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VELLAY

INTRODUCTION

Chillies (Cepsicum frutescens L.) is widely used

in Inéia for culinary purposes. Induotion of polyploidy
has been suggested 28 & mesns of improvement of chillies
by earlier workers (Pal et mi, 1939; 1941; Aleksie,
1960). The scope af”@olypioiay breeding in producing
new and supeorior plant ty@@& ig well recogniszed.
Substantisl evidences ave there in lilterature %o su@pmrﬁ
the faot that colehieine induced polypleids of meveral
arop planis have ootablished themselves as prowmising
varietica.

Investigations on the induetion of polyploidy in
chillies by theAa@plicatién of colehicine was started in
the yeayr 1966 in the Agricultursl College snd Research
Institute, Vellayani. Indiramme (1967) treakeé the seeds
and seedlings of chillies with varvying concenirations of
colohidine for aifferent éﬁraticns in her aﬁﬁem@t@ to
prééuee totraploid typen., One tetraploid plant was
éqpeesafully obtrined by tresting the scedlings with 45
per cent colchicine for 9 hours., In her gtudies
Indiramme recorded the exﬁen% of morphelogicsl voaviabions
that coocurred among the eolehieine trented plants in
addition to the ehafactera angsocinted with +he telraploid



| The‘stuéy reported in this thesis is a continug-
kxon of the nrevmous work, and embodies th@ details of -
inveqtlgatlans carried out on the 02 generation. Seeds 4
obtamned{frcm the colchicine inﬂueed tetraploid chilli.
were made use of in the present inveatigaﬁion. The -~
objective of the work was 4o £ind out the extent of
morphologiocsl variations among the‘c2 progeny of thg_

- polyploid in comparison to that of thé diploids., The
studies were also directed to amscertain the plsnt
characteristios of the rolyploid types and ebnormalities
exhibited by them in the O, generation. Cytological
studies were glso made in the plants su&pegﬁed to be

.polyploids ss & confirmetory measure.
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REVIEYW OF LITERATURE

The discovery, made independantly by Eigsti,
Blakeslee and Avery (1937) and Nebel and Ruttle (1937),
‘that polyploid atraine of plants con be produced in large
nunbers through bthe action of the drug colchicine paved
way for intensive studies on the artificisl production of
polypleoids, Seversl methods of colchleine gpplicetion
have béen adopted for the induction of polypleidy in
plants. The principle uwnderlying the colchicine treaiment
is that the elkagloid must bé brought in conteet with the
actively dividing cells. This is effected either by treat-
ing pre-sopked soceds with colehieine solution or by
applying colehicine to the growing tipa ﬂf the geedlings.
m ptbtempt is made here 4o reoview the work done oen the
methods of application of colohiecine in a wide variety of

cconomie planis

Seed treaﬁﬁent

Trentnent of seeds with colchicine at diffevrent
concentrations for different durations hea been f£éund o

be effeective in inducing chromosome doubling.
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Pol, Ramsnujeam snd Joghi 61941) used concentrations
of 0,05, 0.1, 0.2 end 0.4 per geﬁ% aqueous colehleine
solubion for duration ranging frem 1 to 8 days snd Aleksic
(1960) 0.8 per cent oolchicine solution for inducing
polyploidy in chilliea. These workers treamted the aaeﬁsA

in thelr experiments.

h : ‘
Richariz end Persai (1940) enda Srivestave (1956) -

produoced mutotetreploide of sesamum by ﬁremﬁiﬂg the seeds

with colchicine of various concentraiions for vearying

durationa,

~ Remenujom znd Joahi (1941) subjected germinating
peeds of gran Yo varying doses gf colehicine solutiona,
Trentment of seeds with 0,25 per cent mqueous solutbion
for half an hour gave the best vesult from the poiut of

view of survivel of seedlings snd induction of polyploidy.

srivastava (1955) found in Clcer avietinum that

geed trentment with 0.25 per cent celohicine for 30 minutes

woas superioy to seedling treatnent in inducing teltrsploidy.

Reo ot gl (1944) produced tetraploid strains of
Corchorus olitorius by treating dry seeds with eolchiecine
solutiona of 0.05 40 1.0 per cent concenirations for {2

to 24 hours.:
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Remenujam snd Deshmukh (1945) induced anlotetrz~
ploidy in seversl self S%Qrilﬁ’ﬂpéciES of Bragssica by
treating dry seeds in agueous cgolchicine of 0.1 to Q.4
.per eent atrength for 24 to 48 hours snd germinated seeds

in 0,025 % 0.1 per cent for 8 4o 24 houvs., Warmke (1945)

could in&a?e polyploldy in Taraxaeum kok - seghyz by
immersing seeds in 0,05 to 0.8 per eont colehicine for 1,
2 end 4 days in sovered dishes at room temperature.
Hertzsch (1954) obinined totraploid forms of Oryzo sotiva
by immersing germinat@& aeeda in 0.05 per cent colehicine,

Sen and Hari (1955) induced polyploidy in Vigna sinensis

by seed treatment.

Saedling'treatmenﬁ

Treatment of the aplesl buds of young seedlings with

colchicine solution iz yet another methed for the induetdion

of polyploidy. Ivane (195%) working on Irifolium pratense
conpared the effectiveness of different techniques commonly
uged and found that seedling troalment gave the beai

resulis.

Toole and Bemford (1945) successfully doubled 8
haploid peppers to their diploié forms, by smearing 0.1 o
1.0 per cent eolchicine emulsion on the growing tips, once

oy twice a week,



Shimemura (1939) induced tetraploidy in tomato by
needling treatment, Bessly (1940) produced polyploids in
Goagypiun by colchieine txeaﬁmén% of seedlings,.
‘Chaaﬁhgrg'gﬁ gl (1956) produced tetraploids in two

variotics of Corchorus copsularis and thres vavietles of

. olitorius by treabing seedlings with 0.1 to 0.2 per
cont eolchicine for 24 hours. Sen and Chedha (1958)

trented %h& seedlings of Dhaseolus mungo with 0,25 to 0.5

per cent coichicine for 6 to 9 hours for one or twe daye

and produced 50 per eent polyploids.

Sen and Bhowel (1960) found that seedling tremtment
wns muech more effective thon that of seeda in indusing

tetraploidy in vigna sinensis. Bouharmont (1961) found

that in rice %reatmen% with 0.1 per cent eolchicing
golution for 2 houra conld induce pﬁlynloi@y. It was
obeeyved that 2@ éay@ old plan%g were better than m%wly
gernincted seedlings o 1nduﬁe‘p@1§§laiﬁy., $aman and
Kesavan (1963) applied 0.5 per cent aaiehiéiﬁa in water

'fér 906 minute&;éa@h.ﬁay,fer 3 conseoubtive days on the

'&piaal bude of the seedlings of Araehi@'éuranansis and

doubled its chromosome number.

cher‘me%hqﬁg

Apard from seed and seedling treatment, colchicine
hed been applied to verious other perts of plunts and hes



been reported o he equelly effective in inducing
chromogome doubling., Mathods adopted by various workers

are given below. .

Pal et al (1938) induced polypleidy in chillies by
treating roots of seedlings with 0.05 4o 0.4 per cent

colohioine for 4 to 6 hours at the Hime of transplenting.

Pierse Gavoudan and associates (1937) gave the
first sccount of polyploidy induced by colchicine in

Allium voots.

Nebel and Rutile (1938) treated cuttings of

Prodeccantia reflexe with 0.2 per eend colchicine for 4

hours mnd induced Yetraploidy. Donghem (1940) treated the
aﬁillary buds of seseme with 0.5 per cent and 0.4 percent
oolehicine snd new buds Geveloped were btebraploid branches.
Shifriss (1942) twvied 0.3 to 0.5 per cent celchicine

emulsion on the shord spex of Cucumis sabivas at the

cotyledonary stage and this wes found %o be an efficient

method Tor tho msss production of polypleids.

Kumer ot gi (1957) in order to overcome the
aterility of tMe triploid hybrid obitained from a oross
between o tetraploid a=nd diploid Arschie gxpagme applied

0.2 per cent aquéoua colchicine o the bude of the



sterile hybride and produced g Fferiile sllchexaploid

plent.

‘Sobti (1963) vproduced tetraploid stiains of Menta
piperntn by trenting the suckers of diplold plents with

0.1 per cent colchicine for 24 hours,

Morphologicsl variations.

Chromosongl abnormalidien ané/morpholagiaal
variations in the plant cheracters are ssszociated with
polyploidy, The usual sympbom noticed ic the gigas nature
of plants., However, @eoréased zrowth rate, later
flo&ering é%é. have also been noted. - Horphologicel
veriations in plants subjected to treatment witb éﬁlchieine
have been veported by seversl workers., The literature on
the morphological veriations observed in different orop

plents are reviewed below.

pocording to Kumar and Abrshem (1942) tetraploids:
of Phageolus in genersl ehowed z decrensed growth ralbe and
consequenily took longer time to resch meturity snd
flowering than the dipleide, However, aunltotetyrgploids
were larger, in many respect2, then their relatbed
diploids ae z vesult of incressed cell gize. In goneral,

There was an increasse in oize of various plant pavis, a
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delay in growth end in flowering znd often an increase,

in the darknegs of the foliage.

According to Ftebbine (1950) increase in chromosome
nuabers often resuldted in abnom:aliﬁes such 28 @warfing,
wrinkled folisge and weak plantg., In most of the
tetraploid plentes growth ig glower &t Firsdt but later on
1t grows rapidly then the diploids (Jeneki mmmel and
Bezbaruch, 1962),

Pely Ramsnujsn and Joshi (1941) induced polyploidy
in ehillics by treating,thg seeds with ealc&i@ine; The&
oblzined 54 tetreploids, 4 periclinalploid chimerss (with
4n spldernis and 2n pollen) and 186 dipleida from = |
vopulation of 244. The teiraploids were rocognised on
the basis of their thicker stem, bigger and bhicker
lenves, iarger stomzta, biggﬁr golleé araing with 30 %o
90 per cent pollen sterility. In the GQ geneyation,
some prcg&nie@‘of the te%xagleids were found to consind
of onuly telrzploids but others of diploids end tetra- )
ploids showing tﬁat the pavent plent of the latbter was
realiy mixoploid. The perviclinalpleid chimers gave
rise to normel dipleld progeniecas as was expected, in
'the 03 genera%ien the tetreploids agein gave rigse to

tetraploids. The geed zetiing was highey in the 93
generation,
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Georgieva (1961) found that the autotetraploids
of Capaioun are charaoterised by inerease in size of the
eell, leaf, stem, flower, stomata, pollen and seed. The
viscosity of the eytoplasm, the size ef the fruits and’
the numbor of seeds were reduced, Growth was rapid but
the plant matured slowly; flowering end fruiting oceuring
much lotor than in nowmsl plants., The sutotetraploids
were ungteble end productivity decreased in subsequent;
generations. Aleksic (1961) found that in tebraploid

Copsicum onnuum the fruits were smuller end lighter but

with higher @rw'maﬁﬁer content.

Ghodgeonker, Deshpande and Beohsr (19655 19663
1967) collected two samples of C, tetraploid seeds in
chillies, They showed 16.9 per eent and 27.9‘per gen't
inerease in weight over normal‘éipleié plant, The
heavier seed produced tetraploid in 62 generation. The
62 plants were gigantie having increoased height, broader
leaves, flowers, stomata and pollen grein size. The
aeedé were lavger and heavier. The 4n number of chromo-

goumes waa cylologiesily confirmed.

Srivestave (1956) observed in Seszme ovientale L.

iﬁha# the colehicine treated plents showed an eerly
retavrded growth followed by a conasidersbly enhenced
growth rate, Richharia ond Porasi (1940) found thot in
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| tetraploids of Sesémum the?plants ﬁéaaesaaﬁ analloy
\hyppeotyl, thick cotyledon end short stunted root.
These plents were characterised by shorter, atiffer end
thicker stem and dark green, broed and thick lesves.
The authora confirmed that such plente were polyplolds
by observing the chromosome number. | :

Lenghan (1942) found that in Sesamum indioum L.

the %eﬁra@loiﬂ brenches possessed lerge mucilage glends
" and larger but fewer number of stomata. The pollen
nother eells of such branches showed the tetraploid

chromosome number of 2n = 52 while others hed ohromosomos

 between 26 and 52. Some of the tetraplaid branches wors

fortile. The number of poﬁa end number. or seeds per pad
. i@ not show any aifferenue feom the diploids. But the
sced weight was more in tetraploids. Kobayzehi and
Shimamura (1945) observed that the polyplolds of seaamum
'poaseéaedrthicker stom, larger leaves and bigger stomatn,
- flowers snd seeds compered to the diploids and the same
was slghle even agven yeors afﬁer.the troatmont with

~ colchicine. Shimamura an&”Kebayashi (1948) made the
fnllowing Qbaervationa in the calehacine induced tetra-
]ploiﬁs of sesame. The tetrayloida bore ahorter and fewer.
‘number of capaules, but the seaﬂs wore lawger. The

fortility in tetraploids were poor, However, cultivaﬁion
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under siable conditiens sh@weé that the fertility of the

tetraploids ecen be improved.

