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INTRODUCTION



 INTRODUCTION

The phenomenon of polyploidy was one of the
‘objects in sarly cytageneﬁica1~stuﬂieg.4 Conmencing with
the diséovery.af polyploidy in Ognotherg by Lutz (1907),
this vas subsequently found to be one of the most wide-
spread and disiinetive_faatufea of fairly'lérge number of
’ plént ap@cieé, The realisation that most of the valuable
crop plants such as vheat, oats, cotton, %@baéco, potato,
bangna, coffoe, sugaréane etes are natural polyploids and
“that many of the pély@l@iﬁs gogseséaﬁ“sn@erior econoale
pr@parties over the»ﬁipl@idég led to a more @xhanstiva
exylorétien into the scope of its being introduced artifie-
cially into the fleld of plant breeding, wiﬁﬁ s view to

evolve promising crop varieties.

The foreumost sueeessful attempt on the artifie
cial production of poliyploid Qas made by Winkler (1916) in
Solanug pigrum, by decapitation method. He was able to
obtain a tetraploid form of Solpnum nlerum by this method.
Later many workers héve tried to induce polyploidy in
plénts artificially by different treatments such as témpe-
rature, andvhy chemlieals like ééenaphthans, chloral hydrate,
ethyl mercurie chloride, etec. Hone of ﬁhasé processes hove
ever was very'rewarﬁing from an experimental point of view.

?t.was with the practical epplication of colchicine techni-
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que, proposed by Blakeslee and Avery (1837), that the way
vas paveﬁ for the prﬁduetion of palyploias in virtualiy Ul
limited numbers .

The alkalaid eolchicine is extracted from the
corms and seeﬂa of the auﬁumn erocus (gglghiggg an&gmaalg)
belaﬂging to the family.&lliae@ae. '

Induced pslygleiéy has a dis%inct area of usefule |
ness in plant brae&ing. ks ana of ﬁhe recent techniques, it
is fcund to be readily apylicable as a valuable tool in crap |
imprcvement. ‘Colehicine inéucea palgpkeids of many erap
~plants have becoue established themselves as pronising variee
ties. BEg:- Red Clover (Levaﬂ, 1948)3 Tﬁrniﬁ {Levan, 1%485;
Water Melon €xzhara, 1951)3. Ry@ (ﬁuntziﬁg, 1961)3 Raddish
(Nichyeamo, 1952)5 Grapes (Olmo, 1952)3 Sugarboet (gt Sumura,
1953); Bersecm (Mehta and Swaminathan, 1965).

‘ | It may be worthwhlle to have in mind, the remarks
of Bogyo (1941) in his study on tﬁa role of polyploidy in
the origin and propagation of sy@éies.' He concludes that
the plant breeder need not @xpectlaay.m;%acles from the applie
cation of polyploidy in plant breeding. Its most useful A
- application, as he censia@rs, is the pruéucti@n_éf fertile
hybrids (Allopolypiotds). |

Sesamun (ﬁg&gﬂg@ indicum, L. ) is one of the popu-
lar oil yielaing erops of India. It belongs to the family

s
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Pedallagceae and known by vérieas names viz. sesame,-til,
giﬂgelly,-simséﬁ ete. It is cultivated mainly in Indla,
Durma, Viatnam; wanéhurieg Japan and éfrica§ for its high

- quality oil, §§§ﬁ@ﬂ§»éaélsﬂg and 8. orlentals were used

as synonyms, but now the aama~§. indicun is preféﬁreﬁ to
the other name, as this inéiéaﬁeﬁ thslcauntny to which the
species belongad‘(ﬁruee.,i958a5. The chromosome numnber
of the Bpecieshié gn»gté6 (Moringa gt al. 1929). The scope
of polyploidy bré@dinghiﬁ this erop has been stn@isd by
Richharia and Persai (1940), ﬁﬂbayashi and Shimemure (1948)
and Shrivastava (1956) .,

To throw more light on the subpe of induced poly-
ploidy in this crop Hair (1955) has taken up the study of
induction of polyploidy in 3e$amum'hy calﬂhiaihe'teehnique,
with a view to evaluate the eéunamieiasp@eta on its practi-
.eal utiligzation, and to sﬁﬁ@y the morphological and cytologie-
cal abnormalities asﬁaciafea with colch;cine'tedhnique.

He has isolated some suspected tetraplaiés from “
thelcl generation, and the prosent investigation I1s the centi—r
nuition of his work using the seeds from the suspected poly-
plodds. |

The obﬁects of the present study are:=

1. To study the Cg generation of the suspected
_palyploids in comparison with the ﬂipxeias, and. to study'the
ertent of palyploiﬁa in € generation.
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2. To cross mtraploms and diploids reciprocslly.

3. To study the Cg genemtim of the tetraplam,
a}.cmg vith plants fmm the cmssed seeds and ﬁiplaic}s, tc
understand the extent of triplei@s obt_aimd from the crossed
- seeds, and to have a camparative idea .@f the morphological and
cytological behaviowr of ﬁetr.apl@ids, triploids and diploids.,
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AEVIEW OF LITBRATURE

Polyploidy was first‘dlseoﬁareﬁ by Lutg and
Gates (1909) in the glant plams’ of Qggggm zga@amg;m.

v Latar Yuntzing (1836) anﬁ Stebbins (1@59) bave
; maﬁe an estimate of palyplaiﬁy in. angiasparms, and found
that more than 50% of the angi@sparms are palyploida. This

sh@weﬁ that it 13 a8 featura af wiﬁe.aecursenae in nature.‘

1

. Stebbing (1938} has esmmatea that ‘the highest
;percenta@a of p@ly@l@i&& are f@un@ in pereﬁnial herhs,
‘smaller frequency in annusls and 1aw@st‘£$aguenay in woody
plents. ; o B

Some of the polyploid crop plants are rice, wheat,
naize, cotton, gnﬁéte, @?ﬁ&ﬂﬁﬂﬂt? awewg potato, banana, sugare

- eaney coffee, brassicas ete.

Induction of ?olg?le

B winkler (1916) ﬁgieﬂ the aéeagitatiea and callus
method for induecing polyploidy in §g;aﬂgmln$gzg§.
Later, Lindstrom and Koos (1931) tried this method

suecessfully in haplaia_tomataes.

Oreenleaf (1938) treated the cut surface of
Hicotiang with 1% Indol Acetic ecid in anhydrous lanoline to



né‘q

promote the farmaﬁian of calius tissue and aﬁveétitiaua buds.
13.7% of the adventitious buds formed from the callus tisgue
were polyploids, | |

Handolph (1932) has succ@eﬁea in indueing poly~
plﬂiﬂy in Maize, by treatimg the ear at nigh temperature at
the tiume of zyga%e formatimn.

Muntzing (1238) was able to isolata polypleids
from the twin seedlings of Rye.

cglehining 1s a poisonous alkalold, genarally
extraeteﬁ fron. the seeds and corms of eittun ermcus {Colchlicum
gg;gggg;g, Tre) belangiﬂg to the family Liliaeaae.

891ehicine in its prosent role as a valuable tool
in biologleal research was first introduced by Dustin (1934)

in Belgium, He recognised it as a\miﬁaﬁic poison.

, ¥ebel and Rutile (1937) ciearly'demanstrataﬁ that

Colchieine acted upon mitosis. For the first time they

brought to Light 1ta importanee as a tmal in inducing pmlyu

" ploidy in plants. Further the effleiency of colchicine was

made clear hy Blakéslee and Avery (1937) in their éxparimants

on Daturg stramenivg and other plant specilese. '
I

4
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The horigon of colchicine research widened quickly
when many other botanists learned how éffectively the drug
could be used, Its high solubility in water and 1ts non-
toxic nature to plants at cgnﬂantrationlthat are effective in
inauciﬁg polypioidy, are the nmajor advantazes sttributed ©o
colehicine, in its sucéesstui application in botanical resesrch.

Hany of the valuable orop plants such as wheat,
voats, cotton, tobacco, pdtatp, banana, coffee, sugarcane are
found to bé ngtural pnlyplaiéé‘and these polyploids possessed
superior econonice qaalities'éver thelr diploids, ‘This)toge-
ther with the moire recent invention of the well{reputed col=
chicine technigue has been respansiblé f@r:fha éaginning of
g new trend in_agricultural iesearéh. The eolchicine techni-
que subsequently has found unbounded applicablility in crop

improvement.

Golch; nﬁgggﬂmﬁwlxnwgiia

’ F3e o - A '
, Heble and Ruttle {(1938) treated cuttings of
Trad :gglgga with 0.2% colchicine for 4 hours and
induced tetraplaidy.

Pel et sl (1938) induced polyploidy in chillies
by treating roots of seedlings with 0.05% - 0.4% colechicine

for 4 - 6 hours st time of transplanting.

Muntzing and Runquist (1939) treated seeds of

Pinus ponderosa with 0.02% aqueous solution of éolchicine
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for 5 days end obtained polyploid varleties.

- Levan (12392) hss inﬂueéd‘tatr&plaiéy and ootos
ploidy by colechicine in diplold ngggga, by traating seedu
lings with i e@lchiciﬂe.

Ramusan and Levan (1939) have proudced tetraplaid

sugar he@t by colehicine treatmant.,'

San&a Wed, (1938) has induced tetraploid in Buelk
wheat (M@gogzg“glgaggnigga) by eolehicine,

Shimamura (1@89) inﬁuaea tetrapl@iéyfin tonato by
treatingemedhing with 0.2% calahieina in lenolin §aste 2 op
3 times a week, He has alsa inﬁu@aﬂ chromasema doubling by

-1mmersing reats<p£ Aljum cepa 1.3 « 1.5 cm. in length in

0.4% aqueous “golchicine for 2 hours,

Richhoria and Persai (1940) could get tetraploid
sesamg by seed treatment with 0.06% colchicine for £ hours)

but the percentage was very low,

Qaasl} (1940) produced polyploids from 11 type of
fosaypiun by colchicine treatment of seedlings.

Straub (1940) found application of 0,025% colchie
eine in cotton wads for 2 ﬁuecessive mornings to the growing

tips of shoots 1n yourig seeﬁlin 25 aneeffactiva method to
inﬁuee tetraploidy in Plsun gg&@ggm
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Emsweller gt al ilﬁée) eould get tetraploid bulbe
1ets of LAlium formosanum by immersing the growing points in
solution of colchicine of 0:3% to 1.0% concentrations for

2 hours.

Langhan (19a§) treaﬁeﬂ the axillary buds of sesame
with 0.5% colehicine, and with 0% colchicine emulsions In
both traaﬁments-severe burning and dylng back of the leaves
oceurred, followed by the formation of callus like tzz.sfaﬁes;

and new buﬂs; which devwlopeﬁ iﬂta;ﬁefréplaid-branﬁh&s.

Ramanujam and Jeshi (19@1) pro&ucad tetrapleid
gram (Gicer arietinum) by treatimg seceds with aquﬁous selus‘
tion of colchicine. 0.25% solution for ¥ hour was found to
be most succesaful. ‘

Pal, Rsmanujam and Eéshi‘(l%%l} have succeeded
in getting tetraploid chillies by treating seeds in 0,058,
O41By 0.2% and 0.4% aquedcus colchieine for 1-8 days.

