par bunch from the

cross Palayenkodan x Pisenglilin end 13,65 from the cross
Nendran x Plssnglilin. But the grrminetion perxcentage of
these seeds were found to be very poor even when they were
subjected to variocus seed treatments. Thus & nevw methcd

for increasing the germinaticn psxcentage ¢f the hybrid seeds
for the recovery of hybrid plants was found necessary. With
this idee in the present study émbfyc culture methed wal.
tried for the hybrid sceds. Seeds from the croszs bendran x
-Piaanglilin were found to be flat and without endosperm.
Hence sesds from the ¢ross Palaysnkoden x Pisanglilin were

used for the study.
Studlies cn hybrids

The three hybrids, viz., 'Agniswer’ x ‘Pisanglilin’,
‘Mannen' x ‘rissnglilin' and 'Vennan' x 'Pisanglilin’® were
found to be triploids {(2n = 33) with AAB gencmic group cu
cytological studies and texcnomic scoring at flowering es
suggested by Simmonds a2nd Shephered (1955). Cytologicsal
studies have shown that the female perents Agnlswar end
Vannan are diploids (2n = 22) of AB genome. and the mele
parent Pisangiilin is diploid (2n = 22) of AXA genocme. Since .
these two hybrids are triploids, it is clear that the
maternal parent dces not undergo ncrmel meiosis, instsad

produces unreduced diploid gemetes. The paternal perent
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undergoes normal melosis and produce haploid ymsetes.

The progenies of Agniswar x ?1:mg1111u snd Vennan x
Pisanglilin ere thus triploids, %he earlier breeding
investigaticns alac obtained similar results in cytological
study (Cheesman, 1931, 1934 Chsesman and Larter, 193%;
Larter, 1935). Larter (1935) had explained the production
of t.gt::apleid frem the crose Gres Michel x Robusta, vhare |
the progenies ariss x‘f:m- triploid Gros Hichel eggs and
haploid Robuste pollen.

The fomele parsnt, Mannen is triploid (2n = 33)
with AAR genome (Velsalakumaeri, '1984). The hybzid from
the cross ‘Mannan'® x'Pisanglilin' wes found to be a triploid
vhich m2y be Gue to the f£aet thlt‘thc tetrzploid perent
during melcsis mey p:édu::e dipleid gametes also which when
go:nhinu u:!.t".h h’tplold gwiste from male parsnts, thliliﬁ
results in the production of a triploid hybrid plant which
is in agresmsnt with Chuman‘ll studies (1932 b). In
Cheesazn's studies both tetraploids and triploids weme
obteined vhen Mysore (AAB) u1as crossed with Muss malaccensis.

Taxcrnomic scoring 8t flovering bassd on Fifteen
morphologicel chzracters (Teble 1 and Pigure 1) as suggested
by Sémeonds snd Shephored (1955) reveeled that all the three
hybrids wers triploids. 8cores obtoined for the hybrids,



Agniswar x Pisanglilin, Mennan x “isanglilin end Vannen x
Fisanglilin were 35, 40, 39 respectively (Table 4).-

There uai significent veriagion ssong hybrids for morpho-
logicel characters such es height and petiole length.

The hybrid Agnisvar x Pisanglilin was the shertest anong the
three hybrids while Mannan x Pisanglilin was the tellest.
Ths pasudosteia of the hybrids were marked@ with dark brown
biotchoa. Male flouo:; of the hybrid Hﬂaﬁﬁéng R Pilenglilin
cculd be easily distingulished by the reddish tinge at the

base of the overy.

The hfb:ld.Agnilwl: x Pisanglilin was the -hoggcst
among tﬁe three end it was shorter than the fenmale pa:cﬂt.
Agrniiswar, but it hed maximum number of functicnal leaves at
flovering. HMorpholegicel description of benana hybrids hes
been given by Cheeamen (1932 a, 1932 b, 1934, 1929);