Parthecarathy snd Kefarnath (1945) produced auto-
te%rayl@ids in sesemum and observed that totraploids
popsessed glges charncteristics. The tetreploids
surpansged ﬁheir diploid progenitors in features like
geéd weight, numbey of branches and bigger size; flowers
ond pollen grains. But they were Lar beohind the diploids
in fertility., In tetraploids the ospsules were lesser in

number anid they were smaller in slze.

Srivestave (1956) studied the breeding behaviour

of induced polyploids of Sesomum orientale L. The

tebraploids of 61 goneration were characterised by the
genorel feabures asaocinted with polyploids such as
delayed growth smd flowering, lavger but darker folingze,
larger pollen graine and ctomnta end yeduoed fertility.
In the C, generation 176 tetraploids snd five mixoylaidé
were obtained from 181 seeds raised from the tetreploid
plant.' Se@ﬂalfram gone %reaﬁmemt failed to gevminates

'The.cz §lanta also were charscterised by the giges

. nature.

|



13

Kﬂvaea-aehnaiﬁer (1959) re@amﬁe& %hat ealehi¢ina
iuﬁueed ﬁeﬁraalaid t@maﬁo@a showed sm carly vmge%a%&va
aavvlogmﬁnt. Bnt flewermng @nﬁ fruit getbing ahowed no
&ifferaﬁae fr@m Lhak of hhe diplﬁiﬁa.j mhey possessed
' smaller fruite with fewer 3@@&3,, Kuzdawiez (1?64) | §

obaerved that in the genum Lgpageraiaen, the gutate%raplaiaa i
were less £@rtila than the @iploiﬁa. Baléy (1967) found

that aalee%ien in 4x x 4x hghg&ds of tomotoes led teo
improvememta in earlin@as, fruit set and fwuiﬁ aiae.

‘Threa lineg xeaahea ar &@pﬁ@&@h@ﬁ the digloida in
"earlzm@sa end surpassed them in dry matter, sugayr snd

asoorbie acid eanﬁent,aaﬁ wore better in eelaur.

Smi%h (1939) £bnnd thet ﬁne anta%atraplaiﬁa of
Eieatiana muatic%, H. tabaeum and E. g&gggg goaeeaseﬁ
amellaprlant,ané 1ea£‘aisa% But the,leayea_ware thicker
than their corresponding diploids, On the other hand,
Waxﬁkelaﬁﬁlﬁlakealee‘(1§39) obaevvﬁa iarger etigne, B
thicker and longer- an*herﬁ, thicker carellﬁ end flewer
sﬁalka in the ta%mpplaiéa az ﬁicatiaﬂa‘

Knndu and aharma {1@56)—&nﬁueaﬁ totraploidy in
,Gor@hnrua olitorius L. and faaa& that the tetraploids
were only mllghtly laas vigoxmns then the ccrreagoaﬁing
diploida.: At t&mes the ﬁeﬁrgylai& aute showed highey

|
[
1
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pollen fertility than the diplolds snd the meiotic

shnormalitics weve comparatively fewer

visparev (1955) reporited that when the wheat x rye
hybrids wore treamted with Q@l@hiaina they gave high yleld

in grein and straw end showed higher protein content,

Poriowski (41965) found that in rye the diploid
varicties hsd a greater nummber of fertile flowers and
thet they set ceeds more emsily then the tetraploid

varietieg,

Freudson (1959) observed thet detraploids of red
clover surpaszed the dipleids in persistence, yield of
dry natter and erﬁée protein but rather low in Tortility.
Armebyong and Robertbaon (1960}'£bun@ that teltreploid
gloike clovers surpassed the diploids in characters like
pollen dimmeter, stounse size, number of plastids in‘gua?@
celle, height of the plent, leefl ares, geed size, hey

yield ete.

Mehta, Subramsnyem snd Sweminathan (1963) studied

the effect of colchicine oun four straina of berseem

H

(Trifolium slexandyinwm - 2n = i6). All the featuves of

autototraploide such g9 larger size of abomata, cella,
polien end plant paris and veduced pollen and seed

fertility were found in tetré@l@iﬂ berseem. The
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| betrabloi&a showed incveswed vegelative vigour sad
abiliby to praaaoe larger anmber of tillers than the
pa?ent diploids,

Gdinéﬁva'(ﬂ?&ﬁ) studisd the pollen structure in
rod aloike and %hite‘dlovera and in Tfifbii&m resuninetun
egnd  found. that the tabraplaid foyma had 10 to 98 per cent
of the pall@n irreguley in form.

Heh%a.gﬁ[gg (1966).1n6uaed'polyploidy in Trifolium
gggggg graceum., The G, plants showed the general charac~
ters nusociated wi%hlpolgploiﬁya In the Q2 ganerati@n
the planta showed difference in their reaponse 50 poly-
ﬁlai@y. However, there was an ine&ease in foramge yleld
and essentiel oilfco%ten%. The seed set was generslly

i
!
|
i
i

low,

Lnongdinheué (1950) produced @e;yplgid rios
secdlings by colehicine treamiment., He Qistinguished the
induced Setreploids from the oviginsl diploids by the
awn ﬁeve)@pment, inercased length of the ligule of the
flag leaf and the increcased slze of the spikelet and
| pollen greing, MYost of the pollen graing of the tetr&~
floids ghowed 2 to 3 gorm pores in contrast %o one

' potxeed in %he ﬂiploi&a, Polleon sterility wes more ev;ﬁent

in tetraploids, uo s rvesult of which the spikelet fertility
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was reduced to &ﬁ‘gé@*ﬁ@ﬂﬁ in the tetraploidag,
Gopulekrishnen and Shaetry (1964) distinguished the

tetraploids of Oyyze sugtraliensis on the basie 0f thelr

davk groen folinge, mtouber folisr veina, larger

spikelots end elongated Hip of pelem.

Libedeva (1959) produced less vigorous sad self
stevile polypleid poltatees by colchieine gpplication, He
cbaerved o linkege velationship bebtween inereazed yield

end deoreaged storeh eontend,

Sande (1939) ohWoerved in eslchicine trented

Fegopyron tataricum thal the surfoce of the hull was

rough with more prominent laberal ridges then those in

diploids,

Ramuson snd Levan (1938) trested sugerbeet with
colohiecine nnd fownd that affer seed treatment, the
fiwéﬁ»ynar plents exhibited pelyplold aﬁaracﬁgrgg ﬁ&%'/
iater showing e tendency o veverd back to dipleidy.
Trontuent of shooting Lflowey buds produced branches o
flowers with both tetreplold snd dipleid seetove.
ollen fertility was nok veduced although O to 4 quadri-
velents weve observed., Of the 84 seedlings grown from
gﬁhe tetyaploid brench, three were botreplolds, 13 tri-

ploids esnd 68 diploids.. The bebtraplolds were me fertile
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as the ﬁipiaiﬁa. Bven af%arf?@ﬁ@vihg‘gll'%hé'&iplﬁia
i::rmcmass the m&jwﬁ.w of amaé.«:s pmﬁuma by the e traploid
brénches weve novmel diploids.

mﬁa (1940) mmr‘&@ﬁ mm aute@e%raplema ef
@am@a mmwed ratarﬂaﬁm of initiel gmwﬁh ond sbnoxme-
1itles like swollén hyzmmixymc‘iwaw atem, prominent lesf
veing, broader leal lobes’ and ‘ama%s, vigger flowers. and
gesg&ss end largor gameﬁ, ‘

| Remenujem snd Joshi (hﬁlQﬁ) subjocted the gorning~-
ting veeds of Cloer ariefinum %o varying concentrations of
eolchicine. From the point of view of the survivel of the
_ seé@lmgs and induetion of zmlss}z:lai&y, freatment of aeeds
with 0.25 per cent aqaazmé solulion of oolchieine for haif
an haux: gave %he best results. A delayed gemimmm anﬂ
re&*&:&.rﬁamgzﬁ of gmw‘!sh rate wore :respar ted in *#smatea plante,
G‘, generation showed a mixture of 4n and 2n m anued, Bub
inter geﬁam‘kmm m%aleﬁ pure Setysploids, Emmea the
~ sbnormalitles mm tmrl:lng end twinting M’f st@m an& _
deaves zami mughezxmg of theiy @m*mae, the tetraﬁlam
poseessed lerge number of lenves per nle;: i;, biggar leaflets
'%ﬂmmm, pods end seeds then thé diploids. The pollen
%raﬁ.ns and otome guara ¢ells of ‘Ehe %@%raplom& weve also
bigger %,haz; 'bhme of “éﬁ*e aiylama. The polien gmins
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ghowed 40 to 80 per cent sterility in tetrapleids in
comparison to O o 10 per cent gterility in diploids,
with respeot to plent height, the Gifference notieced
between tetraploids snd diploids wes not sipnificant,
However, telraploid planta possessed more number of

branchess

Grener (1941) observed lavger leaf lobes with a
cudden consiriction at the %ip in the tetraploid of

Manihot ntilissima while in noymel pients the leaves were

NaYrowey.

Shifrias (1942) noted in the tetraploid Cucumis

antivag an pccontusted serration of leal margin,

Rendolph et el (1932) veported that the sutolebra-
ploids of maize posseased thicker leaves and showed

delayed flowering due to prelenged vegetative growth,

Reo ot gl (1944, 1945) distinguished the tetraploid
jute from the diploid by their gigas character and fyom

their structural differences in the chromosomes,

Wormke (1945) obtained tetremploid vraces of

Tavexacun kok-gaghyz by colchleine Prentment. Nineteen

tekraploids grown in green house phowed significontly

larger vooia but & lower rubber percentage then a siniler
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| number of green house grown'dipléiﬁs' Forty three field
grawa totraploids hod both aignifieantly larger roots anﬂ
higner rabber percentage than & group of thirty gix

~ comparable diploids,

ﬁagg;zinn {(1949) grew d@aeanﬁants’@f‘snme Oenothera
hybrids and eeparété the eaxlé gorminating individunls
from th@ée whieh.germinaﬁea muach later, In the descendants
of 0. flavens x frané&aﬁgna,hybxida,.ﬁr%pleié plaﬂta
appeared almesﬁ.exalusivaly among tha@e‘germiﬁaﬁﬁag late.

Nishiyema (1950) observed a retarééﬂvgrowﬁh rat@-in
the eolchicine induced polypleids of vadish., The yield of
" the tetraploids were higher then that of the diploids.

Pendon aﬂa'ﬁhinoy‘(tﬁsﬂ).auggeatearﬁhe geasibilitg}
of producing supériar types in Amavsnthus ﬁili%um through
colchioine. technigue, They observed in the trosted plents
thieker astem, more namber‘af*laéﬁaa and branchea, larger

and dark green lemves mnd alaa'prnlang@d;veg@%aﬁive growth,

Tandon (1951) repartad that ﬁhere weg a@p&renﬁly no
branohing in the diploids of Braasie alargc@ae vax.
Botrytis. - But he eanld pveauee prefnsely bram@hing
ind&vi&uala hs ﬁalanioina Lr@gtment.
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~ Dormen (1954) collected better sized berries from
the tetraploid grapes obtained by colehleine appliocation.

Singh (1955) while étuﬁying ecolohicine induced
tetraploids in Caricn pupaya found the tetraploids to be

of no econonmie img@?tance since thoy were highly sterile

and proﬁuﬁad round fruits which were much reduced inxaiae.

Rajen =and Ahuja (1956) sindied the high and low
Tertility of dipléida end 1nducad‘aﬁto%etre@lcida in torie.
He found that the lack of fertilisation of normal embxye%
anes, prefortilisption abuormalities and abnormal develop-
‘ment,cf embrynAaﬂﬁ eéﬁaagerm were the chief causes for
‘aterility. |

Funke (1956) demcribed & rapid method for the
seloction of polyploid plants, This method consiated of
inmevsing mature @alien graing In o Qixtuxe of one pard of
concentrated sulphurie seid to three parts of 2 %o 3 per ’
cent methyl blue secetic aeid, w%cn the pollen poren were
dzstjnguishable 83 gnall indentationa on the surface of ﬁhe
pollen graine, By this menns the numbor of pollen pores .
which waa found 4o be three in the czee of dipliids éﬁé to
%ary‘framja to 6 in ‘the corresponding %étrapleids'may'ba
" reedily ascortained under the migraséppe,l This method wes

" found to be very effective in secloeting oul tetﬁaploidﬁ of
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Antivvhinum majus, Polygonum, Convelvulus, Lyeopersiecum

esculentum ete.

Spasojevie (1956) cbsarvéa late flowering end
ripening bub lerger seeds in the sutotetrapleoids of

Phrseclus vulgeris L.