)
[

| Kunar and Abrahes (1942) and Kusar (1945) found
044% colchicine agar/égyliéa to the apleel bud of seedlings
wag nost effeetive for induelng tetraploidy in Ehgggg&gﬁ
radiatus.

o Shifriss (3.942) recomnmended an effié’iént method
for mass production of @al§ploi&s in Sucupls gativus by |
ﬁreating the short apex st the cotyledonary stage of growth
with 0.3% to 0.5% colehieine emulsion.
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Rao gt 3l (3944) produced tetrapleid strains of
Corchorus olitorius by treéﬁing dry seeds wlth colehicine A
solutions of 0.05% ’3.;-‘% eoncentrations for 12 - 24 hours.

Beachel end Jones (1945) produced tetraploid

rice by temgaratura and colchielne treatments.

- Hafmeyr (1245) could induce tefraylomy in Carica
' papya by tmatim» searllinga with 0.1% calehmim applied in
drops 6 times a day for 4 or. 5 days.

S ‘ K;abayashi and shi‘fézu:cta (3.@«@5)9 reported that drop
methodl using 0.2% - 0.5% colchicine to wet the growing stem
tips to be the most effestive method in inc’taeing polyploidy

in sesame. .

Remanujam and Deshmuich (1%5} induced auwtotetraw
ploidy in self sterile smcieé of gg_g‘g;_;;gg camnestris var.
ko A .m;a, Bragsics nigra and in self sterile specles of QW
Juncea by treating dry geeds in aqueans calchicine of. ‘0.3.5
o 0435 fztrength for 24 - 48 heursa and garminata& seeds in
N 0.,025% to 0.1% for S - 24 murs. '

~ Toole and Bamfoi*a (1945) successfully doubled
. eizght haplold peppers to thelr dipleid formss by smearing
‘ 0s1% to 1.0% colchioine emulwion on the growing tigm, once

cr twice a weck.
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- Warmke (agéﬁ) eould inﬂuee'palyﬁloiﬁy in Taraxacun
kokesaghyz by immersing saeﬁs in 0.,05% = 0.8% colchicine for
1, 2 and 4 days in eosvered éiahas at raem temperature.,

Tandanfana'chineyiilﬁéﬁ) have succeaded in induce

ing polyploidy in Ameranthus biltun, by treating the growing
pnints with 9.1% solution af eoléhieine far'la hours.,

Derman (1954) induced tetraplaiﬂy in grapes by
applying ﬁ.ﬁ% eolohieine in 10% glyeer&ne in water, on buds
once in two éays for. 3 times-

Hertzseh (i@ﬁ&),ébtaine& téﬁkapla;ﬁ forms of
Ipifolium hybridun by immersing sheots in 0.05% eolehieine
for 24 hours.

Mazmani (195&) grodueed autotetraplaiﬁy 1n n*,gz;g
by eolehieine treatment,

| Zulunge and Gargiﬁle (195&)“9btaineﬁ a tetraploid
variety of Vitls vipifers by treating neuly formed buds with
injections of 0.,1% to G.Q%‘aalaﬁieine 13,5$ pure glycerine,

Bragdo 61§55§’has xeyarteé-ﬁhaz'immersibn ﬁf>ybﬁhg |
-scedlings, vhen the coleoptiles are about 5 mm. long, with
0.2% colehicine faﬁ 20 minutes has giﬁeﬂggecd results in
winter rye. | S | : é

.

i
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Srivasta§a (1955) studied varietel &iffééenees
among palyploiﬁé obtained fr@m'aiffereﬂt-strains of Ciger
arietinuyg. He found that seed treatment with 0.25% colchi=
aine for 30 minutes was su@erimr to secdling treatment in

inﬂucing tetraploi&s.

Choudhury gt a1 51956) pra@uced tetraploids of

Corchorus gﬂpﬁl&mﬁ and M ;o.;..mm by treating the
- seedlings with p,l% to 0.2% colehicine for 24 hours.

Dereskevicus (1956) obtained polyploid tomatoes
~by_ap§lying;©.01% ta{l.@% colehicine at the growing polant of
the seedlings. | |

Kundu snd farma (1956, 1957) observed that 0.01258
to 0,108 solution of colehicine is effective in inducing

tetraploidy in Qggghgggg g;;;gziua, ﬁhsn traateé for & - 24
hﬁul’s .

Srivastava‘(lgaé) yradueeﬂtfertila antetetrapleids';:
in Sessmum and 3t§aiaﬁ thaﬁr:bréaﬁiﬁg”héhavieur. The seods
were saake& in watar for 12 hﬂurs and treated with 0.04%,
0.08%)y 0.08% and 1.0% aqueous salatians of aalchieina for
various durati@ﬁs‘ Only a few treated seeaa attained matu-
rity, of which 8 were identified as tetrapleiﬁs. 25 seecds
treated with 0.04% and 0.06% for 2 and 6 hours period produ~
ce& 1 triploid each, and 25 sa@éa treated with 0.10% for 4
_hﬁurs produced one tetreploid, '
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Ball and Tandon (1957) found that in Liparia
yulgaris the most successful treaﬁment‘fsr the induction of
polyploidy to be coldhicine of 0.,10% to 0.20% concentrations
applied to the growing‘points é: sesdlings for Gjhodrs;

Knight (1057) reported the optimum coneentrations
time combination in indueing tetraploidy in Theobrams gocoa
to be 0.6% colchicine in agar applied to apical buds for 24

hours,

Kumar gt gl (1957) studied the cause of storility
in the interspecifie hybrids of the genus Arachis. The tri-
@161& hybrid obtained in eross between tetraploid and Aiploid
Arachis hypogaea was found to be sterile, and with a viaw to
overcome the sterility, 8 fertile allnhexaplaid plant was -
praﬁuced by doubllng the ehromoseme nunber by applying 0.2% .
aqueoﬁs colehleine to the buds of ﬁhé sterile hybrids,

Storbakov (1957) succeedea 1n getting 100% poly- ,‘
ploidy in many anamental plants by coldhieine treatment of
concentrations 0l% = 0.2% for 4 « & haurs.

|  Yokayama and Matzul (1957) toted that 1n Tea 0.3%
colchicine 1s effective in inﬁﬁcing polyploidy vhen the seeds

I

‘were treated for 180 « 240 hours.

Kloon (1957) induced polyploidy in 4 varieties of
sugar beet and in 3'vérietiesvof mangel by treating_germinae
ted seeds with 0.1% - 6.2% colchicing solution in water at



-
289C for different durations.

© 'Hull and Britton (1958) obtained a number of poly-
ploid biack_harries and raspberries by treating gerainating
seeds with 0.2% colchieine at -86°C for 8 hours. |

s&hhé'ﬁﬁ gll(lﬁsg) 5ﬁudiaa the &ffeéﬁiveness of
" @ifferent conaantratimns of ealehicine and durations of dife
ferent treatments), in 1nﬁnainp polypiciﬁy in'ﬁ~WA‘;;:g,

endrinum and Melllotus indica. Most effective tr@atm@nts in
these two crops comprised the immersion of shoots of one week
old seedlings in 0.10% colchicine for 8 hours, and the lmmer=

gion of whole seedlings of similar age in 0.05% for 4 to 8

haurs'respecﬁively.

Sen and Chedda €1958) ah@erva& that treatument of
see&lings ef Ehagg,;gﬁ oungze with 0.25% to 9.5% calahiaiﬂa
for 6 to © hours for one to tw@ days cauld giva abaut 50%
polyploid seetars.. ‘

rov gt gl (1959 f udied the caneentratian -
duration effect for the inﬁuctian ‘of polyploidy in sugar beet.
A higher concentration for sherier duration of traatment

enhanced the graduaﬁion of polyplolds cgnaiﬁerably.

Thoubre and Desal (1960) treated the germinating
seeds of Agave gantala with 0.4% colchlcine for 6 hours and -
§roducea tetraploid plants with 2n = 90,

\
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Aleksle (1960) produced tetraploid chillies by
treating seeds with 0,.8% colchicine solution.

Chopra and Swaminathan (1960) induced polyploidy
in water melon by treating the terminel buds in the cotyle-
donary stage with an oemulszion of 0,2% ealchicine, 3tearic

acld, morpheline, and lanoline,

Kumar (196€0) succeeded in producihm tetraploiés
of Delphinum gjgggg with O.lﬁ»colchicine solutian for 12

hours,

Sen and Bhowol (1260) induced tetraploldy in €
varieties of Vigna sinensis. Treatment of seedlings was much

more effective than that of seeds in induelng 4% sectors..

Sen and Valdyabhushan (1960) obtalned tetrapleid
Horse gram by treating the seedlings with 0.13, 0.25% and
0.5% colehicine for 3 and © hours.

Yoffet and Nixon (1961) opined that soaking the
gecds of Black wattle, in 0.01% - 0.02% or 0.02% - 6.032
colehlicine for 4, 8, and 12 héurs. freatment of 0.1% rar'i
4 heurs and 0.05% for 8 hourz gave best results,.

Bouharmont (1961} induced polyploidy in ricey by
treating 20 days o0ld seedlings with 0,13 eolchicine solution.
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$ehank anﬁ hnawles (1961) applie& 0.1% eolchieina |
to the cotyledon of Carthamus g;nggggiga L., 4 timas dally,y
consecutively for 3 ﬁaya, whieh resulteﬁ in the ﬁraéuction
cf highest number af p@lypleids.

Galeenka 61961) found that the eytimum eoncentra-
tion fcr polyplaid 1ﬁduetion in euaumber caﬂsisteﬂ cf a @.Gﬁ%
salutien applied elither at 1838 for 48 - 72 hnura or at 30° -
35%c for 24 - 27 hours. o |

Janaki &mmal (1&6?) could get tetraploid gﬁgggliga
serpenting by subjecting euttings ef the pl&nt to ealehieine

treatment.

Réman and Kesévaﬁ‘(1963} reported an 1hﬁtanea;0f'4

doubling the ehronosone nuaber of germinating seudlings of
Arachis gggagg_ggﬁ by treating apical buds with 0.5% colchie -
eine in water, for a period of 90 minutes eaah day; in the

' mornlng for 3 comseeutiva dayse -

Sobti-ﬁlﬁﬁa) obtalned 4x strains of ientz pinercia
(2n = 144) by treating suckers of diplold plants with 0.1%

colchicine for 24 hours.

Vig (1963) induced autotetraplolds in Pb IV type

of Cyamopsis paom
with 0.,2% eﬂlchieina in lanslin pastes

.C. by treating young secldlings
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- Srivastava and Bajpal (1964) treated 25 healthy
branches of loguat (Epiobotrya jsponica, L.) with 0.12% to
1.0% colchieing for siz to 24 hours and induced éalyplaidy
to atudy the effeet of colchicine on frult set and pulp -
seed ratio.