Larter (1935); Nsir (1953); Ramen (1976) and Krishnakumer
(1587). Krishnakumer (1987) has given the morphological
description of hybrids of same parentige. Amcong the hybrids
cbtained from the cross Agnisvar x Pisenglilin, Hybrid No.T
and Hybrid No.III were similer and reserbled female parent
whereas the hybrid Ho.II showsd limilaxit§ with mole parent
vwith respect to morphologicel chsracters. All the hybrids

head ﬁokc or less similerx florél Ccharacters. Hale flowers of
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the thraee hybrids in the pressnt study had similar floral
eharscters except for & reddish tinge at the base of overy

of the male flowars of the hybrid Hanmnen x Pisanglilin.,

Crowth nodals. were fitted for deacribing the
vaeriations im morphological charczetexrs of the hybrids (Table 5
and FPilgures 3,1-3.5). Linesr growth curves were fitted for
describing the vaziatiaés in height and girth (Pigures 3.1
ard 3.2). The velues for these characters goes on increasing
upto c&:téin stegs l.e. upto flowering and later thnere is no
chenge in the volues., Quadretic curves were fitted for
cherecters like number of functional lecaves, leef area and
petiole length (Figures 3.3 = 3,5). The values for thess
charaﬁtets goed on increesing upto certain stige and later
they show a decrcasing trend. Krishnokumer "(1987) hezd elso
used such growth models for assessing the vaeriaticn in morpho-

loglecal ¢Shoracters of the hybrids.

Considering the growth paremotars the hybrids were
superior ¢o the parents with resgect to hoight, glrth, number
functicnal lcaves and petiole length. Hybrids wvere inferior
to the perents as for es leaf ereos is concernafd. Bur the |
hybrid Agniswer x Figenglilin wes found to b; intermzdiate ¢o
both parents in height (228,32 cm) snd girth (51.67 ca). 1In

terms of leaf zrea per plant also the hnybrids werez intermsdiate
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to parents. But the hybrld, Agniswer x Plssnglilin

{6.07 mz) shoved slightly higher veluea then the perents.
Thaese rasults are in genoral agressent witﬁ the studies by
Hair (1953} and Raman (1976) who noticed expression of
intermediary characters in banena hybrids. The hybrid
producesd at the Centrel Banana Research statién. Aduthursl

from the cross, Monthan x Musa coecinea was found to be

igtarmadiote in terms of height wilich could resiat winds
better without reducing the total yleld as & resulit of the

possibility of sddition of more plant per acre (Nelr, 19%3).

The hybrid Mennen x Plszanglilin wai taller than the
parents (277.5 <) end was superior in terms of girth
(54.33 em), nuster of functicnal leaves (11.33) end petiole
length (53.45 cnm). Similarly the hybricd Vannan x Pigangliiin
wag teller than both its parents (255.67 cm) and wes sucsrior
to perents with respact to girth (5% cm), nurbor of functicnael
leaves (10) 2nd petiole length (51.10 em). Thay rocorded a

2 ana 8.1 mg respactively which 1a

leaf arez of B.,43 m
intesrmedinte to both the perents. The hybrid Agnisvar x
Plsanglilin reccrded superiority over the parents in terms of
functionsl leaves (12) leaf sree (8.07 m2) end petiole length
(43,340 em). Such & superiority of hybrids over parents has
8180 been revesled by early uorkers (Rac st al., 1963

Singh, 1963; Khader et al., 1977).
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Mmong the hybrids *Mannen x Pisangliiin'® racorded
maximum height (277.5 cm) leef ares (8,43 m?J and petiole
length {53.45 ¢m) whersas the hybrid Agniswar x Pisanglilin
recorded meximum number of functicnal lesves (12).

The hybrid 'Vennen' x *Plsanglilin' recorded moximum girth

(55 cm) smong the three hyorids.

The hybrid Agniswaer x Plsanglilin was carlier than
the fomele porents as far as totsl duration of the plant is
concernsd which is & desirsble cheracter (Table 7). But the
hybrids Mennan x Pisanglilin (335.67 days) and Vapnan x
Pisenglilin (297 days) took more time from plenting to harvest

then the femele parents Hannan (257 Asys) and Vannan (244 days).

With respect to bunch and Pruit characters, the
hybrids Agniswar x Pisanglilin end Vannan x Pisanglilin were
superior to thedr parents. This indicetes the expresaion of
haterosis in benans hybrids. Heterosis with respect to bunch
yleld and guality has been reported by Remen (1976) in Lanena
hybrids. Among the hybrids Agniswar x Pisanglilin recorded
the highest volues for average bunch weight (11,83 kg) end
hendweignt (1341.67 g) followed by Vannan x Pisanglilin,
11.78 kg ond 1324.17 g respectively. The hybrid Msnnen x

Pisanglilin recorded the least values for bhunch charactérs.