Bhattacharjea (1956) found that tetraploids of

Cajanug cajoan obiained by ecolchicine trepiment had

gignificantly lower numbeyr of branches end nodes then
the diploids. The number of leaves, size of leaves and
leafiots 4id not show much dilference between tetraploid
end diploid. |

soito (1957) reporded that colchicine indueed |
tetraploid streine of Americnn wabermelon w@r@'vary'lat@
in maturing., Chopra and sﬁaminathaa (1960) cbhmerved that
seed fertility in the auta%etrapleiéﬁ of watermelon wos

eonaiderably reduced,

Sharme and Dutta (1957) found larger and devker

plants in the polyploids of forisndrum gativum. None of

the seedg from this antotetraploid were germinsted.

Zimmermen (1958) found that in forage grasses
colchieine induced tetraploids wore less vigoroua and

winter heydy than diploids.
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Sem ond Cheda (1958) oblained complete pa&yyi@iéﬁﬁ
. breanch @alyploiés or sectorigl polypleids in black grem
by colchigine %echnique. Tho polypleide had bigzer
flowevs, ceceds, pollen nnd siomalts but shorter pode ond
heavier seede. C, and C, planis showed less vigour and

lote flowering,

zebrek (1959) made hybrids of Triticwm monococcum

end P. timopheevi which were sterile. But ferdile

hybridn wero cbiained fvom croseing T. durum x T. Limopheevi

and . polonicum x T. timophecvi, Doubling the chromoocme

nunber of these hybrids with eclcohiecine wen founé to
deovease fevrtility by 15 bimes. The sutopolypleids of
T. durum (Zn = 56) snd §. Yimopheevi (2 = 56) hed low

fortility, There was only o set of 4 %o 5 grains per oar.
Croasing khég@iamﬁa@aiyylaié@ rosul bed in incressed
f@rﬁiliﬁya‘ Agt mpny g 30 greing weéve produced pex @@f in
suech hybrids.

Kluge {1959) induced telraploid in Fﬁaggria vépea

var. Semper fioreng and eompaved with the dipleids, He
found that the %etﬁa@l@iﬁ@ foruned fower infloresconce |
per plent =nd sceovdingly fewsr but lorger flowers with
ftﬁe some nuabey of petals ané fewer snthers when compared
ta the @i@lai&a, Pollen greins in tetraploids weve fower

in numbey snd their visehility wes %00 lew to facilitate



unifors =nd sdegquabe pollingtion, Seed weight of tetra-
ploi@ was double that of diploids bul showed only 20 1o
30 per eent viability. The number of seeds per fmit
amounted to sbout 100 in Giploids sgeinat 3bvta 40 in
Yotreploida. . The Lruits of %etraploids were often

deformed gnd were smeller than those of the diploids,

Mackevie (1959) ebaerved & retardation of growth

in the oovlchieine induced betvaploids of Populus iremuls L.

and P. balzamifora.

Moffott and Nixon (1960) observed that totrepleids
of Acacin were less vigorveus than the diploids, The bark
,thickness and tanin content were grester, but yield per

nore was lowered,

Thombre ané Desail (9960) found breader snd thicker

leaves in the tetrapleoids of Agave gentels.

Jonaki Ammal (1962) observed thet the tetraploid

‘Rouvolfis sernenting B. shewed an inoreass in elkelodid

eombent end lorger size of flower and vegebative pard.

Vakili (1962) induced tetreploidy in Nuse
balbisiana which possessed bhicker ieaves with shorter

petioles than the diploids.
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Senkaven (1954) @%u@&@é the morphological

chaypoters of the aubotelraploid %szgﬁum vuleare and s

hybrid with &agghum gg}epeng@. The %atrag&omé @m&@mbi@ﬁ

1ta fertile counter pert and exhibited inoreased size of

Vieweshwnra and Chimeppa (1965) induced autoteotrva-

ploidy in Coffen cesncphova. Glgas cherscbers were noticed

in the polyploids., Flowering was profuee but fyult ol

was Lovw,.

Mothin (1965) induced tebraplolds by ﬁal&ﬁi@iﬁ@ in

éﬁﬁglﬁma'g@ﬁlﬁﬁgﬁesn The @2 ganorption showed normal
growth in the seedling slage. Later the eﬁlm %hiek@m%é
an@ BLllering wa@:rgﬁucaﬁ; oot cmorgence was delayed and
holght desveased. The esys became shorter end the number
af %@ik&iéﬁé ond graing W&ﬁ'?@ﬁﬁﬁ&éa The length of
apikelote ond awns waﬁ ai&a peduned. The number of
flerets por apikelet wao un@haﬁg@@Aa&@ the seeds @er@

larger.

Tendon and Rao {1966) fownd that the hybrids of a

4z x 2x Solanum pigrum complex weve teller then either
of the parents and had a well developed branching system.
Iogves were 2 ﬂ?g@, thick, @ark green, ovate with denlbnte

margins, They resesbled ﬁﬁe tetraploid parent in foliey
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charscters. Although the hybrid plant flowered profusely
no fruit was formed. Pollen Perbility wes a2 low se 0.25
per cent.i Meiotie studies in the ydllen mothey cells of

hybride confirmed that they were triploids,

Laws (1967) induced polyploids in Oenothera. He
obzerved that moat of the tetreploid races showed g
marked incresse in pollen sterility ond a decrecae in the
seed set per copsule. There was ne evidence 4o zhow thot
- btetraploid plants produced s grester smount of nonviable
seeds then the diploida, Germination.in diploids end
tetraploids woe comparsble end seedling morisiity was

negligible.

Cytological obzervations

The action of colchicine on mitosis has been found
to be greatly efficient, highly speecific and totally
seleetive. The reamction of colehicine deponda upon its
concentration end time of exposure. The ob@exvatiénm by
Nebel (1937), Nebel and Rattle (1938), Levan (1938) and
aany others subsequently 3h§wéﬁ that colcehicine inhi-
bitteﬁ the formation of the apiaéle‘in a dividing
nucleus without affeeting the diviaion of chromesones,
Due to this Lfailuvre of spindle formation the daughter

chromosomes do not move Ho opposite poles mnd the
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chromosones accunulete in prire (“eeleﬁieﬁne~pai§$“);
Gytokinesis decos not tnke place and the original ecll hao

a veconntituted nudleus with double nunber of chromosones.

Yeiotie abnovmelities like multivelent formation,
chromnabin briﬁgeg; legging chromosomes ebe, penocioted
with ealehi@in@ $restmend h&%@ been repoyted by\ﬁ@ny
workere. Psl, Remsaujom snd Joghi (1941) found O to 7
Qua@xivalants end the vest bivelents during meiosis ab
diskinesis snd motephase I in the colchicine induced |

polyplodds of Capsicum sanuum. They aleo pointed out

that sperd from inducing polyploidy colehicine effected
in indueing numeriesl snd siructursl changes in the

chromosone complementd.

Ri.chharia &nﬁ Persal (194@3 reported O to 5 gquadri-
velents in the ﬁutatetr%pleiéa of &aaqme. Eemenujom and
Joghi (1942, 1944) found %thet in the A, generptbion of
Sesemum orientele (2n = 26) x S, ﬁygatakum {2n = 32) 29

' hivalenta wore formed st meiosia., The snaphasie @aparaw

tion wee normel with 29 + 23, =lthough in some cases 30 + 28

separabion was alsp natiee&. Tour plante of the A,
generation with 2n = 45 resenbled the prosiatum parvent
and showed o typicel Drosera btype of peiring with 16

bivelents znd 13 wivalents at melosia.
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Koboymshi and Shimemurs (1949, 1852) studied the
aytology of tebrapleid Sesame afber 7 g@aﬁs £rom the
- dabe of inducbion. They nobiced frequea%‘aacurr@ae@a
of 13 gquedrivalente during meiosis which disjoined
aormallgs Vezzoni oné Michelottl de gorpa (1953)
- obmerved in the subseguent generotion of eolohiecine
induced totrapleids of Sesammum, that during meiosis § 4o
10 qnéériwaiemta were formed end dthe rvemaining wovre
bivelento while Kedornnth (1954) reported varisble
number of guadrivalents, %r@v&leﬁﬁé, bivalonta end unle
valents in the gutoltetraploids of sesspum. Irregular

separation of chromopome wes nobiced during melosis,

Lews (1967) studied the melogis in the induced
tetreploids of Oenothers end found bhal all‘%@tﬁaglaiés
ahaweé s reduotion in chissme frequency. ﬁaat.cmmmamly
an irregular mmericsl digjunctionof the chromosomes at
%he'fixa%laﬁa@hgga was obsorveds Ocepsionslly wnivelents
were not ineluded in the metephase plete and %heir‘%aﬁ@am
inclusion in the dyad could mske an eltoration in the
@hrﬂmﬁﬁﬂm@.ﬁﬁﬁﬁlﬂm@ﬁﬁ. Thug dyad nuclel with more or
E&é@ﬁ anm@éw'af ehvomonones were forymed due to the lagging
%univalaﬁ%$. Infroquently, bridgo formation ot aﬁéphaae I
vwaa noticed. Ancphose bridge endéd lagging ghromosomnes

were found in the snaphagse II also.
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" Remuson snd Deven (1930} obeerved O to 4 quadri~"
vaian%a peyr gell in the p@lien nether ovells of - %@ﬁraplniﬁ
sugarboots,

Amin (1940) observed 0 toH quaarivaleata in the
auﬁayulyylﬁiﬁa of cotion..

ﬁaﬁa (194@, 49, 50) proved thatiin,%raﬂaaﬁaaﬁia
apindle £ibves aid not develop at prophase with concen-
trations of 0.05 or 0.1 per cent colchicine, ’

~ Huntzing and Prekken (?94@}'éh§w§é thet there was
& genotypic controlled tendency Sn an autopolypleid
*Phleun' to form bivalents.

Ramenujam and Joshi (1941) stulied the melosia in
the inéueea)%eﬁraglaiéa of Cicor arietinum. Helosis was
 feirly rogular with the fovmation of varylng nunbers of ’
quadrivalents ab &&mkiﬁ&ﬁiﬂ anﬁ.mata@hase 1. Seven
guadriveients per cell @cauming mest froquently. They
sbgervea & chromatin bridge ané a aﬁromnaama fraymeat in
a few cells at aaa@haﬁe’I.

|
A

- ﬁﬁﬁf@&ﬁ‘(194§) r@gar%e& en increnge in univalanﬁa
abﬁu% 37 pér cent smeng the twa&ﬁs& ylanta o£
,An%irrhﬁnam. -
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Venrma (1947) recorded the threshold value of

C-mitosie in the voot tips of Ribus nigrum to be 0,01 ner

cent,

Gilles and Rendolph (1951) found nfter snalysing
an»auta%@ﬁrayleiﬁ maize strain ot the begimning and fov o
period of tem years, in @hi@h-&e&ect&on foy various
feétura@ wns baking plaece, that there were more bi?alent
ssnoaintions and fower quedrivalents at the end of the

seleakion pericd than at the begimning.

Corpentier (1954) treated vools and rootlets of
groundmat with 0.005 per cent enlehieine solubion snd
produced C-mitosis cells which ghowed a decrense in the

fraquency of totzl number of dividing colle.

Ramen end Kesaven (1963) sindied the chromosome
spgociation of indueed autotetreploidy in Arvochis

duronensis. In 38 pollen mother cella exemine@ eb

mebephase I, the frequency of quadrivelents ronged from
0 to 8. The moat frequent smseclation being 6 quadri-
valents + B-biﬁalenﬁu. in o few gells trivalentis were
éﬁaﬁicad, it a corresponding number of univalenta were
i{mo"t; nresent, A eingle case of 20 bivalents was observed,

A% snophase I 20-20 separation wes woet frequent.
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Uechikuwa (1956) roported irregular meiosie in the
colchieine induced totraploid strping of two Japsnese

varieties of Cucumia satlvus,

Tougias Devidson (1957) noted ﬁheiabiliﬁy of
 eolehicine to indu¢§ chromosome breskage in Vieia faba.
Fvans ot sl (1957) used colchicine as an indicamtor in
mitotic vate in broad besn voot meristems end found that
ﬁhrgé aaae@ﬁﬁxaﬁiaﬁe; O;1,'9.05 and 0.025 yar'ee&ﬁ.wmra
gimilar in ozpamoity for inducing meta@hasié sceumulations,
The treatments for more than 6 hours, showed sn inhibitory
effeot which slgwea down the rate of entry of cclls indo
mitonis, the time spent in'interyhase baing inercesesd.

Sen end Cheda (1958) found that the colehicine
induced tetrsploids of blaok svem di& nol show much

meiotic sbnormelities. Quadrivalents wore few.

Eaﬁqn (1958) ohserveé that oelehieiﬁe treétment
of sorghum seedlings ceused the avrreat of cell division
'aﬁ metaphase with produetion of atav, explofed and ﬁall
'jmetaphaae tyﬁeé 1u»tﬁe*aﬁebt apices, a
% Smith snd Hiner (1960) obaerved ﬁypical.ef mitopin
™ A1ivm cepa. | |
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Tslom (1960) found comparatively lesser number of
quadrivalonts in the tetraploids of Annons SqUemOBR, i O
valents and quadrivelents were «1.80 noted. Lagesyds were

observed ot sngphase I and 1.