. o
Senkaran (1964) produced autotetraplolds in

’fﬁgxggggigg;ggxg'ané studied itsdhyhriés‘ﬁith 8. halepenge.

fritha Dova Ratnam (1964) studled the intor-

" specific hybrid of Segemum indicum % g, seinintun, and 1ts
‘amphidiploid b§ doubling the ehrémasomé nazher of the'hybrid
by eolchicinéQ. | ' | ' .

Visweshwarge and Chinnappa (1965) succeeded in
inducing tetraploidy lIn Qgﬁigg.ggggghgza (2x = 22) by tréatm
ing growing shoot tips of 4 month old seedlings, with 0.3%
colehieine at room te@peréture for 12 hours.

Mehta and Swaminathan (1965) were able to release
the Pusa Glant Berseem which is the first colchicine induced
tetraploid released for cultivation in India.

Nair (1965) has produced tetraploids of Sesamum by
treating seeds and seedlings at different concentrations and

durations,

Hehta e al (1966) was able to in&uég polyploidy
in Methra (Irifolius foepum-groecuu, Le) (2n = 16 - diploid)
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by applying 0.2% of colchlcine to apical buds of seedlihgs
for 6 and 9 hours for 2 consecutive days which gave highest

percentage .of totraploids.

Behia v

Smith (1939) while indueing polyploidy in Nico-
tigna speclos and specles hyﬁriﬂs,by cdlchieine; found that
the autotetraploids of gigg;;gga,xggsggg, K. tabgeun and
ﬂ.:g;anga'were éharaéicﬁisa& by smaller plaﬁf hablty and the

‘presence of smaller and thicker leaves.

. Varmke and Blakeslee (1939) observed that the
tetraplold HNigotigug showed larger stigunay thlcker snd longer

anthers, thicker corollas and flower stalks.

MuntzingAan&»ﬁungquist-(1939) treated 16 specles
of plants with colchicine. But in only 3 specles chromosome
doubling was observed (0.05% or 0,025% éolution,- gseed treate
ment for 3 = 6 ﬁayé). They found chromosomsl veriation in
the offspring of the autotetraploid and also among the primary
autotetraploldss Besides the production of polyploids in soma 
speciesy another effect of colchicine wes fotnd to be of a 4
growth stimulating nature. This was noticed in Fertulg
pratensis and Lolium nerenns. The plents treated with weak
colehieine solution showed vigorous characters of polyploiﬂs.

But the chromnsome cbunts, however, showed that there is no
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doubling in their number. Such an action of colchieine on
the growth hormone of plants was noticed by Havas (1938)
also.

Ramuson and Levan {193%) induced tetraploidy in

sugar beet and observed the following features:

Seed treatment and apnlieation of colchicine agar o
to seedling and firs t year plants had an imme&iate effect o
and showed polyploiﬁ charaeters, but the effect disappeared -
graduglly and the grawing points, exhibited an inclination.
to revert to diploidy, if'paﬁtially changed into tetraploldy.

-

The freatment of shooting flower buﬂs_gave best
results, Betﬁ tetraploid aﬁﬂ dipioid sectors were found in.
the same braneh, or even 1n$ﬁhe'same flovers During melosis
0 - 4 quadrivalents were formed, but pollen fertility was not
redueed. From the tetraploié branches 84 seedlings were grbwn.
Out of this 3 plants were tetraploid, 13 triploid and 68
dlploid. The tetraplolds werec as fertile as the diploilds,

Even. after removing all the diploid branches of
the planty the majority of seeds produced by the tetraplold
branches were normal diploid.

Amin (1940) régorted that the autopolyploids of

cqtton»showed retardation of initiel growth, and pcséesseﬂ
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broader leaf lobes, graminanﬁ leaf veins, bréaﬁér bractay
-bigger glanaa, bigger flowers, large pallen an& bigzer

seeﬁs.

o ﬁichharia and Persai (19%9) repartsé that tha |
tetraploid seedlinga af ﬂgﬁg@gm were raeagnisahle by ﬁheir
smaller hypocotyl, thick cotyleﬁans anﬁ ‘short stunt@d rootu. ‘
, The plants were: sharﬁer, stiffer ana with thicker stem, and |
leaves were aoarse, ﬂark graen, braad anﬁ thick, somatic
chromosone numbar was found %o be 53. 0—5 quaﬁrivalents

wepe noticed in autotatrablﬁiﬁé;

Pal,-éamaﬂujam anthﬁshi (1941) studied the cole
chicine induced pﬂlyﬁibiﬁs af ehilligs {Capsigum annum, L)
Ogt of 244 plants gyewn.fram.thé treafediseeds only 54 were
found to bhe tetraplﬁi&b. They possessed thicker stem, bigger
and thicker leaves, larger stamata, bigger pollen graine with -
30 ~ 90% polien aterility- : '

Out of the 244 plants of Cy generation, 5%.weré 
tetraploiﬁs, 4 yere perdclinal ploid chimeras, with 4n eple
dernis and 2n»galien; and 188 were diploids. In the O gene?
ration aﬁme prageﬁies of the tetraploids were found to consist
of only tatrap;olés, but others of diploid and tetraplaié.
showing that the parent plants of the latter was really mixo-
plaias. The periclinal ploid chimera gave rize to normal
diploid progenies as expected.

l
‘
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In the Cg generation the tetraploids again gave .
rise to tetraploids. The frult formation and seed setting

wvere appreclably more in ﬁbxxayloids of the 3rd generatlon,

Tetraploids showed O - 7 quadrivalents during

aslosis at ﬂiakinesis and wmetaphase I',

They have poiﬁteﬂaaut that eolchiecine treatment
may produce numericsl and structural changes in plants apart

from polyploidy.

Langhanm (1942) has produced -fertile éetﬁaploids
of sesame (Segsgmun indicum, L.) by treating the axillary buds
of the plants with 0.5% colchicine in lanoline and 0.4% in
emilsion. Some of the branches pesseésea large mucilage |
glands and larger but fewer number of stomata. Chromosome
counts of polleﬂ mother cells from such branches showed that :
few of them had the tetraplold number of gn = 52. While
others had between 26 end 52, Some of the tetraploid bran-
ehes were fertile. Thers was no difference in the number of
pods or number of seeds per pods between diploid and tetra-
ploid branéhes. The 1,000 seed woizht of diploid branch vas
3.41 gme vwhereas that of tetraploid branch has 5.04 gme By
subsequent colchicine treatment hybridization and salecti@h;
hgploms, aip:temé, triplolds, tepmplemsf, hexaplolds, octo-

plolds etc. were obtalined,

|

¥
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ﬁamanujaa {1942, 1044) has obtalned the azuphi=-
diploid (ﬁn = 58) Sesamum ;ggida&gm by doubling the Pj hyﬁwiﬁ,
of a cross hetween 5. orlentale (2n = 26) z S. prostratum
(2n = 32); with 0.4% solution of colchieina vhen the plants
were 6 - 8 leaves stage.- In the Ag geng;atian 31 out of 35
plants showed 58 as thelr somatic aumb@r, which is equivalwnﬁ
- to the somatie number of the L parental sgecies. ﬂt m@iosia‘}
'-they formed. 29 bivalents. The anayhasic separatioﬁ was nsrmai
~w1th 29 + 20, although 1n some cases 30 + a8 saayarati@n was
also notlced., In spite af‘regular nelosis 60 - 90% pallen ‘ 
sterility was nmtieed. Four plants af the Ag generatian reselie
bled the 8. nzggﬁaﬁng parent with 3n %5 and showed a typiaal

- Drosera type of palring at malnsia, with 16 bivalents and 18

univaients, These plants had resulted £ram natural erassing
| between doubled hybrid and §. agggxgggm He also reﬁards

| the production of 3 primary trisemics with 2n = 27 anﬁ an
 aneuploid with 2n = 28, |

3aﬁenhuizen (1941) treatedwgnglggya ggagabigga
with colchlieine and abqarveﬁ that the 4n plants were less

" branched and the ﬁifferenee in the rate of growth af 4n and

~ 2n plents was less marked...;

, ) Baker (19&3) mbtained perialinal chimera 1n col=
N hicine treated pataﬁa, with gn epiﬂermis ana 4n chare.

ﬁandclgh et al (19@&} reported that the autotetra—i
ploiﬁs of maize poasessed thick@r 1aavea, and rh@waﬁ ﬂelayed
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flowering and prolenged vegetative growthe

. Bhadurl gt ) (1948) stated that in Corghorus
plitopiusy perielinsl chimera with 2n and 4n branches were
found among the colchicine ﬁraata& plants.

Parthasarathy and R&&aﬂnaﬁh (19é5) have produeed
Va numbher cf autotetraplaida, shewing igas chargcterss but .
the tetreplolds were far bahinﬁ their»diploiﬂs An fertiliﬁy.
The seed weight of the tetraplwia was 50% more than the.
diplolde. The tetraplaiﬁa ﬁessaased a 1ong$r grouwth pericds
more number of branches ané predueeé higger siged flowers in
iarge nusbers, The pollen size_was bizzer. The capsules
were lesser in nusber and shorter, broader, and thicker,
Seven diplolds were noticed in a tet?aplaié popul ation come .

prising of 10820 plants.

Kobayashi and Shimemura (1949, 1952) studied the
eytology of teiragl@i& Sesamum after 7 years of induection,
The tetraploids were extremély-robust,»witk thiekar'stamg
larger loaves, blgger stomatas flowers and seeds, The
pollen fertility was 74.10§\aﬁ6 éeed fertility 7 74%. They .
notieéd frequent oceurrences of 13 guadrivelents during
rmeiogsis, which aisdaineé nornally. |

%azzani ané %idneleﬁti da Zerpa (1953) observed
in the subseqnant g@neration of ealehiciﬁs induced tetra-

ploids of Sesamun, that during neiosis 5 = 10 quadrivalents
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were‘farmeﬁ and thé romaining were bivalents. Irregular

saparéﬁiém’uf‘nhr@mﬂéama‘was observed during meloslis.

; . Kedarnath (léﬁé) ébaerved in the autotetrapleolds
of ggﬁéggg,-that'auring nmelosls in pollen mother cell variae
'%le-uumher of quadrivélents, trivalénts,'bivalents, and unie
valents vere fermed. %aximum_of 4 quadrivzlents were obsers

ved. ' A «‘;"

" Reo gt al (1944, 1945) opined that tho tetraploid
jute showed the typleal characters and vere structurally
different fronm the ﬂiplaiés.; The‘fibra structure was changed

according to the chromosome nunber.

ﬁishiyama,tlgsa)véompareﬂk%he growth and yleld of
diplolds and artificially induced tetreploids of raddish.
Eventhough a retardation of growth vas nﬂtéd in the tetra=
plolds, the yield of the tetraploid was consistently higher'
than that of the diploid varieties.

Tandon and Chinoy (1950) cbserved that the colchie
cine induced tetraploids Amprapthug gliggg had thicker stem, |
more number of branches and larger leaves and prolonged vege=

tative'gr@wth.

~ Tandon (1951) showed thet in colchicine treated
Brasslies gleracesg var. hgwxxﬁig, the. braﬁching was profuse,
as compared to the complete absence of branching in the
diploid. “ . |
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. Derman (1254) indﬁce& tetraploldy in grapes by
o ealehieine technique and suceeeﬂe& in selecting bunch grapes
- with b@tter sized berries.