111

Consldering ths quality aspects the hybrid
Vennan x Pisenglilin produced superior quelity fruits 4n
terms of suger acid retio (32.58) and non-reducing sugars
(3.33@mu&ﬂ§nnan x Pisanglilin though hed higher scidity
(0.67 per cent) reducing sugars (15.38 per cent) and total
sugars (16.79 per cent) was inferior in nca-reducing suger

content (1.41 per cent) and suger acid ratio (25.25).

Among the hybrids only Agniswar x Plssnglilin was
shorter than the female parent vhile the hybridas, Mannen x
Pisanglilin end Vennen x Fisanglilin wvere significently
taller ;hen their female parents. All the three hybrids were
significsntly taller than the male parent Eilanglilin.'
Taxcnomic scoring at the time of flowering revecled that sll
the three hybrids wvere triploids with scores 35, 40 and 39
respectively for Agniswar x Pisenglilin, Mannap x Fisanglilin
and Vennan x Plsanglilin., All of them helonged to AAB gencmic
group (Simronds and Shepherd, 1955).

Pertility aspects

With respect to fertility aspscts ell the thyee
hybrids vwere found to be both mele and fuwale fertile on
pollen studies end on ertificial pollinaticn. Male fertility
of the hybrids were compared with that of the male parent

‘Plsenglilin' es the fcmale perents were non pollenifercus




{(Valsalakumeri, 1984). The hybrids hzd lerger sized
pollen grains then the male ﬁer&nt. ?isanglilin, but hesd

lower pollen pze&uction z2nd fertility.

Among the hybrids, the hybrid Vannan iz Plsenglilin
hed lergest pollen grains (139.51 PJ but had the lovest
fertility (54.63 per cent). The mele parent Plsenglilin
recorded higheat fortility of 63,95 fler cent but the pollen
grains were smaller in size (119.96 p). Tho other hybrids
vere inferior éo the rmale perent in fertility aspect but
had larger sized pollen groins. The prescnce of vigble
pellen in the mele flowers of banana hybrids such as IC-1
end IC-2 has been reported by Cheesman (1932 a, 1932 b, 1934)
and in the three hybrids evolved from the cross Agniswsr x

Pisenglilin by Krishnahumar (1567).

Under naturazl conditicns the hybrids wers all
female sterile end no peeds were produced, Female fertility
on artificlel pollinaticn with pollen from Pissnglilin was
revealsd in all the three hybrids, The seed yield por
bunch on artificisl pollinaticn was lowar than that of the
parents in all the three cases. This low female fertility
is a2 degirsble charocter fo; the hybrids which increases
their acceptebllity due to their edible nsture (Dodds, 19%0).
The hybrid Agniswer x Pilsanglilin recorded the maximum
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seed set of 13,5 per bunch followed by Mannan x Pisgnglilin
(1.5} and Vannen Pisenglilin (1.5). The presence of

seeds in banana hybrids‘Ic-i and IC~2 on artificial polli-
nation has besn reported by Cheesman (1932 a, 1932 b, 1934)
and in the two hybrids from the cross Agniswar x'Pisenglilin‘
viz., ‘Hybrid Ho.I' end 'Bybrid Ho.IXl' leinhngkumar. 1987).

Three nain causes of ferale sterility in edible
bananas have besn envisaged by Shapherd (195;). They are
feilure of pollination and orx gertilization. failure of
embryo;ac Jevelopment, failure oé gygote developmant. In
dipleids, Dodds f1943) ehowad that 211 three csusss operated,
Thus & proportion of the cvules of a sseded dipiold vere not
ferﬁiliacﬂ. Structural hybridity in the edible dipleid,
Fisangiilin lead to many genetically unbalanced embryosacs
and oven balanced zygotes of the same odibic diploid failed
in early develoymant, spparently as a ccnseguence of interaction
with an unfavoﬁrablc rpeternal envircnment. Pisanglilin,
in consegu-nce, though s diploid and gmmetically rather
fortile, is 2imost entirely fenals sterile end sterility is
largely caﬁsed by the genetic systen responsible for petheno~

corpy end sterility (Dodds and Simsonds, 1948 Simmonds, 1953).