Koul (1964) related meiotic sbnormelitiea to
polien stevility. He found ¥hat the geparation of the
chromosoune complement st metaphase TI en@ ensphese II
into three wnequal bul independsat functloning group,
tdggﬁhax witﬁ nondig junetion of chromcsones lend Ho the
production of more varisble gemetes., It wan therefore
cencluded that sutopelyploidy had contributed much to

molotic irntablility,

farkowski (1965) mcoved the frequency of quadri-
vmmm,wwmmm,MWMMsmde&mWin%e
totraploids of rye end showed thal chromosonzl nbervations

aid not decrease fertility, bulk remult in anecuploidy.

Jonoki Ammel end Kowl (1967) made cytological
studies on the indueced sutotetraploids of Aopsragus

officinglin L. Heiotic fembuves ohoeorved included

quadrival.ents, trivelents ond wivelents el motaphase,
lpgeards ond bridges at gnephese end in some oazed of

multipoiasy spindle and nuclear break downs
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MATERIALS AND MITTHODS

The investigation wes esrried out in the Division
of Agricultursl Boteny, Agriculturel College end Resapreh

institute, Vellayeni during the year 1967=68,

indivonma (1967) studied the effect of colchicine
in induveing polyﬁlciﬂy in chillies. The seeds and scold-

1ings of Cepsicum frutescens L. of the strain Dutia

gevies No. 2 wore dreated with colchicine ot dilferent
concentrations snd at vavrying duvation of time, TFrom the
¢, genevation she got one tetreploid plant. This wes
obtained by treating the seedlings with 0.45 per cent
colchicine for 9 hours. Selfed seeds Tfom 41 poda {ronm
¥his plant were collected. These secds Together with the
diploids e control, provided the matevial for the satudy

of O, genoration reported in this thogia,.

B, Hethods

Seeds from one pod was considered as one line.
out of the 41 pode, meeds from 29 pods only germinnted.
From these 29 lines, only 10 were sclected ( those having

o population of 9 plants end ehove) ond laid ocut in a



33

Rendomised Bloeok Design with ﬁhré@ replications, in order
to otudy statistiecally the relative veriztions in the
golg@iaid& in comparison with the diploids. The remaining
19 lines were rendomiced in a’aagaraﬁe bloek end unsed for
oyte-morphologieal investigation. - Diploide were plented
a8 guard rows; two rows on the four borders snd one yow
each in belween the four blocks. 25 diploid plents from

these were selected at rendom for observationa,

Cheraoters studied

The following chmracters were gtudied.

1. Germination pereentsge

The seeds of the polyploid snd the diploid plants
wove sopked in water for 20 hours on 1sd October 1967.
?hea@.ﬂgﬁkeé'aéeég weve keopt for gevmination on méisﬁ
pletting peper in petri dishes. Soeds from individual
- pods weve kept separately. The number of seeds geyminated
were counted every day snd they were trensfored Yo the
~ pots in the fleld. Germiﬁatiaa poreentage was celoulated
_whén‘the sermination of seeds coemed completely in all
the petri dishes. The dates of commencement snd comple-
tion of gernination in the ea&é of different troatments

were yecovded.
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2. Eerly deformity

- Abnornglities such ze orinkling of leavesy
reboydation of graaﬁh, dexk pigmentation of the leaves
oto. shown by the plente weve nobiced fyem the very
beginning gnd the ssme wore recovded with vempeel fo the
concerned planta,

L

3. Height and spreed of plents

Hadight of inaiviéual plents was mepsured in om
fvom the soil level to the %ip of the tallest brench.
This obaervation wee mede at weekly intervals frem the

dnte of tramsplenting to the date of havves.

Spreadi of the individuel plentas wes recorded onece
ie., three daye before the first heyvesting, whaa<ﬁhé

aprond was mexindm.

4. Loof characbers

(a) Ares of leaves

Mensurenent of pres of lemves was made in Sg. em
uging greph peper technique (Davvow's method}, TFor bthis
25 Logves wewe selecbed et vendom from esch line, 60 days

after transplanbing the seellings,
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(b) Thicknesg of lemved

, .
The thickness of lenves of bthe suspected polyploids

wos recorded from the randouly csllected zamplos. For

exnch Qléﬁ@ twenty fLive ﬁan& sections were taken frgm the

oontral pevrtion.of the leaves and were mensuved in microns

(4), wder the mieroscope.

5. Flower counis

Opened flowers on ¢ach plent were counted daily
until the flower produetion in all plants cemsed completely.
The totel numbey of flowera produeced per plant per 1ine was
estinated. Date of flowering snd time taken for floweying
from the date of germination of individusl plants weve rlgo

reocorded,

6. F’rlii"ﬁ zot

The number of fruits produced was recoyded ot ecach
harvent. The toitnl productionof fruits by individusl plent
won eatimsbted and the percentege of fruid set per line was

cnloulabed,

7. BSize of fruitis

Prom every iine 100 fruits were selected st yendom

ond their length and glrth were meesured in om.
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8. Weight of fruits

ens
The fruits from each pleant wes weighed at the
tine of cnch harvest and the data were recorded snd

malyzed statistienlly.

9. Weight of seods

Welight of 1000 seeds from each line waes ?ecgrdeé

| in gran end the dsba weye stabtistically ansiysed,

10. Yield

Yield of fyuite for gll the plants wes vocorded.,

11. Pollen situdies

(a) Pollen sberility

Mmthers were collected from glanté aelected ntb
rendom under esch line st ghoudt 9 a.m. TPellen graing of
@adh plant was Auoted on & clean glide gnﬁ stained with
1:1 glycovine acebtocarnine, The slides were examined
uwnGer the low @awag of & compound mievoscope aiter 30
minutes, Tollen sterility wes ostimated by counting the
fertile snd sterile pollen grains saparately from 30
mioromcopie fields, Well filled snd deeply stsined

\

pollen grsins weve cleemified ng fertile snd shrunken



end unstsined once a@ sterile pollen. Sterility for eoch

m@ weo coloalated,

(b) Pollen size

The eize ¢f the pollan wes determined by memsuriﬂg
the digmebev. Dismeter of 100 fertile pellen groins wﬁa
messured in microns (4} for epch line, using e stendard

ooulay micromotely,

12, Stomntsl gtudien

{a) Eiﬁ%?ihﬁ%i@ﬁ_ﬂf @%@ﬁ&%@

A @am@l@ of 10 lenves was eazleghg& at vendom from
ench lindg, ?he tissue fvom the lower %ﬁﬁfﬁﬁ@ was neaﬁ@ﬂ
off gnd atained with 0,5 per éeﬁﬁ‘%afm@niu. The fre-
%uaﬁ@y of stomata per wnil aren was determined by
eounting theiy number from 30 mieraaagpia fields ab

vendon for ocach line.

(v) Bize of stomats

The length and width of 25 randomly solected
atomats were mezpured for ecach line, nging & stondordised

coular micrometex,

ALl the sbove mentioned chersoters were studied
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separately for the confirmed polyploids ana compared with

theae of dinloids,

Gytological observations

Suspected @alyyloida were uarked on the bagis of
theiy glgas characters peculiar o galypleida e3 well »
the morphologicsl abnovmalities like erinkling of leaves,
dark njgwanb@%%on of lenves ete. DBesides, len ul@ntm
wore seleeted az suspected polyploids based on the aLmLa—
stienl annlysis for the mnryhslagical characelerg.
Indirvanma (1967) had fixed the maryhélogﬁeal characters
1ike incveased height of plent, number of flowers, 1
nunber of fruits gnd yleld ﬁer plant for polyplold types.
in the present study the plants which f6ll over and
shove the confidence limitae fov the above charpmoters foy

the ﬁlﬁlﬁ&(ﬁ were marked ﬁu& e as@weet@é wolyploidn.

The flower buds of appropriste size Lvom these
suspected polyploid plents = well as from eonbyol planits
wore {ixed in 933 meedbic alcohgl. The fixation wag done
fyom 9.30 t0 10.30 a.m. for 6 hours, After Tization,
the matevial was oloved in 70 peyr cont sleohol. Gentle
tapping end judicious warming Pavourcd exccellent spreai-

ing sné diffevential gtalning of the chryomosomes in the
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mioTosporooytes. The chyonosone nupber ond thelw
behovieur such of sbnormalitics oy irregulerities in
meictie behaviewr were shudied in the diploids and ens-

peeted polyploida snd the stogen were photographed.

Shatisticsd progefure

The vecorded date perteining to the aifferend
gharecters under inveatigation were subjected to siali-

phicel aneglyeis,



EXPERIMENTAL RESULTS



EXPERIMENTAL RIIULTS

Movphologiosl choyacters of plemis in O, generabion

Seeds obtained from the 29 frulte wore sown
separately and the percentage of germination in cach line
was recorded., The morphologicel ocharacters of the plenta

rgised Lrom these lines wore slso studied. The cherac-
. tora studiecd were height of plant, spread of Aant, nunber
of branches, time taken for [lowering, number of flowers,
percentege of fruit set, number of fryuite proﬁﬁceﬁ, yield
of fruits, size smd sterility of pollen graina, distribu-~

tion of ctomzte snd weight of seeds,

Percentnge of seed germination

The @sta on ‘the percentage of germination of veeds
in 29 fruits obbained from the Uy generslion are preseén-
ted im Table 1 m. There existed a wide range of
voriation in the percentage of germination. seeds from
fyuite 11, 14, 15, 17, 23 and 24 showed 100 per cent
| germinetion, The minimue gormination was noticed in the
. gase of seceds obtained fyom line 22 (20 per cent).
Covminakion in control wes 90.06 per cent. The graphical
representation for the perecentage of meed germination io

given in Fig. 1.



Table 1 &

Perecentage of seed germinatioa

Line No. nggggszﬁgggf Line We.
1 84,00 16
2 81.10 17
3 92: 30 18
4 67.70 19
5 84.20 20
6 80,00 21
T 84.60 22
8 86.70 23
8 73.7C 24

10 56430 25
11 100.00 26
12 70,60 27
13 58,90 28
14 100,00 29
15 100,00 o

e ot o .

o

Percentage of
geymination

40,00
100. 00
27.30
83.30
22. 20
78.60
20,00
100,00
100, 00
80,00
88,90
87.50
25,00
7140
90.06

T A D G P LYY CO P
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Rate of gexminatien

Germinntion of paeds started fyrom the £ifth day

- of soaking in water in éahﬁroi ag well as in moat of the
seeds obinined from the 01 gencration, Sepds from the
fruits 17, 26 and 29 showed considerable delay in gevmi=
nation. The data on the rate of germination of seeds

are presented in Table 1 b.

Hedight of alanta

The dote on the final height of plants recorded
al harvegt pre given in Table 2 and the mzlyeis of
varisnee in Appendix I, The F ratlo wne %ﬁ&ﬁé 40 be
significent. Plants from the lin@s 2, 3,5, 6, T snd 8
were significently taller from the control slonta, while
plands in the lines 1 and 4 ahowed. 8 aignmficant'r@duc~
tion in hoight. The mean plant helght for difterent

1ines veried fyom T5.7% em to 94.67 ci.

Soread of plants

The dats on the spread of plents sre prosented in
Table 2. From the results it will be ceen that in lines
1y 24 3 and 7, the spread of planis was gimiflicantly

" more than the contvol, The mesn apread for the various

1ines varicd frow 56.7% om (line 10) te 68.14 cn {line 3).



Pable 1 b

Rate of seed gewaination

mﬁgfaf

. Humber of zeeds gaxminmﬁ@ﬁ"@very 24 hours Total
seeds - . i NO. OF
Line kop% ‘ . | | | ;eéﬁs
No, fox 54h 6th Tth 8th 9th 110th 11th 12th 13th 14th 15th 16%h 'ermi-
gorni~- deay dpy fQzy day day day deay - day dey day day day g ol
nation ; 1abe
1 25 4 2 3 2 1 3 1 2 2%
2 37 8 5 11 2z 2 . . . 30
3 26 5 4 5 4 2 1 2 i . 24
4 31 303 10 4 1 . . . . 21
5 19 5 5 2 3 1 . . . . | 16
6 25 5 4 4 1 4 1 . . : 20
T i3 . . 1 1 3 2 2 2 . B &
8 15 . 1 4 4 2 2 . o . | 13 -
9 19 . 3 5 6 e [ 'S * e 14
17 301 1 . . . . . 13

13 8



12
23

17
39

12
13
14
15
16
17
18
19
20

12

16

11

11

10

2

14
20

21

22

23
24
25
26

10

@©

27
28
29

32

154

27 33

70

170




Toble 2

Height, spread and number of branches

Line Ne. - ?é%ht %}Zi%aﬁ %gg%?gﬁggg
1 80.08 6777 151.89
2 82.04 65. 41 292,89
3 83.64 68. 14 124429
4 75.75 61.00 123.25
5 86,52 57. 80 109.93
6 83.05 59,72 366450
7 94,67 . 6737 104,88
8 92,32 61.62 113:56
g 81.20 57,50 115654 -

10 81.20 56 75 402475
¢

81.48 . 62,20 159. 88




42

Humbey of brenches

The data on the mesn number of byanches éf'@lankﬁ
in,the'@iffer@nt lines are given in Taﬁle_z} It will be
acen from the tabl@ thet %ha piants in lines 2 ond 6
possecssed ﬁménificxntly more mamber ef‘%raﬁahaglﬁhan the
c@ntrﬁle mcmg the different lines %h@ posn ﬂu@bﬁv of
bysnohes was unximun for Line 6 (366.80) and minxmum fory
1ine 10 (102.75). The number of branches recorded in
control was 159.88, &ﬂalyﬂiﬁ of variance for the number

of brounchos ig givea iﬁ Appenfliz TIL.