: Srivastava (1856) induced tetraploidy in sesame
(ggggggg opie s L) anﬁ.@tuﬁied its breading,hahaviaur.‘
The perceg;age of ﬁetraploidé produced by c@ldhicins treat?

'ﬁént was only 48.  The tetraploids of the ¢y generation
pa&aesséa gimpleg wavy énﬁ wery dark éreenileaves. The num»':
| bor of stomatae was reﬂnéeé Qiﬁhka e@rréspon@ing increase in
size., TFlowering date was ﬁalayaﬁ for one wack and the sige
;af‘flawer was larger. The diamater of gollen grain was ine
“ereased. . There was no sign;i;eant éiff@rag@e in fertility
with the diploids. 'Fruits vere longer, broader and hairye

The'teﬁéaplaiﬁ plant possessed triploid and di-
ploid branches, ’ N

In the Cp generation, out of 181 seeds raised
from the tetrapiaid plant 176 were autotetraploids éﬁé 8
wers mizoploids., Tetraploid seeds from some treatment
falled to germinate. The gigas charactors of tetraploids
were seen in Cp generation also. He states that the high
‘fertility of these autotétraploids is similar to those of
Buck wheat. | |

In the melosls of the tetraploids, vaéyiﬂg nume

pers of quedrivalents and bivalents were formed et diakinesis



and metaphase-I.

o Kundu and Sharma (1956) 1nﬂuﬁeﬂ‘tetﬁaploiay ihﬁ.
Corchopus olitopium, L. and found that the vigour in growth
of the 4n jute is only slightly below than that of the nore
mal plants. They have also found that in tetraploids of
Jute the meictia irregaiaritﬁes are fow and the pollen feru;»
tility is sometimes higher tﬁaﬂ that of normal plents.

7 Sharua and Duﬁta,(l@ﬁ?} found that the»seeﬁs,froh
" autotetraplodds of ggg;gggggg,gggixgé failed o gerﬁinateq

Sen and Cheda (1258) induced tetraploidy in 5
}varieties of Black gram by aalchiaiﬁe technique. They faunﬁ"'”
that the induced polyploids wera eithar complete yalyploida,
| branch polyploids, or sectorial ﬁﬂlypl@iﬁo with many or few
random polyploid sectors. The polyplolds pﬁé&@@éeﬂ hmgger
flowers, pollen and étamata.. The pods were shorter but the
seeds were higéer and h&ﬁvier. Pollen fertility‘was 75 - B0% -
Cq and Cg plants were less vigeraus and the rlcwering was o
delayed. Hot much melotie ab@@rmalities were observaﬁ. Qua~'
drivalents were. few. Some pollen mother cells gave 3y 5y 6y

7 or 8 spores instead of tetrads.

Fraudson (1959) observed that tetraploids of Red
glover surpassed éiplmiﬁs in persistence, yiéld of dry matter‘

ahﬁ cerude ?rotein, but rather low in fertility.
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Roviaes - schnelder (1959) studied the vegetative
development of tetraploia tamatnes and found that polyploid
showed early development of new shivots but flowered and set
frult at the same time as the dlploids. They possessed

smaller fguits with fever seeds.

Chopra and Swamiﬂathan.tlges) ohserved the aeaa
fertility in autotetraplcid water melon was cansiderably

lowered.

_ Aleksie (1961) found 4n tetraploid Cgpsicum snpun
smaller and lighter fruits vith thicker and higher dry

matter contente.

Jangki Ammal (1962) obs erved that the tetraploid
ggvﬂlg a serpenting, B. showed an increase in alkaloid cone

tent, and larger size of flower and vegetative parts.

Vakili (1962) induced tetraploidy and octoploidy
in Huss balbissigns and Musa balblssiona ¥ Muss accuplnats
hybrids, by eolechicine treatument. The tetraploid had thicker
leaves and shorter petioles then the diploilds. HMany of the .
octoploids and tetraploids roverted to totraploids and diploiés

respectivelye.

Ranan and Kesavan (1963) induced autotetraploidy
in Apachis dupgnensis and studied the chromosome associations
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at diakinesis énﬁ metaphase-I. In 38 pollen m@tﬁer'cells-

examined, the frequency of quadrivalents ranged from O - 8
the most frequent assneiatian'being 6 iY»+'8 II. Ina faw
cells trivalents were notlced (6 IV + 2 IIT + 5 IT and 8 IV
+2 IIT + 1 II), butg a~QOrreépwnéing‘number of uﬁivalents

were not present. A single case of 20 IX was abserved} At

anaghaseez,ea/ﬁo seﬁaﬁatian was most frequent.,

Gopalakrishﬂan and $hastry (1@6&) obtazned tetra-

plold anaa,;?:[
tetraplaid &ectar was elearly distinguishabie on the basiv

ongls by eolehicine treatment. The

of their dark green faliaw@, gtouter fﬁliar veius, larger
splkelets and elongated tip of p@lea. %

Sankaran (1964) staﬁieﬁ‘ﬁhe morphological and -
cytolozical behaviour of autétatraploi& ggxgégg‘xgigagg
(2n = 40) and its hybrids with J. halopense. The tetraploid
resepbled 1ts fertile counterpart and exhibited increased
size of grain. UMaximum of 10 IV were formed during melosis,

despite of this the tetraploid was stable and seed fertile.

. Visweshwara anﬁ Chirmappa (19€5) inducad auto=-
tetraploidy in gggﬁgg gﬁ@g@h@gﬁ~(ﬁﬁ = 22), Oigas characters
vere noticed. Flowering was profuse buﬁ f?ﬂiﬁjﬁ@t wag low.
Somatic chromosome number was found te be Sn = 44, At melio-
sis 22/22 separation of chromosome was observed at asnaphase-I.
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Pollen fertility was incressed in tetraploid (96%) than in
diploids (79.78). Helotic irrezularities were foew. Biva-

lents wers more common.

Hehra gt al;(lgﬁa) inﬂuaeﬁ p@lygi@iﬁy Hothra
(Eggfml;gg‘zggngg,ggagggm* Ise) 8% = 16, 4x = 32, Ghr@ﬂﬂsame
- doubling, large stomata, pollen and seeﬁ, inaraaseﬁ seed
sterility, larger floral parts, and smgller podas were ssen
in tetraplaids. The flowering vas ﬁeié?ea'by 3 « 4 wecks in
tetrapleias. In the Co generatinn the strains showed dif£e~_
rence in their resyagse €a 9Qlypla;dy. _Inere&sa in forage
yield was noticed. GSeed sgt“was l@ﬁ; %@iosis'shawéﬁ & mean
frequency of 3.84 IV + 1.68 IIT + 5,60 IT + 1,63 I maximun
of 6 quddrivalents were cﬁaewved. Imér@ase in essential oil

content was noticed.

|

Gra§§1gg autotetraploids gﬁ@ dig gg and sfuﬁg of gng
Qgﬂﬁxiggxmnm“iagm@gﬁgx

The problem of fertility in induced autopoly=
ploids has beenlprapééea as ‘a serious ohjection. The yrﬁ},
biem of sterility is more in case of triploids. But in
many eases triploidy has besn beneficially utilised in erop
plants. '

Triploidy was filrst reported by Gates (1908) in
Senothera. 'charaateriStically, many triploids are quite

sged sterile as a result of both umbalanced gametes and une
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balanced physiologiecal and genotypieal meke up. There aré
" numerous exceptions, such as fertlle unbslanced polyplolds,.
and Tertile triplioild aster ﬁybriﬁs discussed hy Avers €195%).
triploid Hyacinthus erientalis (Earlinatcn, 1039), tripioid
_ggggggggn‘ﬁgxgggzggm.(&mith and Vhite, 1948), and triplcid
potatoes cited by Swaminathan and Howard (1§53). The tri- o
ploid selection of Eea {Theg gig@ngggl and ﬁulberry tree N;n
(Horus alba) are widely grown in Japan., There are natursl -
triploid fruit erops 1like Eﬁﬁéﬁa, where4aeed sterility is fﬁa"
veneficial. e | D .

Triploidy has hean nost beneficially utilized 1n

the case of sugar beet and watermelon,

%é;ﬂlintack (1929) éxplaiﬁed the behaviour of sn
autotriploid malze (Z2eg mays) 2n =.30 originsted in a.ﬁiplaid
eulture. The triplaids wore more vigorous than their éiplpiﬁ
'zéibs. During meiogis 10 III at digkinesis and metaphase i;’
were formed. There was a tendency fgr membeprs of the extra
set of chromosome to be disassoclated from thelr homologues
at dlakinesis and metaphase I, thus forming ® IIT + 1 IT +1 I

 orBIIT+2IT+2 1,

| ‘Bteere (1932) rép@rteﬂ short chalns of 3 chromo-
~ somes during nmeiosis as masﬁ‘eommon in autotriploid Petunig.
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Muntzing (1933) r@p&rtﬁ 11 bivalents at Meta~
phasa I in triple chain type or ?’shape with triple terminal

chiasmata in sutotripleid ggLagggL;gggzwvgm

ﬁpcatt £1935) 3tudied chram@same associatien @f -
autctriplaiﬂ& in Lycopepsicun and has recorded 58, 39%.1 and
- 10,7 per cent ef.ehaim, ?Y' anﬂ frying pan ﬁhapeﬁ trivalents,

Raﬁmujam (1‘3?3'?), ﬁsﬁarmga and Fu:imsmma €3.93#3) have ‘

opined that the autotriploids in rice (QOryza ﬁagggg} ware
with broadcr leaves, stouter ° 11;@?5, larger flaral parts aadt-
more vigorous than diplolds, Cells with 10 III were most N
' frequent. _Pairing‘betwéen'ﬁanyhaaalagaus éhramﬂéome was also
notieed. The fertility of triploid ranged from O - 24%,

: Kihaia (1951) also iﬁ,éapan has succeeded in proe
dueing commereial triploid varletles of water melon. .The‘if
'triploid frults were bigger, gseodless and resistant to wiit
. disease. The 4% % 2x cross resulted in 3x seeds which vere
 slightly thinner than the 4x seeds.

Matsumura (1963) made a comparative study of
diploid, tfiplmiﬂ and tétraplai& sugar beet, in Japanj and
revealed that the 3x plants wére suporior to both 2nianﬁ 4%
plants. The weight of tuber and percentage of sugar is more
19’&319101@5; The totraploid was used as the female pareni

in.erossing.



Srivastava (1956) made crosses between diplolds
and autotetraplalﬁs,af sesame (S. srientale, %e) and observed
that the cross 2x (9) x 4z (S) ylelded only empty capsules or
capgules with shrivelled secds. OCapsule development was @ﬁly
245 In the reeipyweal crossy where the ariginal éig&aiﬁ
from which the aut@tatraplaié was produced was usaﬁ as male
parent, capsule development wes 60% and the seeds were narmal'
lguking. When the nmale F&r@nﬁ w&s‘athér'than the original
diploid parent,leut Qf the S0 era@seé_maéefonly Teuy ama;lg

enpty seeds were obtained.

Fraudson (1959) reported that the triploids of Red

Clover were superior to diploids in dry matter snd yield. .