The pattern of female fertility in different hends
of the hybride showed that basal hands werc more fertile than
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the Aistal cnes. Within the fertile fruits, the secds

. exe locsiised et the styler end., In all the thrae
hybrids studied, maximum nunber of sesds vere obtained
from the second hand, Buch a8 typs of sesd distribution

" 41 the hands of a fertile bunch and within en individual

- £5uit has been given by Shepherd (1954, 1960 b), Delsnge
(1969) zeported that in seeded benanss all the hends vers
equally fertile whereasz in cultivated bsnanas, basal hands
were moye fertile than the others which is in generel <
agreasent with the results of the present sivdy,

Crosses involving the femule pareats Palayankodan
end Wendran end the mele pavent Pisanglilin also revenled
similar type of fertility status between the different
ﬁandc {Xrishnakumsy, 1957). PIFeslayankeden has hzen found to _
be femzle £a:§ilg in meny crosses (Halirx, 19537 Sundaraj et al,,
19577 Mlexsnder, 19765 Remeon 19762 Kermacharya, 1984 and
Krishnakumar, 1987}, The fomsle fertility stetus of ‘Hendran'
way fizst repcitcﬁ-by'narmsgﬁazya (1984). He cbtained seeds
when Mendran was crossed with 'Sikuzani’, Krizhnakunmer (1987)
cbhgerved Lemale Lertility of Wendran vhen crogsed with
- Pisanglilin. The results of the present study sre in
agreemant with Krishnakumer's findingas,.

. Edible dipleids do not produce sesds shan grown

in pure stende, some of them ars entirely female stexile




othc:s'will produce an cccasicnal seed whfn a scurce of

viable pollen is avollable. The seedsat in cultivated
banenas on ertificiel pollinaticn has besn reported by

' mony workers (Couasins, 1927 Cheesmen, 1934y 19§9: Hair,

19837 Sunderaj et al, 1957) BRorges 1971; Alexander, 1976;

Reman, 19767 Kagmscharye, 15847 Krishnakumar, 1967).

Embryo culture stuaias

Gencrally the cultivated bananes are sesdless,
on pollination cnly a few nunber of seeds could bes obtained.
Shepherd (1954, 1960a, 1960b) reported that even nnder most
favourable conditions the fertility status of Gros Michel
hardly excegded three seeds ger buncﬁ. & considerable
proporticon of bunches is seedlass. %The highest recorded
yiold of seed from e bunch is 60 segds from 40000 ovules
availabio for fertilisation. Variation in seed yizld may
be attxibuted to verious fagtars like fruit size, time of
pollination, pkuning trelfments. 89820n, 8oil fc;fility
and loccality (Shephered, 1954).

The banane seeds possess & hard tests and due €O
the zreasence of this hard seed ccat, they show very poor
percentege of germinattion (Dodds, 1950). JCermination of

hybrid sseds play an importent role in breeding proyremres.

~
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Generally sesd yleld of hybeids is low and for a

successful breeding progresme, it is importent that a
maximum nurber of theae sesds be germinsted (Stotzky et al..
1962 @, 1962 b). In his eorly studies Choesmon (1932 a)
found that ertificisl pollination of the sterile =nd
perthenccarpic Gros Michel L+ . & {2n = 33) by a fertile
Musa identified as a variety of Musa malaccensis (2n = 22)
rasults in formetion of occesicnal scéds. tha aversge secd
producticn being less than cne per hundred flovers.

Dodds (1958) also had reportzd the lew yleld of seeds in
e@rlg b:ee@ing proqQaMmes as tho main problem of breeding.
In many cased the yielid ls about 1-10 se=ds per bunch the
lover Runbers heing the most freguent and often a bunch may
yield no seed at all. 1In the prasent studles from the
cross, Pslayankoden x Pilsanglilin, an average cf 15.66 sgeds
per bunch only could be obieined whore as fiom the cross
Hendren x Pisenglilin the averzge seed yield per bunch wes
only 3.66 (Table 16).