- Zime tzken for flowering

The 6 ~ben on the %@me taken for farat flowering
from bhe ﬁﬁka of complete germinption of seeds are prescn-
ted in Table 3. The snelysis of varisnce showed thgt '
P rotio was not gignifiﬁam%. The daye ﬁgkﬁn for flowering
in Aiffevent 1in@s ranged Lrom 55 in line 1 %o 69 days in
line 9. The time oken for five't flowering by the eontbrol

plents was 64 days.

| Fumber vof flowers

‘ The dote in Teble 3 represents the meen number of
flowers produced by the plents in different lines, which
varied from 182.56 to 331,60, The meximum £lower



Table 3

Time taxen Loy flowering ané number of flowers

Time token Yean numbex.

Line Nos  goy flovering  of flowors.
1 55,00 182,56
2 56,00 331,00
3 63,00 - 234,86
4 63,00 274,18
5 61.00 208.70
6 63,00 263,06
7 58,00 299. 89

8 64.00 283.78
9 69,00 270,28
10 67.00 215,11
¢

64,00 256, 20
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production was noticed in line 2 {331.60). Analysis of
varisnee for number of flowera (Ap@enéix V) sheweé thet
the P rotic wes significsmt, Flower production in lines
2, 7, 9 and 10 wae pignificantly higher then the control

nlants.

Peorcentage of frulis set

The data in the pereeﬁﬁage of fruits sel Loy the
difforent lines are presented in Pavle 4. The fruils
sot showed varimtions between @iffevent lines ranging
from 31.82 per cent in line 9 4o 68.81 per cent in line
10. In eonirol the fruit zet wag 63.82 per cent. The
enelysae of veriance for the percentage of fruils sedb
howeveyr, zhowed that P ratic wae not aignificant

(Avpendix VI).

Hunmbery ofrfrﬁits

3@%& on the mean num@gr‘af‘fruiﬁa regorded in
different 1;nea are ﬁreﬂéﬂteﬁ in Teble 5. Line 10
r@aorﬁeﬁ ‘the M‘deum number of frui&s (206 ,83) ena thc
line 9 vecorded the minimum (101.54). In control the
mesh ﬁumber of Lruite pvodugea was 123.52. However, on
st&t@stie ol gnalysis there was no %i@nific mt differonce

(Appendix Vii). °



Table 4

Pereontage of fruito set mnd yia&ﬁ

1 46,77 172. 41
2 35.86 149.62
3 63425 160,66
4 40,84 o 137.97
5 60,17 132,06
6 42,40 153.19
7 35.97 127.93
8 47.49 128,33
9 31.81 '1o4{33
10 68,81 104,22
¢ 63.82 128,87




pach _elé qf ‘ §2x gn'%‘s

The dsta pertaining %o the yield of planta in
gi&ms in @lrferent lines ig glven in Table 4. Line 1
vielded the meximum (172. 41 g);‘ The minimum yield wea
obtained in line 10 (104,22 g). The yield of econtyol
§1én% is 128,87 & The enzlynis of varisnce for yield
of fruite ie given in Appendix VIII. The P vatlo was

feund %o be not signlfisunt.

gize of FPmits

‘The meosn length ond mean girth of fruits under

diffarent lines are prosonted in Table 3,

The length of pode was mogimam in bhe line 3
{4.54 cn) wherens in‘the line 7 it wee only 3.42 om. In
the contrel the mesn Length of pod wea 3.89 om. Excepd
14nes 6 snd 7 all the other lines showed incrensed pod

length then the control,

is far ms the girth of the fruits was goncerned
all the lines exeept line 6 showed incressad fruilt girth,
when compared to fthe combrol, im which came the pod

givih was only 3.30 cam.

Aven of legves

The dubta on the mean mrea of leeves in different



Tablé 5

Number snd size of fruids

Megn length Yean gixﬂ;h

_ ¥Moon numbey s fawind b , e
Iine Fo. of Pruite af frults of i‘rm. 5 |

() {em)
1 144.11 - 4.40 3.89
2 122,11 4.28 - 3.92
3 136,86 4.54 AT
4 118.70 - 3.95 - 3.44
5 132.40 3.72 - 3.86
6 136,06 - 3.58 '3.28
7 129.37 3. 42 3.98
8 134,73 ,  4.03 - 3.92
9 101,54 3,95 - 3.64
10 206,53 - 3,72 3,47
¢

123.52 - 3.89 3. 30
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lines ave g&ven‘in»xaﬁie 6. 'A@p@aﬁix‘lx contains the
_analysis of varionce for the arvea of leaves, The F ratle
wae not significant, However the plante in the lines 1,
5 7, & ond 9 showed ) t@uéeney for ﬁﬁ&?@%@é load 'ama |
$han the goatyol, P : ' | |

n Eéél@ﬁ;ﬁfﬁﬁiliﬁx

?ﬁble T ahawa %he ye&@aﬁ&&g@ gﬂ pgllen @tarili%g :
'among the aifferent 11&@3. Pollen sberility emong the
éiff&?ﬁn% lin@a varied £rom 21.75 to 37'42 per cont.. In
@anfral,zﬁ.BB per cent of the pollen graina wore fﬁhﬁé
tﬂ bo aterizﬁ.. Tha Ka anplysis f@r the data on the extent
: af pollen sterility (gymenéix XILI) 4id not show sy
gignificont éaffgrenqe for the Oy lines when compuyed o
the control, I o

~ The data an.the meen Qismetor of g@lleﬁ undor
@iffer@m% trentnents i& grqun?aﬁ in @zble 7. The mesn
 diemeter of g@?ien gwﬁxns anong éiffewent lines v&rieﬂ
from 13 .02 2 5.18 4 ta 17.@9 1. 63 4 The enslysis of
v@riﬁaca few %h@ éa% on ga@leﬁ gizme unﬁar éif%&re&% lines

is gmvea in éﬂg@ﬁéi& X‘ he F valtio wos found %o be nod



Teble 6

Ares of lesves

Line HNo. Fean crza (in Sq. om)

208.56
126,78
140.75
137.77
152, 29
122, 40
168.99
161,22
158,30
127.67
144. 44

WO ~¥ N U & W N e

wdi
(o T




Table 7

Pollen sterility ond size

Yiean dlametar of

sterility

1 30,10 14.58 * 0,81
2 21,75 © 13.94 £ 0.68
3 ~ 24,66 16,68 £ 2,44
4 28,62 13.02 £ 5,42
5 30.26 . 17.09 £ 1.63
6 29,83 13.02 & 7.86
7 31.50 15.32 £ 1.49
8 37.42 - 13.56 £ 1,36
9 35.28 13.42 313,15
10 35,30 15.57 £ 1.36

G 30433 9.36 £ 0.95
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significent. However @il +the lines showed bigger pollen

gyains than the control planﬁ@.'

Digtribution of stopata

The mesn number of stomats per unit ares is given
in Teble 8. Among the différent lines the maximun
nunbar of atonata per unit.area wao found im line 2
{(9.07) and the minimum in line 9 (6.62)., The snslysis
of variance for the digiribution of stomata (Appendix XI)
showed that the F ratie was significant. The numbor of
aﬁcmaﬁaAper unit ares was significantly lower in a1l the

iines Tyom that of the conbrol,

Size of stomata

Both length =nd width of stomate wore found 4o be

varying in the G, lines (Table 8).

The reen length of stompnta was nsximum in line 3
(28,88 £ 5.83 4) and minimm in lino 9 (17.49 % 3.53 W)
In the control stomabel lenghh was 25.22 I 5.04 q.

The mesn width of stomota ranged Lyom 7.05 & 6.64 q
in line 4 %o 18.58 & 3,80 q in 1line 8.: In the eontrol
plants the width of stomabta was 13.42 £ 2.71 q.



Zable 3]

Digtyibution and aise of stenmats

Meosn number

of atomata Size of mtomats (in §)

fine Hoe Tper wnit T e wiath
1 7,69  17.89 £ 2,71 13.42 ¥ 2,71
2 9.07 26,03 £ 5.42  13.15 % 2,74
3 8,85 28,86 £5.83 1478 & 2,71
4 8.76 24,41 £5.42  7.05 £ 6,64
5 8.32 26,98 £5,42  11.39 £ 2.44
6 7.59 22,37 % 4.07 13,42 & 2,79
7 7.36 18,03 % 4.07 14.10 % 2,71
8 6,60 26,71 £ 5.42  18.58 £ 3.80
g 6.62  17.49 % 3.53  14.50 ¥ 2.7
10 To14 23019 % 4,07 14,50 £ 2,79
¢ 9.96 25,22 ¥ 5,02 £ 2,71

13.42
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Yeight of seeds

The data prezented in Table 9 represents the mosn
weight of 1000 seeds obtained from different lines.
&ﬁalysi& of verianealfow the data ié given in Appendix XIIT.
The T ratio is not significent, indiesting that O, lines
did not show mignifiemnt difference from the control. .
However 2ll the p@lgplniﬂ linca phowed g tendoncy for
higher see&‘weight than the control. The weizght of 1000

aeeds in control wae 3.56 e

Hovphologioal abnoymellties

Of the 236 pisnis raized in the ¢, generation
certain plants exhibited morphologiecsl sbnormalities like
gtuﬁted growbth and dprker picmenintion of ths fb1iage and |
erinkling of leaves. 32 plents showed orinkling of the
leaves, In 2 plenits the leaves hg@ irregulay mergins,

It wes glso observed thet one plant posseased bilobed

1eavag?

Heterogeneity of the G, population

The dsba on the height end spresd of plants,

nunber of flowers snd fruits and weight of finide were

2

subjected to X% enzlysis in order to test the heberogeneity

of the meterial used for raising %he'@g population. 1%



Table 9

Welght of seedn

Line No,  velght ?gnﬁéga seeds

4,35
3.81
4437
4433
5.53
2,96
6.58
9.02
5460
10 6426
¢  3.56

O FYR -Y S

W oo =3 "\
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was found that the population wee highly heterogenocus,

2 iy < . i
The X® vzluen for all the five characters enslysed wore

2

found %0 be highly significant. The X° snalysis is given

in Appendix XIV.

Isolgtion of suspected polyrloids baved on glgas

characlers

The: studiey on the moyphologiecsl chavracters (vide
Tables 1 to 9) showed that thove existed a wide range of
veriation in the glmnts bétwa@n the different lines. The
plants which exhilited characiers like increased height,
(Plate 1, E)Vmaximum'@preaﬁg (Plate 3, 4) move number of
branches, &aximum;number of fiowers, froitz and inerossed
yield were navked out statistieally, hawed on the canfléance
limite £ixed Loy diploids. TPlante which fell over and ghove
the eoafiagnce 1iéiks were marked ns polyplbdide. Thirteen
-plmntﬁ wers thug mavked eﬁt. Three of them were found o
be diploids snd the remsining ten o be polyploids on
eytological aﬂélygia. The deta pertaining to the above
charsobers of these ten plents arve given in Table 10. Othew
characters such me btime taken for Fflowering, percentage of
fruits set, size of fruits, srea of Leaves and thickneas
of leoaves of the xeayecﬁivé plante ave elso given in
Teble 10,' ﬁable 11 containg sterility amd sisze of pollen

graing and Table 12 contains diztribution and size of



Tabie 10. ﬁorphological‘

Height Sproesd ” Time

Plantk  of of Ne. of ‘isken Yo. of Wo. of

Ho, plants planta brenches FLor’ flowera fLfruits
(em) (eon) flower= 4
. ing

32 . 102,20 88,00 148 61 380 158
34 103.60  71.00 124 65 368 161
61 99.40 78,00 202 47 304 163
84  105.00 68,00 140 57 31 176
134 88,20 67.00 150 51 312 189
135 100.80  75.00 165 64 333 196
187  107.80 70.00 128 69 326 147
197  98.56 67.00 126 70 296 158
201 80,88  T4.00 152 49 302 152
236  106.12 69,00 110 72 290 141