Toyao (1960) roported that the tetraploids of Tea
‘ plants ware self sterile but gave rlse to triploids vhen pollie
| nated with pollen from 8x glant; The 2x (@) x 4x () was ;n-

effective.

Karibasappa (1961) studied an autotriploid of rice
and its progeny. The mean frequency of chromosone assaaiaw<

tion during melosis was fauﬁﬂ to be 9.4 IIL ¢ 2.6 11 + 2.5 I.

" Krichnamoorthy (1963) studied the marphnlogy ané
fertility of allotriploids in eatten and their breeding be-

‘haviour in a eross between Qgﬁsxnigm,nizﬁg;gg (2n = &2) anﬁ
G. raimondi (zn = 26)., The tripl@iﬁ rogembled its tetraploid
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- parent. For most of tﬁe quantitative characters the tripléiﬁ
was intermediate in expressi@ﬁQ 'ﬁufing uolosis the triyioids
show 13 II and 13 X aﬁ 6iakinesla and metaphaae I in 88% @f

the pollien mother eells. The occurrence of more than 13 II

and the higher associations like trivalents and quaﬂrivalents
were not seen. The f@rm&ti@n of normal tetrads vas as.lgw as
24.7%. .

‘ ﬂamanujam, Qmura and Koga (196ﬁ) r@ynrteﬂ that the
allotriploids in rice ware abtained anly with much ﬁifficulty
by crossing a ﬂiplaid with a t@traploid. | :

Shasﬁry and ﬁisra (196%) studled the eytology of
a triplﬂid Opyza hybriﬁ frcm a cross between ﬁetraploi& .xxzﬁ
setivs (4% = 48 @) x Q. barthi (2x = 24 8), 1In the 115
pollen mother cells studied at Metaphase I, heoxa, penta,'
quadri, tri, bi and univalents were observed, trivalents
" being the most predominent of the assoclation. 4 maximué of
i2 trivalents'were ahseryéﬂ in a single pollen msﬁher»ceilg’
Among 115 pdllen mother ecells studied trivalents were seeﬁhin
ally quadrivalemES'in_éa cells, p@ntavalehts'in 11 a@llg,,and
hexavalents in 13 cells; The shape of nultivalents varie&
widely ife. rings, ehains, ¥ shapeds H shapeﬁ, Dumb-bell -
shageﬂ, frying pan shape& otc.

. These types of confligurations can be expected whén
3 chromogomes are elther completely or eryptie structurally .

homologous .
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gxh;1ﬁiz&Li9nﬁiiaﬁgzsaggiiislﬁia.ﬁgggmgg.

Between. species with n = 13 x n = 32.
Garu (193%)‘made erossesy but failed.

Dadlani (1958) explained the reason of fallure
as due to early collapse of hybrid endospern and so shrivele

led mnd non-viable seeds only were obtained,

HMagzani (1957) made successful crossés by embryo
culture. The Fy was week and resembled 8. radiatug with
2n = 64, - Melosis was regular., This is presumed to be deve-

loped by diploid parthenogensis in the maternal plante

B'QS = 32 o5 S 1Y

8. oocldentale (n = 32) x 8. lacinizstug ( n = 16)

Ramanathan (1950) made reeiprocal crosses, but
the seeds were shrivelled and non-visble. Frult set was

found to be nil in reciprocal crosses.

8. redlatun (n = $2)'§- anzolensg (n = 16)

. Nekamura and Sato (1958) made crosses and obtained
2 hybrids. They were intermediate and showed hybrid vigaur.
‘At meiosis one hybrid (2n = 48) showed 17'II and 14 I, Other
hybrid (2n = 64) showed 12 III + 4 XII + 20 I. This hybrid |
might have obtained by fertilization of nornal egg by an un-
reduced gamete of 8. gngolensg.






- 35

As MATERDALS -

Seeds of Sesgmum indieums b. of strain THV-2,
abtaizmd- from the éus;:ecmﬁ ’pnlyplam‘s of eolchicine treatw
ment céndticted by Bair (1965) %»:eare used for the present
iInvestigation. He had treated the seeds éncl seedlings witii |
colchieine at different concentrations and at verying dura-
tion of time. From the €y generstion he had collected sus=
pected paly;alniés from 14 different trestments. They az'e - |

G,05% for © hours

1 3 g
P 5 0.05% for 9 hours g
3 4 0.10% for 3 hours g
4 8 0.,10% for 6 hours § Seed .
' o o ¥ tyeatment
5 15 0.15% for & hours g
| 17 ~ 0.15% for 9 hours g
21 0 0.20% for & hours g
23 ' 0,208 for 9 hours 0
6 0.05% for & hours !
10 16 " 0,15% for 6 hours g
11 - a8 0,153 for 9 hours g |
: : } : - ¥ Seedling
22 , a2 : 0,208 for 6 hours g treatment -
13 . ea - 0,20% for 9 hours g .
§

14 20 0.20% for 3 hours
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These 14 types of seeds together with the control (diploid)
formed the material for the study of the Cp generation.

The tetraploids obtained from the Co generstion
were crossed with'the diploid ?ecipreeally. The 4x (Q)vx
ox (&) eross, only was successful and from this cross 47
- seeds were obtained. The reciprocal nfass of 2x (g) b4 %x,(33

produced only shrivelled and nonviable seeds,

| The selfed seeds from the tetraploid plant to-
gether with the crossed seeds and the selfed seeds from its
parent diploid plant formed the materisl for the study of

Cy generation and the erossed progeny.

B METHODS

In order to study statistiéally the relative
merits of the polyploids obtained from the aifferent treat-'
.mentsiin eomgaria@n-with'the diploid, a randomised bi@ek
_design with 15 treatments and 4 replicationg were laid ou£
for the study of the C, generation.

For the study of the thgeneratiaﬂ and the tri-

" ploids, a ranﬁomiséa block design with 6 treatments and 8 |
replications were 1laid out. Inxthé first é‘t:eatmﬂnts.éaeds
from tetrapleid’pa:ent, in treétmgnt 5 seeds from diplold
ﬁarent,‘and in treatment € the crossed seeds from tetraploid x

ﬂiploid were used.
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The following characters were studied:
1. G@m ‘tQ ] fz .. T

Germim;tiun trials é@ie;aanéﬁetea separately.
The different types of‘seeds from the suspected polyploids
and also of diploids were kept in moist petridishes, 100
| seeds in_eaeﬁ,ffdm éach treatuent. The germinaéien percen-
. tage wa3'calcu1ateduafter aliewing‘tne seeés!ta gérminate
for ten days. éaunting of the germinated seeds Qas done

every day.

' Because of the shortage of the crossed sceds,

:

they were sown directly in pots - 5 seeds each in eight pots
and the rate of germination and percentage of germination

were recorded.

Date of eamﬁene@m@nﬁ of germimati&n in the case

of aifferent treatments was also recorded.

The helght of individual plants were measured
 from the thirﬂ‘waek'éf'sawing to the day of harvest at weekly’”
intervels. Thus the rate of growth and the total helght at' |
individual plants aﬁ the time of harvest were recorded.

3. Leaf charsclers.

!  (a) Mean_ sares_of les +¥.‘ Heasurenent of arca of
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leaves was made in sq. ems. using graph paper technique
(Darﬁow'S'method)..'For this ten leaves were collcected from
each troatment, from the sixth node -of the plants, when
they were 40 days old. o

(b) Mean thickness of leaves: The thickness of
;1éaves was measured out from the sample collected from the
nmiddle of the plants, when they were 45 days old. It was
‘recorded in micron (n) as measured from 100 hand sections

for each treatment.

Size and dist

. A sample of 10 leaves was -collected at randon
from each treaﬁﬁent. 'The tissue from the lower surface was
pealed off, and‘sféineé with 0.5% safranin. The length and
width of 100 randomly selected stomata were measured for
each treaﬁment, using a standarised eeulaf mierometer. 7The
frequeﬁey of stomata per unit area was éetérmined, by counts -
ing thelr number from 100 flelds at random for each troate
ment. The data for size and distribution of stomsta were

analysed statistically.
8. Nunhepr of flowvers.

Flower counts were taken daily from oach plant
under different treatment, and the final data were statisti-

cally analysed. Date of flowering of individusl plant was
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also recorded.

The éia@ and sﬁérility of pollen grains were
studiled from entirely random samples for each treatment.
Ten plants were sel@éteﬂ at éandam £ram each treatéent. The
pbllen graing from one flowar,<frpm each plantigyere ataine&
with Glycerilne-acetorarmine. Diameter af\léb,pblien gralng
was measured in micraazgp) for each treatment, using a stande

arised ocular micrometer.

For the estimation of sterility, ten flelds were
seored for sterile and fertile grains from each slide at

random.
?0 31 ZiL :  $ . »

Suspected polyploids were separated on the baaisf |
of th@ir glgas character pecullazr to polyploids, as well as
other characters’ 1159 leaf thickness, size and distribution
of stemata, pollen sigze and sterillty; late flowering ate.
‘The flower buds of appﬁopriate size frag these plants as
well as from other plants ﬁare fixed separately in a 3:4:1
ﬁixture of abolute aléqhal, chloroform, and propionic acid,
which has been previously saturated with ferhzcic chloride,
The fixatlon was éane between ll'a.m. and 12 noon for 24

ﬁours. The moximum division was noticed between 11.15 a.m.

{
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and 11.45 a.n. After keeping in the fixative for 24 hours
the buds were stored in 70% ethyl aleohol. Anthers were f
sguashed in s drop of 1% @rapién@»earmine; Gentle tapping
and 3uﬁicious wafming‘favaured execllient spreading and éif-
rerential(stainiﬁg af.%he ehrumms@me and cytoplzsm in the

microsporocytes.

| The chromosome number and their behaviour during
meiosis were photographed and also camera luclda drawings

'were‘maﬁe Trom maioéistafigal$en mother cells.,
8. Crossing tetraplodd with diplold.

Only one plant was found to be a tetraploid cyto-
logically also and this was erossed with diploid reciprocalliy.

{a) Egghﬂiggg*gﬁggggggigg‘ 4s the flowafs ére _
bisexual aﬁd naturally éalf pollinated, emasculation was &ané-'
s0 that the flower becomes functionally female. The tine of
anthesis 1s between € a.n. and 7 a.ae So emasewnlation was
. done in tho previous evening. Emaseulation in the case of.
sesama‘is éasy sinée the stamens ave epipetalous. The maturehv
flower buds which would open on the néxt morning, wegé selece
ted aund the corolla tube was carefully pulled out without |
damaging the pistil, the andreeeiﬁm coming out slong with the
corolla tube. The emasculated bud was then covered with a

paper cover to prevent e@ntaminatimﬂ; Similarly flower buds



from the pollen parent were bagged to prevent contaminae
tion. On the néxt.ﬁay by abéaﬁ 7 asne newly opened flower
frow the male parent gladt was taken a@&’tha anthers were
rubbed on the pilstil cf‘the'emascalataﬁ~fiawer, after re-
moving the paper cover. ‘Brough pollen géaihs.mere libera-
ted so that all the ovules would get fertilized. After
pollination the pape? cover was replacedy and ajlabel shows
ing deﬁéils of male and famal¢ parents anﬁ'ﬁate of polling-
tion was tied %o the node of the plsnt. The paper cover

was retained for one week. The seceds were collected from

the reciproeal crosses, separately, at the tlume of harvest.