Little is known about fectors which affcct sezd
germinaticn on éhe genus Husa except thet germination is
extramely variobie and reletively.difficﬁlt to obtsin under
artificiel eonditions. The use 6! serdling banane plent as

research teols and the increascd emphasis on banans breeding
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progremmes has necessitsted elucidation of fectors affecting
germination of these seeds. &3 iln othsr crops various types
of gaed treatment methouds have Leen tried with benana seeds.
These treatments sucn &9 éhipping of teste (8imzondas, 19352,
Stotzky et al., 1962; Krishnakumsr, 1987) scaking the seeds
in sulphuric scid (Simmonds, 1952; Krishnakumer, 1967) soaking
in water (Simmonds, 1952} epplicaticon of temperzture shocks
(Simmonds, 1932 Stotzky and Coxn, igﬁiijgg;atment of the

seeds with gibbaereollic ecid (Kcishnakunar, 1987)could not
improve the germination percantage. This wes explained by
Dodds (1943 b) as the follure of.amad gernination was often
due to lack of visble anbryo snd this di&ﬂicuity cculd not be
cvercome by chamical mesns. Some fruitful results have Lach
cbtained in the post by Ffew workers. Gimeends (1958) chserved
21 por gent wiability for Gros Hichel peeds whnile Shepherd
(1960 b) got S to 25 par casnt for tripleid clones.
Sathiamoortny (1973) noticed germinetion per cent ranging from

0.003=0.6 In vanans secds.

As the verlous seed trectmont methods have falled
in enhancing the secd germinecticn, new methcds like eombryeo
culture have to e tried for the racovery of maximum hybrid
seedlinga. %This technique has been widely used i1a many crops

I¢r the recovery of interspacific and intrespacific hybrids.



118

The underliying principle of the method iz the
aseptic excision of the embryo andt 1ts trunsfer to a
sultable ﬁeéiua for development under optlmum culture
canditions,. In genersl, 1t is relatively casy to obtealn
patnogen fres embryos, sinee they ere within the sterile
environment of the ovule. Thus entirs ovules, seecds oF
copsules contelning ovules are sterilized and embryos
aseptically sepearated from the surrounding tissue (Raghowven,
1977)« In the presznt studies seeds from fully rips
bunches from the cross (Palayankodsn x Pisanglilin) were

extractad carefully and used for embryc culture studica,

The seeds were aterllized using 1% Ag 303 solution
for 10 minutes, This resulted in complote sterilisaticn
of hybrid sseds. Rowg and Richardson (1975) used the same
method for the sterilization of hybrid bsnana sesds. - They
reported that surfece gterilization with 10 per cent
chiorax for 10 minutes resulted in injury %o the embryos.
Surfece sterilisation with 1 per cent sodium hypochlorite
for 20 minutes followved by washing in three chenges of
sterile distilled veter was suggested by Lité (1924) for

sterilizing nueellex callus explents of Mango.

The une of proper nutrient medium 42 en dmportent

as;act on the success of the worke. Differont nutrient media
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have been tried by various workexs for different purposes.
For culturing triticale embryos & Hurashige a=nd 3ksoyg
nedium supplemcnted with IAa and Kinstin and meccerated

endesperm from young graing of Triticum Suram was used by

Bajaj et al. {(1978). Cooper gt ak. {1978) uged Horstog's

B iI medium for the recovery of ﬂtadl}ngs barley x rye.

In papaya hybrid exbryos wers guccessfully cultused in
Whites medium contadning C.5 ppm kinetin with or without

0«1 ppm each of Gh, and IAA {Iyar snd Subrasmznyem, 1972).

& bWhite's medium containing 2 per cent sucross, 500 mg/l
cesein hydrolysste and 500 mg/l yeast extrect was usged to
raise both Aintergeneric and interspscific hybrids from tomato
{Vorobevs and Prikhod, 1980).

In the present atudy, the hybrid esmbryos gove
8¢ per cont germinatlion in modified Knudson's C.media, Cox
et al, {i960) and Rowe and Richerdson (1978) used Knudren®s C
madia for culturiné anbryos conteinlng 2 cer cent sucrose
end 1.2 per cont egor. A medie contsining 4 per cant sucrose
and 0.5 per cent &fsr was used by Rows snd Richezdson (1975)
for culturing ¢iny hybrid embryos. They coﬁld-qet 50 per cent
gegmination by this method.