Control 29.10 61,80 160 64 256 124

Note: Polypleid plants were marked out



variation among the'pélypldiﬁa
‘Siz?'of frg%ta 4 of  Yield of ' o o
- {in inech) o O ield of Area 0! "
— it pients  leaves _ sracmenss of,
Length Girth set (in g) {in Sq,cm) e q

115 1,07  48.47 229,82 100,23 1.33 = 0.27

x

1,23 1.15  43.75 186,60 103,43 1.43 £ 0,29
1,10  1.23 53.62 153.60 84,23 & 3.04 ¥ 0.61
1,02 1,00  53.17 204,75 93,34  1.36 & 0,27
1.59 1.41 60,57 180.83 195,46 2,33 3 0.47
2,00 1,05 58,85 197,10 103.43 4,07 £ 0.82
1. 80 1.84 . 45,09 168,40 100,22 - 3.66 £ 0.73
1.01 0.97 53.37 157.35 92,69  1.00 £ 0,20
1,44 1.56 50,33 150,46 . 100,99 4.3 % 0,87
1034 0.88 48,62 140,90 87.38  2.33 T 0,47

1,39  1.18 48,21 128,83 84,93  0.98 ¥ 0.20

aiatisticslly and confirmed cytologically



fable 11

Varistion in pollon sberility end pollen a@ize

anong the polyploids

§§§?t | ?Qile%i§ﬁ§§iii%y ?a%%gmq%ize
32 44,18 13,69 & 1.36
34 42,00 21,15 * 2,16
61 © at.28 - - 18,42 % 1.89
84 21,76 14,242 1,36
134 40,29 13.42 % 1.36
135 35,38 | 24.81 % 2,44
187 39,99 12,88 31,22
197 44.95 19,53 ¥ 1,89
201 27,41 16,95 £ 1.76
236 55,49 13.29 2 1.36

X

Contrel 30,07 9,36 £ 0.95

Note: Tolyploid plenis weve merked out statistiecally
and confirmed cybologically :




Table 12

Variabion in the distribution =and gize of stomats

among ‘the polyploids

Frequenoy

?%i,?-;; of stomsta/ ‘ : szeaf m:om?f;i'(‘invm e
A unit ares | Hesn 1@ggﬁh Mean width»
32 5.34 26,58 £ 0,27 - 11.12 ¥ 2,97
34 4.33 21,15 £ 2,17 1.08 & 2,17
61 8.46 13,69 £ 1,36 . 5.02 1,89
84 4.83 26,58 £ 0,27 >se.71 I 2.17
134 7.16 17.59 % 4,76 13.15 % 2,58
135 8.34 19.79 < 3.93 9.89 & 2,03
187 4,23 18,03 £ 3.66 10,17 & 2,03
197 5.93 16,14 £ 3,25 12,07 ¥ 2.44
201 7.6 28,48 ¥ 5,69 11.53 £ 2,39
236 6.86 31,05 £ 6,24 15.32 % 3,42
| Contyol 9.97 25,22 £ 5,02 13.42 & 2,74

Note: Polyploid plmnts wore mevked oud statistically

ead confirmed oytologically -




49

stonata of theae plénts. In the polyploid plents the
leaves were thicker thaen the diploids (Plate 5). The size
of the atomata éaﬁ also larger in the polyploid types
which resulted in the distribution of less numbey of
elomata per unit avea (Plaie 6). The fruit size in the
polyploids was smaller when compared to that of diploide
(Plate 7). However the seeds were bigger in aize.(Pla%@ 8).
Betnile of cybological snelysmis of the above plenta eare

given acparately (vide Teble 16).

Isolation of susnected polywloids based on movphologiosl

abnoranliitiecs

In the Gg generetion cerimin plants showed extreme
abnoernalities such a8 crinkling and lobing of leaves,
dezrker pizmentotion of the folinge snd stunted growlth,
Such plants were separately studied snd the dala for their
rorphelogical characters, frult set, yield, ares of logves
snd thickness of leaves were given in Table 13, pollen
gberility end size in Teble 14 aﬁé digtribution and pize of

atomata in Table 15.

Prom the dsbles it will be seen thet the plants
which exhibited abnormalities showed increassed polien size,
increazed leal ares, lesa nunbey of stomata per wnit ares,

inecreased stomatal length and increased thicknesg of



Table 13. Moryphologlasl

Height Sypread Time

Pleaty  of of  No. of ‘taken  No. of No. of
Ho, plents  piente branches for flowers fruils
(om) {om) : “flower-
. ing
15 112,00 34.00 35.00 57 18 15
16 95,20 32,00  40.00 .57 18 100
25 82,60 . 41.00 .128.00 59 413 336
35 85,40 71,00 139.00 65 485 240
65  105.00 50,00 . 95.00 51 305 217
86 . 69.72 60.00 118,00 .76 219 137
116 111.00 61.00  80.00 56 48 20
120 . 85.40 68.00 426,00 64 228 . 140
142 92.40 36,00 . 52,00 88 103 83
146 109.20  45.00 162,00 71 379 217
153 . 84.00 40,00 = 98,00 6% 197 145
169 120,40 68,00 86,00 5 265 216
130 106.40 32,00 46,00 71 8 75
293 . 7560 -50.00 118,00 73 627 368
Comtrol 29.10 61.80 160,00 64 256 124

Note: Pisnta ahowing abnormrlitios were



varistions mwong the polyploids

8ize of fruile

‘1. 39

1.18

64.93

_Sn i) fale e’ loe | momess of
ength Girth =ed {in g)  (in Sg.om)
1.88 1,08 19.07 20,52 103.64 . 17.88 % 3.53
0.97 . 1.06 55.56 08,30  95.34 ' 20,75 X 4.20
0.99 1,05 B1.35 33.70 - 92,66  15.73 ¥ 4,34
1.83 1.50 49.48 200,40 . 100,73 18,03 & 3,66
1.10 1.55  T1.14 220,90  104.24  29.43 & 5.83
1055 1.52 62,55  141.30  86.34 18,58 ¥ 3.66
1.34 1,00 41.66  25.00  65.31  28.88 % 5.83
' 0.99 0.87 61.40  140.40 93,43  35.79 ¥ 7.19.
0.87 1.34 80.58 85.70  106.34  41.90 & 8.4
.33 0,34 61,51 280,30  101.56  43.66 ¥ 8.68
1.3 1.23  T3.61 146,00  95.55  26.85 £ 5,29
1.24 1,03 81.51 220,00 99,53 27.53 £ 5.56
.11 1.02 B8.,23  75.90 104,63 28.61 = 5.69
1.34 0.56 50,41 369,90  116.53 13.97 & 2,98
48,21 128,88 13.29 £

2,714

confirvmed oytologically ae polypleids



Table 14

Veriatbion in pollen aterility and pollen mize

enong plants showing ghriormgl characters

et mbemte NG

15 19.67 20,75 £ 2,03

16 34,77 14,10 £ 1,37

25 | 35.47 . 13,02 £ 0,95

35 35,24 7.86 & 0.81

65 55,50 18,31 £ 1.76

86 ~30.56 14,37 £ 1.49

116 35,46 23.79 % 4.34
140 | 39.60 12,61 £ 1.22
142 . 38.36 19.53 ¥ 1.89
146 O 73.09 17.49 £ 1.76.
153  53.21 | 20.61 £ 2.03
169 49.50 | 16,68 £ 1.63
180 47,56 - 14.64 & 1.49
211 " 45435 25,49 % 2,58
' % 0.95

gontrol = 30.07 9. 36

Hote: Pients showing sbnoxmzlities were
confirmed cytologienlly as polypleida,



Table 19

Varistion in the distribubtion and size of stomate

anong the plants showing abnormal charachers

Size of stomata (in Q)

et of Stomaie/ - , -
’ unit ares Moan length Heen width
15 6.03 17.76 ¥ 3.53  0.35 % .89
16 7.46 19,39 £ 3.93 11,39 £ 2,31
25 8.53 28.41 % 4.88 12,61 & 2.58
35 8. 44 .12 £ 2,47 1192 £ 2,17
65 5,76 26,04 % 5,15  13.42 & 2,58
86 7,46 29,56 £ 5,97  11.25 & 2,31
116 - 5.34 26,98 % 5.29 10,17 ¥ 2,03
140 9.76 2712 25,42 11,79 £ 1.63
142 6.43 26.85 £ 5,20 9.09 % 2,31
146 6,26 133,09 % 8,00 10,17 ¥ 2,03
153 6. 44 28,75 £ 5.83 11,25 £ 2.3
169 7,76 43.42 % 2,58 13,02 £ 2,58
180 Te 34 42,61 = 2,58  10.53 ¥ 2,17
213 6.63 24,00 % 4,75 12.61 & 2,58
Gontrol - 9.97 25,22 & 2,71

5.02 13.42

Note: Dlends showing abnormelitien
ecytologieally as polyploids

were eonfirined
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leaves. However with respect Yo helght ond spresd these
plents showed veriations. These plants were cytologieally
examined and the conciusions derived are presentod

separately (vide Table 16).

Cytological observabions én the sugpected polynloids

out of the 236 plants of the O, generation 24 plante
which in genoral, exhibited gigas plunt charscters and
ﬁorphologieal abnormalities, a3 alroedy mentioned, were
guspected %o be polyploids. Studieg on polien and sitomntba
wore als8o usea ans eriterim to confirm the polyploid nature
of the sbove plants. The behaviour of chromosomes of
thege 24 suspected polyplolds ab meiogis was studied,
.cytnlcgi@@l studies of the diploids, which were used &

control, alzo were conducted.

4 dotoiled emalyeis of ‘the cytological observations
of gome oud of the 24 sugpeched polyploids are presented

in Table 16.

: The chromosome number of these polypleide weve
found o be 2n = 48, ms they form 24 bivelents al
diakinesis and the ehroéo&ome number of the diploids
on = 24 5a they form 12 bivslents et diskinesis. Even

though regular bivalentis at dimkinesis end nermal tetrafa



Cytologicel obmervations in polyploid plents

Teble 16

‘E@iﬁﬂiﬁ 1

. Mplosia LI

Abnornslities

- Plend
No.  piakinenie Metaphase I Jnaphsse I Mmgphase 11 Telophmse II recorded
15 24 IIs .o 24 4+ 24 . 4 groups of normal 2 lsggavds in one
{Plate 9) , chromosemes botrads cell ai% snaphose I
25 22 iz « . 24 +. 24 4 groups of noerymal 3 =nd 5 groups of
1 IV chyromosomes tetirads chrorosones were
- {Plate 10) obzerved at snaphose IX
‘ : in 4 out of 13 cells.
Bul ivalents were
' , noted in 2 cells
36 24 Iim .o S 24 4+ 24 4 groups of nornal & orrometin bridge wes
{Plate 11) chyomosomes hotrads foumd inm one cell at
. : Lo snaphese I. (Pleste 12)
The number of lsgzing
chromosone ranges from
1=5. 3 =5 groups
of chromosonmes were
alse oLzserved at
telophpoe IXI.
{Plate 13, 14).
135 24 + 24 4 groups of normal Multivelents were
chromogonng botrada notieced in 4 cnlls,
< o L 1 - § logeards wore

cound in one oell



140

142

146

197

201

236

Condrol 12 iis
{(Plate 20)

24 ils

24 Iis

24 11s

(Plate 18)

24

24

23

24

24

12
{?i&%eféii

+ 24

& 24

+‘2§

£ 28

+ 24

4 24

12

4 groups of
shrenoscneg

é'gwaup@ of

ghromogomes

4 groups of
ghy'omogones

4 groups of
chironogones

4 groups of
chromosonas

4 gyvoupe of

CHTOMOBOMOS

4 grouwps of

oRYonoaones

nornnl
totrade

noymal
tetrads

nornsl
tetrads

nornal
tetrada

mm@l - :
totradn

ﬂormal
tatrads

normneal
totrada

{(Plate-22)

1 eell.

il

3, 5 & 6 groupz of
chronosomes were
asticed in meny cells
gt anaphase TI.

4‘l@g§g@&$‘in one
cell (Plate 15)

%ﬁlti?alen%>farmaﬁ
tion wae nodticed in
2 cellis {Plate 16)

BHulbivalent forma-
tion weo nobiced in |
3, 5&6
groups of chromosones
1&@3 rde also were
found et snephsse I1
(PZ.S% o8 ?7}

3, 5 & 6 groups of
chromooones ware |
found in pome cells,
Tegeing chvomosones
ware obasoyved in 6
cells The number of
lag@m?és renged from
2 - & {ﬁlﬂiﬂ 19)

il

&
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were f@rmed at teleph@aa. oeeasianaily irregnlari%iea in
the chromosome behaviour such 28 multivalent farmaxioﬂ,
laggarda and many'talophaaie ehramaaom@>gren§@ and reroly |
chromatin hriﬁges were cbgaw?ea. Thus the pelyyléids
showed conoiderably high' ﬁegree of aherraﬁians with @eageeﬁ
4o ohromosome behaviour which is al@o ovident fram ﬁh@ |
Table 16.