The selfed socds of tetraploid and diploid parents

of the croas, were collected.

The technigue of selfimg_is cosy as the plant is
naturally self pollinsted. Hature flower buds, which would
openjan the next day were selected, and they-wére coversd
with a paper ca#mr on the previous evening of anthesiss A
Llabel bearing date of selfing was tied at the node of the
‘plant. The cover was ratéin@d for one week, The selfed
seeds of tebtraplold and éipi@id were ¢ollected separately at

the tine of hapvest.



The totel number of capsules in each plant was’
counted at the time of harvest and the data were statisti-

cally analyseds -

‘ ?or.ﬁeﬁarmining‘the_size of capsules a sample of
10 capSules was selected randomly from each treatument, the

length and girth were measuréﬁ and the data were coupared.
11. Yleld of secds.

At the time of harvest, a sample of 10 eapsules
‘was collected at random from each treatument and seeds from

' these capsules were counted and data compared.

waightlaf 1,000 seeds from cach treatment was
recorded in grams for each treatment snd the data were stanﬂ

tistically anaslysed.

Besides those characters studied for gifferent
types, the characters of confirmed polyploid plants were
.studied,anﬁ compared with those of diploid.

The C3 generatlon was studied with the suspected
triploid plants froam the seeds of totraploid and diploid'



cross, togebhar with the selfeﬁ seeds of tha parents. Basides
stuﬁying the characters meﬂticnad previausly, the individual
plants of the suspectea triplaiﬁa and selfed progeny of the
teﬁrapioid, were stuﬁieé aytalagically.

The recorded data pertalulng to the different
"éharacters under investigaﬁi@n weraisubjécﬁed to statismicai
analysis, Angplysis af vaplance was worked out fef‘sé?en‘g:'l
chéracters nanely height of plants, number of bLraonches, nune
ber of flowers, numbers @flééaﬁata, pollen size, leaf thicke
ness -and numbher of ppaé."?ﬁé comparison of other characteors
under diffevent treatments was made by caleulating the mean

and standard error.
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EXPERIMENTAL RESULTS
Cp GENERATION

1. Percentage of gzermination.

A?he.see&s of the 14 suspeeted polyploid typea;
obtained from the Cj géneraticn, showed a slightly reduced
percentage of germination than the control type (diploid).
However, ihe tine taken by the different types to complete
the germinati@n, did not show any significant éifference.
The data pertaining to the vesults of the germination trial
are given in Table Y. .

The maeximum number of seeds germinateﬂ vas during
3rd and 4th day in the caseo of the suspaeted palyplcid typesy -
vhereas in the case of diploidy the maxlmum germination‘was
noticed on 2nd and 3rd day.

2. Growth of plants.

The growth of plants under different types in the
Ce genaration did not show mueh variation from the cantrcl.
| In general the suspected pelygloid typos exhibited s vigorous
growth habit and a 1onger growth period. The types 3,,5 ard.
10 were slower in carly growth rato, but at the later pariad

thé-types 3y and 5 have surpassed the control in plant height.
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The graphical representgtion of the data @ertaining to the
rate of growth is shown in Plgures 1(a) and 1(b).

?he suspeeteﬁ palypleiﬁa were sinilar to the |
éiplci& in the case of leaf ghaae; ' Generally, the leaves -
upto the 8th node of the maln axls were broad having serra-
ted margin. Leaves tawar&s,thé'tip were entlre and narrove
Three plants ef'type 14 and"twa plants of type 5, wore
havlng only entire leaves. Two plants from types 1 anars
produced 2 trllaheﬁ leaves (Plate %) whille others produced
only simple‘leaves.v The suagecte& g@lyﬁlaiﬁ-tyges showed
an increase in leaf size than the‘aiplnia;

?he analysis bf variance £é§ héight of plants

: #nﬁer differoent typés (Ay@enéix I) 414 not show a signifi.
eent F ratio. The sugpected peiyyl@ié t?paa did not differ -
significanﬁly in plaﬁt height compared to diploid. The mean
height of plant &mﬂﬂg>th@ diffar@ﬂt ﬁypea varied from 78¢é0'em,
to 97,40 en. Type 1, 2 and 10 ﬁh@wea a reduction in h@ight
then the epntral. The data far the mean height of plaﬂts
unaer-diffaxaht types are given in ?aﬁle II. Graphlcal re~-
presentation of the data is given in FignrQIE.



TABLE » II

0 G - Teight of plent

Typés | Mean height (em,)

;Tj. ' |
78,40
84,26
97.75
93,62
@é;.ss |
o
9100
8817
95,95
97,40
BT TR 94,97
Control S 88,68
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Cz - Nusber of branches

Tyyés - Mean number of braﬁahes'

6,57
4,87
485
498
6,12
4,80
C 4.0
©. 4430
. 4.02
.67
| 5.2
455
) 3.62
14 o 47
' Control - 4,37
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Cz - Area of leaves

Types Hean leaf area (sqe ame)
1 67,5 & 5.18
2 67,9 + 4.16
3 67.1 : 3466
4 712 x 3.95
£ 67.8 = 5.75
8 67.9 » 3.87
7 65.7 + 8.87
8 715 - & 5.68
o T1O & 4,28
10 68,5 + 4.71
11 66,9 & 4441 .
12 68.8 2475
1B 70,9 : 4.87
1% - 66.0 % 3.09

Control 8.1 2 5.96
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Gg = Leaf thickness

Types - Moan thickness of leaves (in m)

1 934,15 & 8.52
2 854,55 & 391
3 958,50 & 2,70
4 263,40 & 3.70
5 279,00 & 4.65
6 242,25 '# 3.25
7 - 246,00 & 8.24
8 241.80 £ 3,18
o 245,40 2 3.03
10 234,30 & 2.35
11 238,80 * 3.98
12 244,50 * 3.6
3 2BB.E0 & D.68
14 | 953,35 2 8.06
Control. - 246,30 % 2.73

‘CJD. (58) for comparison of means = 0.4704
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5. Nusher of branches.
Anglysis of variance for the different types is
givén in Appendix VIII, The F ratio was found to be signiQ
ficant. The types 1 and § showed significant increase in |
the number of branches, The mean number of branches among
the different types ranged between 3.62 and 6.57. Table IIX

containe the mean number of branches in the different types.
Graphlcal representation of the data 1s givén in Figure 3.

6. Leaf characters.

(a) Arep of lssves. Among the éuspeat@d polyplaid
fypes, only the types 4, 8y 9, 10y 12 and 13 have showed an
inerease In leaf area compared tg the aiploid.v‘Tﬁe variation
' in mean leaf area under different types was only between 71.5
and 65,7 Sqe om, The data pertalining to the mean area of

leaves under different types are given in Teble IV. .

(b) Thickness of lenf. The analysis of varisnce
for the data is given in Appendix IXI. The F ratio was signi-
ficant, Types 24, 3y 4 and § showed significuant 1ncreaserin
. leaf thickness compared to the eantrél, whereas types 1, 11
and 13 showed a significant reduction. The data rogarding‘
the mean thickness of leaves under different types are giﬁén
in Table V. The thickness varied from 234.15 to 279.00
microns among the different types.
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Cp ~ Humber of stomata

Types ¥ean number of stomata per unit 'éma |
1 23.49 * 0.086
2 23.18 £ 0.099
3 24.25 & 0,121
& 23.21 + 0,178
5 22,19 .+ 0.148
6 22,81 & 0,117
7 23.37 + 0.250
8 82,56 + 0,126
9 22,70 & 0,107
10 23.27 & 04117
1 23,41 + 0,100

12 23,18 + 0.095
i3 22,80 + 0,091
14 _21.@2 £ 0,127

Control ) 83,84 + 0.086.

C.D. (5%) for comparison of means = 0.,3324



- PABLE - VII

Cs ~ Size of stonmata

Types Mean width of stomata lMean length of stomata

{in m) {in m)
1 15,04 + 0.23 23,32 + 0.16
2 17.52 + 0.4 25,04 * 0,26
'3 14,49 + 0,15 28,25 # 0.28
4 15,21 * 0.22 26.42 + 0.31
5 17,83 + 0.8 ~ 26.25 % 0.28
6 19.32 + 0.21 26,22 £ 0,22
7 15,97 + 0.25 25.90 + 0.20
8 17.56 '+ 0.16 25,87 & 0.24
9 17,18 + 0.21 27.60 + 0.12
10 15.93 + 0,18 25,08 + 0.03
11 15.28 013 - 24785 + 0.24
12 17,31 + 0.09  26.32 + 0.94
18 15.69 + 0,92 26,42 + 0,25
14 18.21 & 0.1, 26,42 x 0.23
Control 15.07 & 0.38 2221 3 0.16




w&&h&mwa&m The F ratio

" for the data under different types was found to be signifi»
cant, The analysis of variance is gilven in Appendix ZII.
Among the susp&eted,?elyploiés, only type-a showed é signiu
f;ea#ﬁ inerease in number of stomatay compared t@lﬁhe éipléid.
The mean number éf‘atamaﬁa‘éf the'éiﬁfargnt types (Table vf)
varied from 21.42 to 94,25 per unit avea.

(b) Size of atomsta.

: : The suspeateﬁ pﬁl;pluia
- typea showed, in ganeral, an 2uereasa in wiath af stomata a
compared to the diploid, exaegt types 1 and 3 whinh had sta-'
mata of smaller widtn than eontrol. The width of the stomata
| among the different types vﬁried from 14.49 to 19.32 mlerons.

, /(113 &@ggsghmfAstg'-tig A1 the susp@étéd
polyploid types except type 1 shoved an inerease in lamgth\éf |
stomata. The range in length among differcnt types was bote
ween 23.42 and 28,26 microns. -

Ehé data pertaining to the mean width and length
of stomata for the different tygés arve -given in Table VII,

The analysis ﬁf variance for the data on produce

‘tion of flowers by different types did not show any signifi.