3n liquid medie time tsken for germinoticon was much

less corpared te zolld medis and elso there vas & fastor rote
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of growth of asedlings which 1e in gereral agremment with
the findings by'Stclts (197i). In 80114 media the slow .
germinaticn &nd growth was due to the presence of agar which
reduces the svailability of weter as a result of increased
water binding'by the eger (Btolts, 1971). Ager ia
considered to havs o brushpile structure with the intere
peshing thresds af the sgoar forming a scolid phase. As the
concentration of agar increesed the interslices holding the
water eze reduced. Recmuse of the hydrcphilic nature of
&YST w@ter'ia beund to the aurfecc-of the £1$r11| both by
hydrcgen konding nndiinhibitiop process, Ms the sger concen-
tration is increased a proportionately larger amcunt of
vatexr is in the bound condition and cannot be absorbad
by-the ro&ts. |

™he optimum culture conditions found suitsble for
the q;rninltien and normdl growth of plantlets was 16 hours
phatopuz;aa ot 23°C., Under reduced light abnormal elcngaticn
of plentiets was cbasrved. This is in agcordence with the
studies by Banks gt al., (1979) end Litz (1984),

Hardenihg of the plantlets to neke them adapt to
the cutside envirzonment is a criticsl process dus to snstomicel
ené physiclogicsl pecullarities of the plantlets. From the
leaves of the plantlats after trensplanting, excessive water

10ss has been noticed due to 1mpro§ex development of cuticle
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and slowness of stmatsl response to water stress
(5rainered and Fuchigemi, 1581y Febbri et al.. 1984).
A period of hum&dity-acclimatizaélon was necessery for
the newly tranasferred plantlests to ad;pt to the ocutside
environment during which the plantlets undergo morpholo-
gical and physiclogiczl adesptaticn enscbling them to
develops typical terrestrial plant water control mechanisa
(Grcut and Aston, 19773 Sutter st sl., 1985). In the
present studies high relative humidity (90 to 100 per cent)
was maintained during the initial pericd of planting out
with the halp df microscopa covers and intermitent water
‘sprays. - After two wesks the covers were removed at short
'-1ntorvals to get the plantlaets hardoned with respect to
- lower relative humidity. By this method they could be _
hardened for their land in the opaen, in about four to six |
veeks. )

- Brown end Scmmer (1982) end Amerson et al. (1965)
nave spacified in their studies that addition of inoxqanic
nutrients to the potting mixture was essential for the normal
growth of plant&. - This 13 in egreement with the present
study wheras gpplicatien of 5 ml nutrient soluticn contgining
1/10 conc. of knudsons incrginic salts et weekly intervals
enhancad the survival and promoted growth of the plantlets
then those grown in distilled wetor. A high percentage of

survivel of the plantlets could ke achieveé through this method
of planting cﬁt.
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SUMMARY

The presgent investigations on cytomorphologlesl
eveluetion of benona hybrids end erbryo culture gtudies
wora cerried out in the Dspastmént of Pomology 2nd
Floriculture, College of Horticulture during 1987-1968.

he salicent rasults of the study sre summarised below.

The growth papsmeters, duraticn, bunch cherocters,
£inger charazcters and quality characters of tiwee banans
hyorids, viz. dgniswver x Pipanglilin, Mennen x Pilsanglilin
and Vonnan x Plsenglilin vere studied a2lcng with thelr
perents. Male and femzle fertility of the h§br1da vexe alsc

eatinmated and compared with parents.

with respect to various growth parameters, duration
aspacts, bunch cherscters, filngor characters and guality
cnaracters, the three hybrids diffcred significently from
parents end alszo emong themselves. Among the three hybrids,
Agnlswar x Pisenglilin was the shortest (228,33 cm) end it
producad maximum mumber of functicnal leaves (12) at flowering,
vhile with respect to growth paremeters, the hybrids Mannon x
Plgenglilin and Vennan x Pipenglilin were taller than the
poronts (Monnzn x Plsesnglilin 277.50 om and Vennen X

Pisenglilin 255,67 cm) and had more ¢irtn (Hennen x Pisanglilin,
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54,33 cm, Vemnen x Plaonglilin 55 cm) more nunber of
functional loaves (Mannan x Pisenglilin, 11.33 Vasnnen x
pisengiilin 11.33) and nore pstiole length {Mannan =
Pisenglilin, 53.45 em, Vennen x Fisenglilin, S1.10 cm).
But the hybrid Agniswer x Pizanglilin showed supericrity
over the parents in terma of nunber of functicnal lesves

(12) leaf area (8.07 m?) sna petiole longth (43.34 cm).

With rzospecgt to duraticn aspects except the hybrid
Agniswey x Zisenglilin (292.67 days) other two hybrids took

more time from plenting to hervest than thse parents.