The grapﬁieal représea%@%ien fax‘ﬁhe various
eharpc%eva 6f the eanfimmaﬁ y@lypl@iﬁa are given in
"f&gawea 2 a o, ?2.
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DISCUSSION

‘This study wee mainly confined ‘o the geunersl
morphological features of the G, pepnlatidn and the -
detniled cytologicel anplyeis Qf the emapected polyploida.
The plents in the G, generabion exhibited wide morpho-'
logical veristiona which resulted in the helerogenous

nature of the population.

The percentage of gevaination of sceds obtained
trom the C, plén’%s&s renged Trom 20 to 100 per cent. In
the @iﬁlai&a 90.05 per cent seced germinabion was recorded,
A highex percentage of sced germinetion wss seen iR many
of the &2 lines when compzred with that of the diploids.
Such o high gerninability of tetrapleld seeds haove been
reported in g esomun (Kobaygéhﬁ znd Shimemuras, 1942, 19493
Srivestava, 1956) in eorchar&m (Kunéa and Sharma, 1946)
ond in black gram (Sen snd Cheda, 1958). However, there
wore lines with very low pereentage of germinaﬁion.

?al et 2l (1941) recorded roduced germination percentage
in polyploid chillies. The seeds, in most of the poly-
plodiéd types began germinating Prom the 5th agylof sosking,
as in the diploida. A‘delgy in gérmination wae noﬁic@ﬁ'

in coritain lines which suggests thet more number of
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polyploids may be ocouvring in those lines. The rate
of g@rmin@%ian of polyploids wes comparable with that

of dipleid seedan.

The dmta on the h@ighﬁ, gpreed and number of

. brenches (Table 2) a&a@eﬂ that the plents in the G, 11&@%
in gemersl possesaed greaber growth end vigour. This
iﬁ@r@&ae&'ﬁigoﬁx of ?1ﬁn§s'migh% have B@@ﬂ emﬁﬁribu%@a
by ‘the ocemrrence of nore number af'yélyploiaa in tho

¢, gemeration. Rao ot gl (1944, 1945) found in tetre-

ploid jute smd Srivesoteve (1956) in Sesamum orientale T.
that the Gy plents were characterised by the glges
nsture. On the other hsnd Zimmewman (1958) reported
ﬁﬁa$ the tetraploids of fdgage‘gxasaaa w&i@ 1@5@
vigorous. Sen and Cheda (1958) elso reported the loss
vigorous nabture of the Qg black grem. . With reapect to
‘helght and a@yeaﬁ of planis, there were lines which
showed inecrepsed and ﬁemreg&eé growth, more snd less
numbey of brenches, then the &iplei@a; @hé number of
branches is of importence in chillien where fruit is
the econonic product. Bub the incresss o¥ ﬁgéreaﬁ@ in
ﬁh@'ﬂﬂﬁb@?vﬁf branchos may net be found in seversl cases
proportionate to the yield. Thie esn be explained me

due o the low fruit set nobiced in memy cases.
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Bomanujem end Joshi (1941) reporbed a reduction in
height ond leseer numbey of byanches in the 62 glantg

in Qicer grietinum L., while Mehbta, Subremenyem and

Sgaminaﬁhan (1963) obeerved vigorouy plam% growth and
more number of branches in the Gg population of btetra-
ploid berseem., Mettin (1965) oboerved that the helgh®
of plants in’%h@”ﬁz’yapaiaﬁiﬁn was decrensed in pegilong
gpeltolides., - Ghodgeonker, Eéahpam&e and Eé@har (1965,
1966, 1967) showed that in ehillies the C, plents wore

gigentic having increased height. Ahloowslis (1967)

reported veduced biller mumber in Tye gvase.

A delay ﬁm’flgwering by three o five days was
noticed in two of the G, lines compeved %o the diploids.
3anﬁelph‘§1944) in maize, Tendon znd Chinoy (1950} in

pmpranthus. bilitum, Srivastave (1956) in seczame,

Spasojevie (3956), Kumar and Abrohem (4942) in Phaseolus
all obzexved delayed fl@wariﬁg in the betraploids. In
regpect of the number of ﬁlowére produced by the
gifferent lines in the C, genersblon, there were planis
wi%hnhighax‘gs.w$11 ag loweoy fleweg produotion, High
fiower yi@éueﬁian in polyploiéds have'begn reported by

Romenujom end Joshi {1941).im Cicer arietinum..
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Kiuge (1957) found less nuuber of flowers in Fragevis |
yesep. In the lines which showed signiflcently highep
flower production (Table 3) it esnnot be concluded fﬁ@ﬁ ,
the evidenece et hand whether it was due %o the ocouvrrence
'eﬁ more numbey of polyploids in these linesw or due 40
other faclors. Al%&@ugh g wide veriation existed in the
flowey yr@éﬁa%ﬁan, the firuit set in the ﬁg_pOpglaﬁi@n on
the whole wes lower then that in the diploids, One
'p@@%ih$e~ex§1aﬁaki@a ig the poow Lyruil set noticed in
mozt of the polyploids in the G, generation. The ooccur-
‘ponce of different levels of polyploidy slong with
diploide might have slse contributed towsrds this G1fCo-
renee in the fruit seb. ILow frult seb inm polyploid
plante have been veported by seversl workers.
Perthasarathy snd Kedarensth (1945) end Kobaysehi end
Shimamurs {(1945) reported lower fyuit setbing in the
polyploid sesamum, while Kevaos—schnelder (1959) found
no Aifference in fyuit sebiing from the diploidse in
%ﬁm&hﬁéﬁa ks the percentege of Tfruit seld was low a
eorresponding ﬁ@@reégé in the yield was aloo nobiced,
Moffett snd Nizon (1960) reported similer findings in
Acaois. A lowey fxuit seb is not slways the cese in
polyploids, Nishiyema (1550) found that the tetraploid

radish gave higher yield theon the diploidss Necessarily
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%he contributory Efactor for yield 1n radich ig the roots,
The Gy lines surpassed the corresponding diploida with
respect Yo the weight of seeds. High seed weizhi in

polyploids have haen reported in‘Eraﬁamia vesos

(Riuge, 1959) end in Becanum indicun (Tanghsm, 1952).

The mownhaleglcﬁl gharncters of polyploide which
were cgtnlogicmwly confirmed, showed cnnﬂjdevabla
vavzat&on (Teble 10, 11) from the diploids in charactors .
iike height, spread, number of brpneh@s, number of
_£1owar@, numbev of fruitmg pe?eenu¢ge of fruit set,
yield etc. Such variations have been reportod by
' Perﬁha@arathy and Keﬁarngth (1945) in Seosmum (increcsed
height snd more ﬂumb@r of branches end lesa number of

capsﬁles) Bhottecharjee (1956) in Calipnue onien (Lower

pumber of brenches), Romanujem end Joshi (1941) in
Gicér avia%ﬁnum'(lwrg@ aunber of pods) snd Mehts ob sl

(1966) &n Tr&felium foenum-zroecun (lower seod geb).

The gelynla&ﬁs produced smallor fyuite when compared
o the ﬂlplOlﬂQ. sen znd Cheda (1958) obl a&na@ ashorter
pods in ‘the polyploids of black gram. singh (1955) also

reported reduced fruld asize in Cerica papaya. Production

of smeller fruits in tetraploid chillies wes zlee

recorded by Alekeic (1961).
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The @@lg@l@idip&&ﬁ%@ exhibitted a slower growih
rate in the initis)l sbtages and & ropid growth vabe later
{(Fig, 2). Thia obmevvation ig in agreonent with the |
saylier findings of Jsnakl Ammel and Bezbavush {4062},
Hetardabion of i@iﬁial-@r@w%h on paig@l&iéa wWore #loe

pbhoserved by Arin (1940) in e0tlon.

Apardt from the glgns éha@aeﬁérs exhibitied by the
polyploid plante there were extreme abnormslitios noticed
in severel G@é@g'in the Gg goneration, Such planty wér@
&mawm@%y%@%ﬁm@@mm@mnym&meI%
wes intéresting to note thet plants exhibitiing extrene
' gbnowmalities heppened to be polyploids. This meens
that 1like émeraaaeﬁ vigour, nolypleidy cen eloo find
expreasion ap shuormelities in ohillies, The ghﬂ@fm$$i~
tiea né%@a were inidtisl atunted growth, erinkling of
leeves end dnrker plgmentation of the folisge. Stebbing

(4950) hnd revoried abnormalitios such o8 éw&xfim@ and
'wgi@kla& féliagevaga@@i&%@é with polyploidy, @épal&krighnﬁn

md Shestry (1964) slso distinguiched tebtrsploids of

Oryze suotrpliensis on the basis of their derk green

folinge.

?mlg@lai&y is usuelly sccompanied by glase

charpeters exproseed as increased vigouy, lavger leaf
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ares, lﬁrg@r>p6?1@ﬂ and stomatal size. Inﬁéramma (19 535:
roporbed thab the polyploid chillies exhibited inm’m&ae&
nlant hsaghﬁ, increased loal area, sbonabtal aize ﬁﬂﬁ
pollen size. ©Uhe had fixed these characters for the

polyploid plante.

in the nra&ema aﬁaﬁgg @?@iﬂ”@g an o ;tﬁémy% was
mnde bto isolate @olyglom@s based on the aba?@-m@#ph@lagim
eal charactors as i ; was n@%'péaaibla o study all‘%h@ |
plents individually by eyiold ﬁsgmal neth aéé; Baged on
the e@ﬁfQQQn@e 1inite fixed fovr the morphologiesnl
@ﬁhr&?ﬁ@%ﬁ f@r %h@'ﬁiplaiﬂs 17 plavts weve isolated and
“ayﬁmlagiéﬁl siudies showed that 14 plents Shus isolated
Wore polyploide. Three weve fﬁﬁnﬁ 0 be ﬁi?@ﬁi@@..’
~ Ramanujom gﬁﬁ Jeaﬁi (1941) 2lmo ohserved the @ﬂa&rr@a@é
of &iploids in %he Qg population of telyapleid gram

(Gi@éy areltinum). @ﬁiq confizme the eavliier fzﬁi&ﬁgﬁ

that in chi 1lies polyplolidy is exhibited by incveased
VVigamr iu mawghﬂlﬁ@xaal aﬁar@e ters like plent helghtd
and vigéar¢ In poly Qiﬁiﬁy breeding in . ¢hi lii@ﬁg
%hé@@fareg the abave noyphological ehéramﬁgra thus

Y :
helpe to select the polyplolda ! Lrom & 1&.@& @aaawaﬁien.

" such methods have been adopted by Remenujem end

Joshi in welecting polyploids of Cicor prictinum in the
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Gg géneratian. Pal., Remznujen and Joshi (1941} aleq,pt"
foumd thet the polyploids of chillies in the'ez genér&»
tion were chorecterised by lavger stomata, bigger pollen
graine, increased thickness of lesvea ete. In the
present study sleo inercaszed stomatal asnd pollen size

- wore recorded in galyploids. The ssme observation ﬁa@
made by Georgieva (1961) in the %@%rapioi&a of Capsiocum.
Increased stonetel size in the polyploids were nofie@a
by chayaahi and Shimémura (1945) in sesemum. Armstroﬁg
anf@ Roberitson (1560) found that tebtraploid slsike clovers
surpassed the diploids in cheracters like pollen Gilameter,
ptoma size eie. ILuongdinhouzm {1950) noticed increansed
size‘ef pollen greing in the polyploid vice seedlings.
High @@rcenﬁagevaf polienza%@ﬁility was noticed in the
opae of‘all the confivmed polyploida, Pal, Romapujsm ond
Joshi algo revorted 30-80 per eémt pollen sterility in
tebraploid ehilliea. Similéw pboervation was repovied
by Kundw on@ Sharme (1956) in the teireploids of

Gorchorus olitoriue,

The polyploids in genersl showed wide differences
in Tembures such a8 slower growth rate, latey time of
blooming ond less fertility tbhen the diploid progenitors

and an overall increamse in sizge of the various organs of
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obzerved by V@rieus_@gxli@r'warkers, The cytelogy of
nolyplolds glso is & mnt ter of wide varlabi@ﬂ. ﬁaﬁy‘
abnornalitics were melt wa%h in %he mela%ie &iviaaen @f
thene n@iymlsxﬁ& which may be h@ cause faf low geea sol
in @@r%&iﬁ onsep. In the firset meiotie éivialea the
diakinesls was normgl in most cmses, sithough quadrives-
lents were occosionully wmed with, Pel, Repenujem ﬁn&
Joshi (1941) found 0=7 quadvivalents gnd the rest
bivaleats. Quedrivelen$ formabion wos gleo noticed %o
poenr in diskinesis by Richharis and ersal (1940),
K@b&ynﬁhi and Shimamurs (1940, 1952) in segsmu and
Remuson end Loven (1939) in sugarbeetb, Bub the froquency
of quadrivelents observed in Whis cuse wad mueh 1e@$ then
thnt was veported by the sbove suthors, Sen and Cheda
(1958) veporied few quedrivolents in blmek grem. Chiomatin
bviﬁg@ anﬁ laggavd Torestion weve glga ohuorved, ﬁam@mugam
end Joshi {1941) @nﬁ@rve@ one chyomatin bridge ab
éﬂw”hﬁﬁé I. Ocounrrence of 1aﬁga*ﬁq have boen raported %g
Laws {1961) in the %etya@laiéa of Denothors and Islem (1960)

in Annons Souanefs. A9 meny a9 aine loggar ds were observed

in some cells. Three, Live snd six btelophssic groups of
ghiromogomen wepe alzo observed instesd of novmal tetrads.
Zowl {1964) reporied three wiegual but independant '

funetional groups ml saapvhase IL. Such g deviation Trom
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,the,téﬁraé,ﬁqrmaﬁigﬁ'may,pxgbablsi@ue talthégformaﬁién :
. of laggarde %%»anaphggérané tga uﬁg@uai éi@jﬂneﬁi@n bf
the quadrivalents formed ab diskinesis, This may slso
be due to the sbnormelitios in the f@mm&tﬁen of Spinﬁle
.whﬁah‘mﬁy be mulﬁ:gaﬁar in nature,