TABLE = VILI

Cg = Number of flowers

Types ~ Mean numbepr of flowers

1 55,92
2 58,05
3 78,57
4 69 442
5 89,37
6 58.05
7 59.55
8 65,05 .
9 56,37 |
10 , 58,10
11 69.75
12 69.27
13 67.85
14 , 65435

Control | ’ 59,95
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cant Vaéiation (appendix IV). The flowers produeed’by the
suép@eteﬂ polyploid types were sligh%ly larger then thase"“
produced by dlploid (Plates XI - XIII). There was nn'markea
difference in blooming date among the different t;pesq The
sugspected tetraploid plant of type & showed gignifieaﬁt delay
of 10 days for commencing flowering thén the‘diploiagg The
‘mean number of flowers produced by different types (T%ble '
VIII) varied fromvﬁs.sz to 80.,37. Graphical representatian'
of the data is given in Figure 4, « ;

9, Cytolozieal observatione

The hehaviour ef chromogomes at melosis was stu=

- died in all the suspected: yalvploid plants of the 14 types

as well as tho control. .ﬁxcept one plant of type 5, all
plénts were simllar to the control (diploid). The firmation
of 13 regular biﬁalents at dlakineais and mataphase—é ﬁas.
noticed in the pollen mother cells (Plates XIV b, ¢)s The
seperation'of chpomdsomaa at émaghase—l and II waa,a%aé régu»
lar ie. 13 + 13, In the exceptiongl plant of type 5) few
pollien mother cells at anaphase-w stage ah@weﬂ 26 ahrama-
somes each at two palas (Plate XIV a) instesd of 13 eaah in
~diploid. This Indicated the tetraploid nature of the plant¢
In the same plant pollen mother cells with the diploid number
of &n = 26 was also noticedy which formed 13 blvalents at
fmefaphaae—l and 18 chromosomes each at the poles during
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Co =~ Pollen size

Type Mean dlameter of pollien (in p)
1 70,72 & 0,26
2 GB.86 * 0,36
3 68,24 + 0.30
4 70.72 = 0,27
5 71.07 &+ 0.34
6 67,93 # 0.98
7 70,13 % 0.36
8 68.58 + 0,31
9 68,51 £ 0.31
10 62,68 x 0.2
11 68.55 * 0.36°
12 70.75 * 0,32
13 63.41 * 0.33
14 70,08 x 0.36

Control 68,20 + 0.28

C.D. (53) for-eomﬁarisan of means = 0.254

A
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anaphase.I. This has ereated doubt regarding the true
tetréploid nature of the plant. However this plant was

‘used as tetraploid pareﬁt in erossing with the diploid.

Chromosome association at diskinesis and metas
phase-I was studied 1n & 1argé~number of pollen mother
cells, The maximum association noticed was bivalents. No

univslents or any higher asédeiatiens were noticed.

Persistence of one or more secondary nucleoli -
in the pollen mother cells was a-pécullarity during all |
the stages of melotie divisions. In the alerespores also .

one or more nucleoli were observed.

The anelysls of variance for the dats under aif-
ferent types 1s given in Appendix V. The ¥ ratio was found
to be significante Types 1, 4s 5y 7 12 and 14 shoved a
significant increase in pollen size compsred to the eéntrpl;
The mean diameter of pollien grain gmong different types  ”
varied from 67.03 to 71.07 microns. Table ix reprasents the

data for mesn dlameter of pollen under dlfferent trcatments,
(b) Extent of pollen sterility.

The X analyﬁis of extent of pollen sterility



g -~ Pollen sterility

Types

Pollen sterility % =

G o O O

0 0 ~8 o

10

11
12
14

Control

5,59
© 6.85
5,03
. 8.58
3.92
4.07
9.37
6467
6.19. .
.97
7.64
. 6466
12.34
7.31
6408
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Co « Number of capsules

| Types , - Mean ﬁﬂ}nber of eapstiié
N 41,65
2 86,47
3 55495
4 45,45
5 54,12
6 36.22
7 35,72
8 38,00
9 | 32.77
10 ; 31.30
11 _ ; 36,32
12 | 39,52
13 o 40 .20
14 42,67

Control C | 48,80
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(Appendix VI) did not show any significant different for -
the suspected polyploid types compared to control.

The percentage of steéili%& anong the alfferent
types varied from 8.52 to 12.34, whereas the control showed
a sterility of €.,08%. %able X shows the percentage of
pollen sterllity among the different typese

(a) Humber of capsules..

, The snalysis of variance for the diffarenﬁ

types is'given in ﬁppendix‘ﬁiz. The ¥ ratio was not signie
flcant, 'The mean number of eapstles varied from 31.30 to

'55.95,amcng the different tyées,'wheraas the control had &
‘mean of 38.80. The data relating to mean number of capsule
in different types are glven in Table XI, Graphicel repres
sentation of thé data is given Figure 4, '

(b) Sige of capgules.

Lenzth of cupsule. The suspected polyplold typeé
showed a slight increase in length of eapsaleé_compargd to .
diploid. The longth among the different types ranged from
.43 to 2.70 cm. vhereas the control had a length of 2.41 cﬁ.

Sirth of capgules. The‘éata of mean glrth of

éapsules did not show nuch varlation. The mean girth of



Cp ~ Capsule sigze

Types Length of capsule (em.) Girth of capsule {cm.)

1 2,61 & 0,010 . 3.93 £ 0,010
2 2470 & 0,011 - 403 % 0,009
3 2.62 3 0,013 3,88 & 0.018
Y 2.50 & 0,008 - 3.62 & 0.007
s 243 # 0.013 3.0 & 0,001
6 2,54 2 0.011 - 8465 & 0.011
7 2,46 3 0.011 - 3.65 % 0,011
8 2,46 + 0,010 . 8.81 % 0,009
9 2.8 0,012 8468 % 0.011
10 26 3 0,009 3,79 % 0.016
11 2.52 & 0,015 3.8 i 0.014
12 2,50 & 0,012 878 % 0,011
18 2,58 % 0.007 3.70 & 0.014
1“ 2.57 + 0,009 3,79 % 0,009
Control 2.41 & 04007 371 % 0,014




TABLE = X

Cp = Mumber of seeds

Typos Number of seeds per 10 capsules
1 852
2 47
3 861
4 870
5 856
6 857
7 853
B8 850
) 842
10 865
11 869
12 | 859
3 _, o 850
14 848

Control B . 865




TABLE = X

0n « Weight of seeds

Types Weight of 1,000 seeds (in graﬁ§
i 2,37
2 2’,3-55
3 2,42
& 2440
5 2,50
6 2,35
7 2,32
8 2.36
9 2,29
10 2 46
1 2,38
12 2445
3 2.38
% | 245

Control " : ‘2.25
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capsules rangaa fron 3,62 and @.@3 Cliey amaﬁg ﬁha ﬁifrerent
types, the ‘gontrol shawing & nean zirth of 3.71 cm. Thne

~ Table XII represents the data Df mean ¢aﬁgth and girth of
capsuies in aifferent types.

12. m&.ﬁ.ﬁ%w
The number of seeds counted from a sample of 1@
) ﬂagsulas eollected at pandomn fr@m each type revealed that
there is not ﬁuch variatiﬁn in the yi&ld of geed among the
different types and canﬁral. The éata pertaining to the

number of seeds pe? i0 capsules, for the different types
- are givan in Table KIKI.

The seeds of the ausyaeﬁeé\pelyplmid.typas sh@ééd
a slight inerease in the size compared to the control, Cone

éequeatly'ﬁhera was a 8light tnerease in seed welght also.

. The results given in Table XIV confront the mean
velght of 1,000 seeds in different types. The weight of
1,000 secds ranged from 2.25 to 2,50 grans among the ﬁlffe-
rent types. '

The suspected @alyplcia.plaﬁts of the different

ﬁyﬁéa were marked based on the appearance and they wersé
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crossed reciproeally with diploid. On eytologlesl exaning-
tion only one plant was found to.have‘the totraploid ehﬁo—
mosome number of 2n = 52, EBven this plant was not a pure
ietraploid. 4x and 2x chromosome numbers were founé during
meiosls of the polien mother cells. However the seeds from
the reciproecal erosées with this plant were cb;lectéa for
fupther studlies, Out of.the 5 erosses made using thiaaéus»
poected tetraploid plant as ?@male‘parent 6n1y-one-capsﬁlé
was developed and set gseeds. The seeds were normal in éﬁpeaﬁ
rance (Plate XV a). In tha'recipracal'éross using this suse
pected 4x plant as male and 2x plant as female, 2 capsules
. were developed out of 5§ crosses made. One of these capsules
was melformed and did not contain seeds. The other capsule
Qas normal in éppegrance, but the seeds were shrivelled and
nonviable (Plate XV b).

The viable seeds from these crosses were carriod
forward for the Ca genaeration together with the selfed seeds.

from the suspeeted tetraplold parent and diploid parent.

G5 GENERATION

The seeds obtained from the cross using the Suge
pected tetraploid plant as female parent only were vigble.
The 4x x 2x erossed seeds together with the selfed seeds of

the parents were‘raiseﬂianﬁ studied in the Cj generation.



The peréentage of ger&ination of the seltéd'aﬁﬂ
crogsed seeds from the suspected tetraplold and diploid
parents, showed considerable variation. The total parcens
tage of seeds éerminateﬂ in thé 3 types is given in Tabia XV,
The cres;ed seeds showed the masximum pereentage of germinaé
tion, and the selfed seeds of the suapecteé tstrapluid showed
least percentage of germinatien.

" PARLE - XV
G5 - Percentage of germination

Typas : Total % of sesds germinated

1, Suspected Tetrapleld (4x) 2143
2. Control (Diploid - 2x) 4844
3. 4x x 2x Croas j ‘ 6245
2. Growth _of plontsg.

R

Thé progeny of the 4x plant showed a vigarous._-
‘growth than the progeny of the &x plant and 4x x 2% ﬂrosa.
The rate of growth of the 3 types were almost similer upto
‘the 8th week after sowing. After that the plants fron the
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4% parent cantinued growth at a faater rate than the other
2 types. The nragany from the crossed seeds showed an
intermediate growth rate compared to the parents.. The gra=
phical representation of the rate of growth is shown in
Figure 5. ; |

BN

Se Slze and shape of leaves.

The shape of the,léavea was similar in =il thé
3 types. The basal loaves uptcuthe 8th node were broader
an& with serrated marvin, comparea to the leaves towards the
~tip vhich were narrow and entire. No lobed leaves were obe

. Served,

The analysis of variance for the differenﬁ tyéea
13 given in Appendix IX« The F ratio was founé to be signio
ficant. The progency of the sugpected tetraploia plant shawea
significant 1ncrease in height compared to those of the di- -
ploid. The progeny of the 4x x 2z erass did not show any sigo
nificant different in height compared to the parents. It was
- intarme&iate to the parents,in plant height. The data af nean
heights\of plants under different types are given in Table XVI.
Graphical rapresénﬁétion of the data 1s given in Figuga G’
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TABLE = XVI
Cg = HEIGHT OF PLANTS

Types Mean height {in ecm.)
4% - 103,68 x
02,23
4% % O% o 98,18

C.D. (58) for comparisons of 4x mean = 5,85

C.D. {5%) for comparisons of 2x and
. &X R 2X means = 7.67

The F ratio was found to be significant in the
analysis of the varianeé of the data for the 3 types (Appeone
dix XVI). The 3 types showed significant difference in the
fiean number of branches. The maximum number of branches was
noticed in thé progeny of the suspected tetraploid, and the
minicum in dlploid. The progeny of the 4x X 2x crossAﬁas
internediate between the pavents. Table XVII contains the
data for the mean number of branches in the different tyﬁes.
The graphical representation of the data is given in F:lguré 7



93 - muﬁbe’x of Branches

Types , Mean number of branches _
ax 4,52
o | 2,77
4% X 2% - 4406

C.D. (5%) for comparison of 4x mean = 0423

CD. (5%) for comparison of 2x and «
4X X 2% means - = 0.36

6. Leaf charactors.
(a) Ares of leavas.

The difference in mean leafl area among the
3 types was only negligibie, The plants frbh the »auspéét'ed
‘tetraplofd parvent hed the maximum loaf area followed by the
diploid and the 4x x 2x orossed progeny. Table XVIII gives
*!_:he data for mean height of plants amang'f:he 3 types. S
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Oz = Area of leaves

Types Mean leaf area (sqe om.)
ax 70,46 % 4,59
ox N | 69,95 & 4,68

(b) Thicknegs of leaves.