2ll the thrae hybrids werse superilor to thelr
perents, in terms ©f bunch weight and hand weight. The aybrids
Agnisway u Fisenglilin cad Mennsn x Pilsanglilin =nd Vennan »
Pigsenglilin recocrded bunch weighte 11.33 kg, 6,79 kg eond
11.78 kg end hand weights 1341.67 g, 1066 ¢ end 1374.17 g
respectively vherees the parents Agnimwer, Meznnan, Vonpan
end Pisanglilin recorded bunch weights 5.28 k3, 6.25 &,
3,75 kg end 2,30 kg and hand welght 790 g, 785 g, 520 ¢ and -
650 g raspectively.

In gualicy cheracters such as T.5.5., nonreducing
gugers ond aeidity the hybrids showed superiority over the

parents. The values for these characters were 24 por cent,
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3.22 per cent and 0.51 per cent respectively for

Agniswar x Pisanglilin, 22.67 per cent, 1.41 por cent

and 0.67 per cent respectively for Mannen x Pisanglilin,
21 per cent, 3.33 per cent and 0.48 per cent respactively

for Vannan x Pisenglilin,

'A11 the threa hybrids werc found to be male
fertile cnbpollon studles. Compared to the mele parent,
Pisanglilin, ell the three hybrids produced biggar pollen
grains and the hybrid Vennan x Pisanglilin produced
pollen greins of the biggest size (130,91 u).

With respeqt 10 pollen fertility the hybrids had
lower §aluos vhen compered with Pisanglilin, the mele
parent (63.55 per cent). Among the hybrids, Agniswar x
Plaanglilin recozrded maximum fertility of 859,99 per cent.

The hybrlds showed very low fertility when polli.
nated with pilsanglilin. Among the three, Agniswar x
Pizenglilin produced maximm number of seads per bunch (13.5)
and Mannen % Pisenglilin and Veannan x Pisanglilin produced
1.8 seads por bunch. With respect to fertility pattern
sced p}oﬂuction was more on basal hends, the maximum being

in the sscond hand.

Artificisl pcllinetion on Polsysnkodan by the pollen
from Pisenglilin yielded 15,66 seeds per bunch on an sverage



while the seed yield from the cross, Nendran x

Plsenglilin wes only 3.66 per bunch.

The embryos were ssepticelly removed end cultured
in medified Knudson's C medium at 16 hours light et 25°C,
Eighty per cent of the embryos germinated within one week
of culturing. Vhen the cabryos wers cultured in ligquid
media germination was esrlier then those cultured in

sollid medis,

Growth of the plantlets wes better in polythene
bage conteining povdered send end vermiculite ond with
nrutriont solution then those grown in vermicullte +
distillad wvatar 2loue, when the plantlets were taken cut
for hardening after two months of growth in eculture tubes.
- 2ix month old sgedlings when trensplanced o mud pots
containing potting mixture in the ratio 18131 sand, soil

end ¢owdung thore was 100 per cent survivel,
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APPEEDIE - I

Anelysis of varlisnce for growth papameters of hybrids and parents

R "
Meon sum of sgueres

Source Degzee

of Height Girxth FPunctionsl Leaf area Fetiole

fraedon {em) {em) leaves (542) length

{cm)

Block 2 8.75 2.48 0.19 0.02 D.18
Treatment 6 5444.92 375.42 12.65 15,58 155,986
izror 12 65.93 8.23 0.25 . C.11 4.61
Total 20




APPENDIX~ IX
inalysis of wveriance for duraticn of hybrids and perents

Hear sum of squaxrss

Scource Legree Planting Fiowerling Planticg Fale Famale
of o fiowe to harvest o harvest phase phase
freadom ering {days) {Aays) A{aaye) {daya)
(Aays)
Blook: 2 109.91 . 577 . 340,08 Ged3 :G.0
Treatment 6 907.82 1457.4% .28B4.80  1538B.21 -4.38
Bxror 12 66.02 30.98 " 67.27 4%.97 0.33

Totel 20




APPERDI® < IIX
Anllyhin of verience for bunch characters of hybrids and parents

Mean sum Of squeres

Source Dagree of =
Bunch Hand Suvaber of humber ©f Kumbar of
freedom velght waight hands #ingers Fingers/ -
(xg) & hand

Black 2 1.22 2319.00 1.29 116,33 1.81
Treatmant 6 £1.12  315150.69 5022  1356.46 9.32
Erzor 12 1.48 8152.33 0.34 - ©83.20 . 0.65
Total 20