'-Qha rony &hno@maliﬁiea fLound in‘ﬁhg,meieﬁie.
éiéiéiaﬁ-éx ﬁhe.gélyyidiﬁs-gaa bé aliributed to high
pollen oterility end low yércantéga of fruit set
abgéng@ in\m#nyfbf‘%ﬁs paiygl@iéa. The oytologlenl
-atﬁéiés bﬁla?‘pianta isélaﬁééffﬂam the ‘0, population
béﬁéa on méﬁﬁhelegigglvQh@raﬁ%&rgfanﬁﬂahnarﬂaliﬁiee
eﬁﬂwaﬁ that 24-§efe teﬁx@pl@iﬁ&~aﬁé‘ﬁhf@a weré diploide.
@&ia givag us enaugh rooson to think khaﬁ the QQ geneg-
ration may ccnha&n larger nunbey of. @iylaids, It seeonms
ther@fare pa&aible that the Q %etwanlaiﬁ was . really 2
mixnplai&, Smeh an’ aeauvvenee of Gi tetraploida wniah
we?a lw*ex eamfirm@ﬁ to be mmxanzaiaag based on %he
@ragﬁﬁy perﬁorman@a, was ﬂaserihea by Ramannéam aﬁd
' Joshi (1941) in Cleer gr@@?@num.“
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SUMMARY

’mgg pragen§ sﬁuﬁy was wderialken in the Diviaion

- of ﬁgriaulturé*'Batany;‘AgﬁienltﬁraiAGbllege and RBesearch
Instibuta,\?ellayani with a view %o atudy the moypholo-
gieal varxﬁxlon& that exis“eﬁ in the O, genewatlon of the
colehicine induced tetraploia chilliies, metailed marpho—
logical studies of the plemts inm G, generation end oyto-
logicel analysia-éf the sﬂsymetéé-p@lyyleiﬁﬁ WOre

conduched.

, The se@ﬁs‘fxom the cohehicine induesd polyplold
‘ chillies were carried eve@ to the €, geﬂeraﬁibﬂ.' From
. the eytologiesl obmervations made on seleoted individuais
in the G? p@aulatinn, it wae revesled thal thore cocurred
24 tekfenloiaa and thres ainlslﬂa, lending Yo the conclu-~

pien that The 81 babraylaid wes posaibly g mizoploid,

Soue of the individusle ohowed stunted growth in
iearly wta@@a. But most were féuné to e gigss in éize.
A aeneral inorvesue in tho.vigour of morphological chars~

cbers puch a8 height of plents, anrea& of plsnts, number
of brenches end yield of fruites were found in all caces

ofrpolyplai@s. However, asbnomglitics like dwarfing,
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G rinLling ond &ark fblaar nigr@ntatian were alaa naﬁiced
fwmth certaan nolynlaiﬁa." Thza may be the perpiabing
effect of eoluhlcine in Lnducin% ﬂefbrmicios in the 32

‘ genera&ion also.

Bened on the morphological varigéiona, plant
abnormalities and etomatel and pollen chavmoters, 271
plents were'isalateﬂ e suspected polypleids, 4 dedailed
study on %h@‘éytslagy.of these plaﬁﬁs wae cénﬁuate&'ané |
out of the z?ﬂsmsgeaﬁed.gclyplaiﬁs, 24 wera found %o have
48 chromomomen gad %hega_wera»¢aafifmeé fe be %etrsgldiés.
A% the ﬁorphalogﬁcal eharae%er@,ware studied for these
o4 ycilypmms.’ and it woe found thai in genoral they
oxceeded the diploids in the over all vigour of the
plants. These plents were aleo charnctevised by sm
iﬂcraaaeajyolien aberility and-iarge? but fewer numbey
of s%émaﬁa; In general reed solling end yielﬂ were found
o be low in ﬁhe.tgkﬁﬁpleiﬂa.~ The posaibleﬂrale of
polyploidy breeding in chillies has been dimcussed. -
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| APPENDIX I

Mnelysis of varisnee for the height of plante

D, 7 Varisnce

Sourece Seds " F ratio
Total 137253.98 159 863.23
Prontment 109284,55 10 10928, 16
| - 58, 21%%
149 187.73 |

Error - 27972.43

% Signifiecent aﬁ 1% and 5% levela

APPENDIX 1%

Malysis of varisnce for spread of plants

Source Se8. ﬂ;FQ Varisnce F raotio
© Tremtment 12377.86 10 1237.79 4. 06"
Brror  44125,70 145 304,31

#% Significont nt 1% and 5% levels



APPENDIX  IIT

Mnlyaie of varisnce for number of branchen

Source 8.5, D.¥, Variance P ratio
To kol 220449.34 151 1459.93
Trentment 71376.50 10 7137.65
. : o B, TH%
Error 149072, 84 141 1057.25

. ** Significant at 1% and 5% levels

APPENDIX IV

Mnelysis of varience for duratbion of flowering

Source $.5. D.F, Vorisnce P ratie
To tel 543,87 30 18.13
| Treatment 261.87 10 26,19 1.8

 Ervor 282.00 20 14,10

F ratio is nod significant



APPENDIX ¥

Mglysin of varisnce for numbey of flowers

. Source Fe e . ¥, Variance | P ratio
To bl 2244005, 97 159  14125.82
Treatment 390340, 26 10 39034.03 5

3,93
Lrvor 185665, 71 149  12454.13

P raotio is significent at 5% leovel

APPENDIX VI

Mglysis of verisnce foy percentage of fruit sel

Souree S.5, D, b, V&rianée P ratio
To bl 5773.68 30 192,46
Treptment 32,88 10 3.28
0.67

Erroy 5740, 80 20 287.04

P rotio is not significant



APPENTIZ  VII

Anelyois of varisnee Loy number of fauits

Sea&e@ o S;&; : B?F, "V@riance' F'raﬁia
Totel 19481100.00 144 33528&42
Trogtient  53197.91 10 . 5319.79 6.93
Ervor 19427902.09 434  144984.34 -

F ratio is not significant

APPENDIX VIIX
Anmlyais of vmriaﬁaa.fer yield of fruits
“$égrée | 8.8,  : : iQ;?e" Varience ¥ raﬁi@
To tal '1927335§.80 144  133842.60
Trestment  265763.00 10 26576.30 0.1

Srver  19007587.80 134  141847.67

¥ robio ie not sisnificant



APPENDIX IX

Mnglysis of varienae for area of leaves

 Souree . SQS, | . ILE, Voarionce P yatioc
To bl 107, 44 30 35,81
Troatnent 5,30 10 0.53 0.11
Errer | 102, 14 - 20 5.04 3

P ratio iz not significent

APPERDIX X

tnzlysis of varience for size of pollen gyeing

Source -‘S.S. - D P Varimce P rabio
To tal , G2, 20 . 24 3.2
y Presiment 1.95 g 0.22
. 0.05
Eyroy 90.25 20 4.51

P rotio iz not slignificant



APPENDIX XTI

Maalyzis of verisnce for digstribubtion of atomata

Source S.S.‘ B,?{ Voriance F robio
Total 174,80 30 . 5.83
Trentnent 127.69 10 12,77 _
: 5.41%
Brror 47,11 20 2.36 ‘

* F ratio is significant at 5% lovel

APPTNDIX  XIL

Melysis of varisnce for 1000 seed weight

Soures s.8. ©.F. Varienee F rebio
To el 100,75 29 - 3.47
Prestment 40,98 9 4.55
, | 1,52
Exvory 59,77 20 2,99

F ratic iz not significent



APPENDIX ¥ITI

X2 teble for pollen sterility

o

Treptments X© value
Tine 1 Vs Control 0.03
Line 2 Vs Géntrnl 0. 15
Line 3 Ve Contrel 0.008
Line 4 Va Contyrol 0. 43 |
Line 5 Vs Control 0.097
Line 6 Vs Cantfml 0,008
Line 7 Ve Control © 0.0001
Tine 8 Vg Contyol 0,02
ILine 9 Vs Control 017
Tdne 10 Va Contael 0,017

Criticsl velue for xg (0.05) = 3.841

Wone of the veluee sre significant



APPENDIX XXV

Chavaosers | N X% walue

Heizght of planis - Xg

o

Spresd of plante Xg = 52,6

Humber of flowers 2 . 75,2

I

Humber of fruits x5 =175.01

weight of fruite T 32 147,88

Oritiesl velue of xg (0.05) = 16,92

ﬁhna_gf,th@'xg velues are significant.
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PLATE I
Polyploid plant showing height

PLATE 1

Polyploid plant showing the vigour






PLATE III

Comparison in spread between polyploid
-:3 diploid

(R, T, 86 -~ Polyploid
r S
¢ « Control)

PLATE IV
Polyploid plant showing the spread






PLATE V
Leaf section of the polyploid plant.






PLATE VI

Sizge and distribution of stomata in diploids

Size and distribution of stomata in polypleid.






PLATE VII

Comparison of size of frults between
polypleoids (P) end Control (C)

PLATE VIII

Comparison of size of seeds between
polyploids (P) and Control (C)






PLATE IX

Diskinesis in polyploid showing 24
bivalents

PLATE X

Late telophase II in polyploid showing
normal tetrad






PLATE XI

Anaphase I in polyploid showing 24
chromosomes at each pole

PLATE XII

Ansphase I in polyploid showing one chromatin
bridge in one cell and laggards in
the other cells






PLATE XIII

Late telophase II in polyploid showing
three groupa of chromosomes

PLATE XIV

Late telophsse in polyploid showing
five groups of chromosomes






PLA!I xv
Late anaphase I in polyploid showing
4 huusl

PLATE XVI

Digkinesie in polyploid showing mul tivalent
formation






PLATE XVII

Late ansphase II in polyploid showing 6 groups
of chromosomes and laggards

PLATE XVIII
Metaphase I in polyploid






PLATE IXIX
Ansphase I in polyploid showing 8 laggards

PLATE XX
Diakinesis in diploid showing 12 bivalents






	image23705
	image23706
	image23707
	image23708
	image23709
	image23710
	image23711
	image23712
	image23713
	image23714
	image23715
	image23716
	image23717
	image23718
	image23719
	image23720
	image23721
	image23722
	image23723
	image23724
	image23725
	image23726
	image23727
	image23728
	image23729
	image23730
	image23731
	image23732
	image23733
	image23734
	image23735
	image23736
	image23737
	image23738
	image23739
	image23740
	image23741
	image23742
	image23743
	image23744
	image23745
	image23746
	image23747
	image23748
	image23749
	image23750
	image23751
	image23752
	image23753
	image23754
	image23755
	image23756
	image23757
	image23758
	image23759
	image23760
	image23761
	image23762
	image23763
	image23764
	image23765
	image23766
	image23767
	image23768
	image23769
	image23770
	image23771
	image23772
	image23773
	image23774
	image23775
	image23776
	image23777
	image23778
	image23779
	image23780
	image23781
	image23782
	image23783
	image23784
	image23785
	image23786
	image23787
	image23788
	image23789
	image23790
	image23791
	image23792
	image23793
	image23794
	image23795
	image23796
	image23797
	image23798
	image23799
	image23800
	image23801
	image23802
	image23803
	image23804
	image23805
	image23806
	image23807
	image23808
	image23809
	image23810
	image23811
	image23812
	image23813
	image23814
	image23815
	image23816
	image23817
	image23818
	image23819
	image23820
	image23821
	image23822
	image23823
	image23824
	image23825
	image23826
	image23827
	image23828
	image23829
	image23830
	image23831
	image23832
	image23833
	image23834
	image23835
	image23836
	image23837
	image23838
	image23839
	image23840
	image23841
	image23842
	image23843
	image23844
	image23845
	image23846
	image23847
	image23848
	image23849
	image23850
	image23851
	image23852
	image23853
	image23854
	image23855
	image23856
	image23857
	image23858
	image23859
	image23860