APPEZMDIX ~ IV

analysis of varianee for finger charactars of hybrids and parents

Hean sur OF sguares

Source Degree .

gﬁanﬁan Fedicle Finger Finger Pinger Pulp/pesl
length length girth veight ratio
(c=) {coe) {em) (g}

3lock 2 C.05 1,35 8,04 75.51 c.01

Trectment & 1.02 1%6.85 20.92 2523.03 4.16

srror 12 © 0a02 0.23 0.06 21.40 0.02

Total 20




APPZIRDIX « ©

An2lyeis of veriasnce for quality charccters of hybrids and
. parents

Hung s of aguares

Source - §;qreo - -
fresdos TeS8.5, fefidity Reducing Hone Total Euger
(per cent) {Per Bugars redu- sugers  acid
centl ' (Per cing (Porx ratio
cant) sugers  <ont)
(Per cont) '
Block 2  0el1 0.00. | B.43% - Q.03 G.D4 0.21
Trentment 6 7.05 C.0% 31.68 3.03 31.77 84.69

Erroyx 12 O.182 0,00 Oe16 0.05 0.45 1.52

Total 20
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ABSTRACT

Iinvastigations on the evaluation of three banana
hybrids evolved in Kerals Agricultural Uniroraity
vis. Agnisvar x Pisanglilin, Mannan x Pisanglilin and
Vannan x Pisanglilin and standsrdisation of embryc culture
technigue for hybrid. secds of bananas were carried out in
the Department of Pomolegy and Floriculture, College of
Horticulture during the year 1957-88.

The hybrids were avaluated for thelr mnrthIOgiéal
cheractars, duzation aspecta, bunch characters, finger
charactars and guality aspects. Male and female fertility
status of the hybrids were olsoc studied, The three hybrids
differed significantly for the charscters studied, Arcong
the hybrids, Aguiswar X Pisanglilin was the dwarfeat
(228,33 om) and had meximum nurmber of functional lesves ut
£flowering. The hybrild Mannsn x Pisanglilin recorded
highest values for total duration (218.33), duration of male
phase {(111.57 days) finger veight (114.58 g) acidity (0.67)
reducing sugoers (15,38 per ceat) end totsl sugars
(16.79 per cent). The hybrid Vannen x Pisanglilin recorded

the highest values for duatiocn of femalo“phasé (7 days)



bunch weight {11.78 kg) number of fingers (117.67) end
pulp peel ratia (4.5).

The hybridg Mennan x Pisangliiin and Vannen x
Pilsenglilin were found €0 be telisr thasn the parents
(227.5 cm &n@ 255,67 cm respectively). They 2130 recorded
higher velues for girth ( 54.33 om and %5 cm respactively),
nuabher of functionel leavas (11,33 iud 10 respactively)
petiole length (53.4% cm and 51,1 cm respectively), bunch
weight (6479 kg and 11.78 kg respectivelyl? hend weight
(10.66 g and 1324.17 ¢ respectively) nonrsducing sugsrs
{1.41 per cent end 3.33 per cent} end ecidity {0.67 per cent
cnd 0.48 por cent respectively). The hybrid Agniswar x
Pisenglilin showed supcrlority over the parents with respect .
te the'numher of functicnel lesves (12) lesf orea {(8.07 m?)
paticle length (43.34 <m) bunch (11.33 kg) and hand waight
€1342.67 g} T.8.5, (24 por cent) nonreducing sugers (3,22
per cent) end ecidity (0.51 per cant).

All the hybrids showed vary lov fanele Eeztﬁliﬁy
on artificial pollinaticn ond were male fertile on polien
studies. JMmong the hybrids, &gnisuer » Pisanglilin recorded
moximum velues for msle snd female fertility (59.99 per cent
end 13,5 geeds per bunch. pespectively) with maximum nusber

of ssadz on second hend.



Seeds Obtalined from the cross Palayankocdsn x
Pisanglilin weﬁéuned for ambryo culturs studies using
the modified Knudsn's C medium, Sighty per cent of the
cultured enbryos germinated within one weelk of culturing,.
In the liguid medis germinstion and growth seedlings were
found to be at a fester rate than the solid media, ’
After two months of growth of the rlantlets in culture
tubes, they were taken out for hirdoning and were successfully
transplented to mud pots coateining potting mixture.

There was 100 per cent survival of the plenta,