_ The asnalysis of variance for the ﬁifferent'téhes '
(A@Péndix X) showed a significaﬁt ¥ batio. The 3 types '

showed significant difference in leaf thickde&s. The ﬁré-‘

geny of the suspected‘tetrépiaia plant showed maximum leaf

thickness and those of the diploid the minimum. The §rdgeny

of the cross was intermedlate to the parents in leaf thicke

i ness. Table XIX represents the data for thé mean thickness

of leaf of the 3 types.
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TABLE 3 -xm

93 « Leaf thickness

Types | - Mean thickness (in m)
ax | | 274.20 + 3.45
on - ' 260435 % 2,73

4x X 8 , 253,80 '+ 3,07

C.D. (5%) for compsrison of 4x mean = (.49

CJD. (5%) for comparison of 2x and .
2:5'4 x 2% means = (0,62

. 7. Size agud digtribution of gstomata. -
(a) WMW

The analysis of variance for the 3 types is
given in Appendix XI. The F ratio was found to be signi-
flcant. The 3. types showed significant difference in the
mean number of stomata per unit avea. The progeny of the
suspected tetraploid parent showed the minimum nuuber.
The diploid progeny had the maximum number and the pa*agény
of the cross was interamedlate to the parents. Table XX

gives the data for mean number of stomata.
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“? BIE =

ca - ﬂnmhef:afvstamata

Types. . ¥oen nuuber of stomata

ax | 23,30 £ 0,101

ox L 24,00 & 0,126
4% X Bx 23,48 + 04159

¢.b. (5%) for compsrison of 4x mean = 0.204

Cule (5%0 for aamparison of 2x and |
4x % 2x mean : = 0,352

In general the progeny of the suspected tét£é~«
pleid parent §mssesséd larger sized stomata. Yhe pragany'
of the ﬁiploiﬁ parent had stomata of gmaller size and that.
of the 4% % 2x cross had stomata af intermeaiate slge
compared to the parents. The results given in Table XXI
confronts to the mean width and length of stomata. |
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© IDABLE = XXI
Caz = GBire of gtomata

Types Mean width (in u) Hgan length (in n)
C4x . 17.59 * 017 27,73 + 0,24
2% 16.76 & 0.26 | 23.14 & 0.25

4x X 2X 16,90 % 0,24 | 24,08 + 0,21

8, Numbap gnd zlze of flovers.

The F ratio of the analysis of vardance of the
data on flower production did not show any significance
.(Appendix XII)s The prﬂgahy of the suspected tetgaploid”
parent showed meximum flower production while those of the
diplolds showed the minimum (Figure 8). Table XXII gives

the data on mean number of flowers produced by the 3 types.

The flowers produced by the progeny of the sﬁs-
pected tetraplold parent were slightly larger in size come
pared to that produced by the prégeny of diploid and '
4x X 2x crossg, which were almsot similar in size (PlateXVI),
The date of blooming also did not vary markedly among the
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3 types. In generaly the progeny oflthe diploid started
flowering slightly aarlier than those of the suspected

tetraploid and 4x X 2x eross.

TABLE, =]
- 53§« fumber of flowers

_ Types ~ %aan nunber of flowers produced
ax €4.70
ex . 60,26
4x % 2% | 60.72

e CﬁWm&-,ﬂs

The selfed progany of the suspected tetraploia and
diplold parents and thq progeny of the 4x x 2x eross, behavad
eytologically in the s%me manner. A1l the 80 plants ralsed

| _

from the crossed seeds, were examined cytologieslly. Pollen
mother cells showlng régular meiosis were noticed in all the
plants. During meiasis, formation of 13 bivalents at dia-

- kinesis and metaphase»x with normal disjunctlon at anaphase- I
and II were observed. The chromosome nuaber remalned cone-

. gistently as 2n = 26, groving the diploid aature of ‘the ;
plants. Similiar chrcméseme number and behaviour were observed

1n the progeny of the suspeeted tetraploid parent and the
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diploi& parent. This aanfirmeﬁ the ﬂiplalﬁ nature af all
the planta in the 83 generatian, and nlso pravea that the
suspected tetraploid p%r@nt of Cg generation was not a
genuine tetraplold. C?r@maaams associatlonsy. abave bivas

1ents, were not observ@d in sny of the pollen mother aells.

The analyﬂis of varianee for the pnllén size of
the different types shawmd a significant F ratio (Appen&ix XITI)
The progeny of the suspeeteﬁ tetraploid produced signlfiaantly
larger pallen.graina a@mﬁarea to - the pragany of the éiglaid
and 4% x SX oross. Ehe pmllen grains af progeny fram the
%cross,shaweé an 1ntarmadiat$ silze between the pap@nts. ?he
data pevtaining to ﬁha meag_éiameter of pdllen grains are
 given in Table XXIIT, | L

C3 « Pollen size .

Types f""' C %ean-diamater'(in‘u)
]
ax J 70,89 & 0.32
2 | 67486 + 0426
ax x 2% . | | 68,55 * 0.33

o | o S
C.De (5%) for comparison of 4% mean = 0,196
., (58) for comparison of 2x end
‘ 4x x 2x mean = 3.863



The %2 analys:ia of the extent of pollen stemiity
did not show any signifieant difference b@tween the 3 types
(Appenci& XIV). The ﬁata on the percentage of p@llen steri-
7 xity (Table. XXIV) amgng the 3 typea, also d1d not vary
markedly. The progeny bf tha auspaeted tetraylaid paren£
exhibited maxlmnm at@rility &nﬁ %hose af the di§1@ié the minie

Tk . ' : 1

g = Pereentage of pollen st@rzlity

!
|
?
\
|
|
\
\

Types | P@llen‘st&ri&ity'% R
ax O 8.3
2x | S Gt

42 x 2% | 8.1

The an&lysisaf:varianee for the different ié@es |
is given in Aypénﬂix XV& The F ratio was found to be szgnin
ficant. The praductima of capsules in the progeny of ﬁhe
.éx % 2% cross showed a gignifiaant increase camparaﬂ te the

_ l
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parents. The selfed prageﬁies of the suspected tetraploid
and dlploid parents did not show any significant variatibn
lin capsule production. The data portalning to the mean
nunber of capsules ﬁroéueed b& the different types aéé
glven in Table XXV, | o T

Cg = Humber of capsules

Types j ' Mean number of capsules
4% - . | _ 3070
2 28,48

4x X 2x : 36467

C.D. (5%8) for eamparisbn 6f 4% meau = 3e11
C.D. (5%) for eomparisan of 2 x and
4% X 2x mcans = 395
‘ ‘The graphical representation of the data 1s éivén
in FPigure 8. ' ‘

(v) Size of capsula.

The size of the capsule did not show any aig%ifi«
cant difference among the 3 types. The-progeny of the suge

gécte&'tetraploid perent showed a slight increasse in size of



- 85 -

the capsule when compared to the other 2 types. The prageny |
of the 4x % 2xX erogss was 1nterme&iate in capsule aize eom-
'gared to the parents. 'Th@ Aata gertaining to ﬁhe mean 1ength
"and glrth of capsules of the 3 d&ffer@nt types are given in
Table XXVI. o

Ca 5_81aef§f'éagsuléff”

Tyéea 'fifﬂneagﬁh.ﬁém.) f«-i Girth (em.)
4x 2,60 £ 0,070  8.97 % 0.030
Cex 2,57 % 0.047  3.80 & 0.017
I.é. Yield of seeds. ’

The number of seaﬂs cauntea from 10 capsules
eelleetaﬂ at random fyonm each type 4id not show any marked
difference. The data for nnmber of seeds per 10 ca@sules

of the 3 types are glvon in Table XXVIL.
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TABLE «

- Gg = Wutber of seeds

. Types - Rumber of sc¢eds/10 capsules
4x ~ s 892
ex C » 905

94X X 2x 897

The 1,000 seed weight dld not show much variation
among the 3 types. The date ars glven in Table XXVIIT.

TABLE « XXVIII
Cg - Weight of seeds

Types - Thousand seed weight (in gm,)
4x 262 -
ox - 2430

axxox 2.41
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The progany of the suspeate@ tetraplold pradueed
heavier geeds than those of the diploid and 4x x ax ermsa.
The seed weight of the 4% X 8X crossed progeny was faund to

ba'betweenhthat of the parents.,

NEAPEE .In generaly in the O3 generation the self@ﬂAféae
A‘geny of the suspected tetraploid showed signifieant ineéease
in meny characters than those of the diploid and 4x x ox
eross. Although there was 1o cytological Variaﬁion; in the
case of capsule production whichlis economically more impore
tanty the progeny of 4x x Sxiaroas showed a significant
~increase over both parents. The progeny of the diplold
pavent was below the other 2 types in almost all characters,
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pISCUSSION

The ohﬁecﬁ of the present investigation was to
study the nature of pslyploids 1n Co and 03 generations,
a8 well as to study the progeny of the cross between Cp
tetraploid and diploid in Sosgmum indicum, L.

Polyploiéy has played a major role in the
evmlutian of many plant greups. Its inﬂuctian in plants
‘ has consequently aequira& an 1mpartant pasitian among
"othar methods as & valuable tool in plant breeéing. It
must however be cambined with ather methods f@r achieving

'spaeific purposes .

In Sesamum, tetraploidy has been induced by

' Richharis and Persal (1940), Langham (1940), Kobayashi Ahd
Shimamura (1945), Srivastava (1956) and Nair (1265). But
the percentage of tetraplaiﬂs‘reeovered was only smell in

these cases.

Hair (1965) observed glgas charactors in the
Cy plants. Eut“the-fertilitybwas low and there was no
incroase 1ﬁ the oii content. 'However, for the present
investigation, the seeﬂs abtained from the suspected

tetraploids of 91 generation, have been carried forward.



- €9 =

In the present investigation, in the Co genera-
“tion one plant was observed to be a suspected tetraploid,
But later it was found to be a sectorial polyplold. All
the other plants wéra diploids., Further, the sectorlal
polyploid on selfing gave rilse gm only diploids in the
§3 generation. The progeay sf,thé cross Between this
sectorial polypioid and diploid also turned out to be
daiploids. |

The results of the present investigationniudi-'
cete that the Cy tetraploids obtalned by Nair (19651 were
not genulne tetraploids, fhe tetraploid chromosome number
(2n = 52) shown by some of them may be due to its branch
or sectorisl polyplold naturey as reported by Sen and
Cheda (1958) in black granm.

The gigas characters shown by some of the C1

plants may be due to the following reasons:-

The piants mhy be periclinal chimeraé with 2x
inner core and 4# outer layer as reporped by Pal, Ramanujam
and Joshi (1941) in Chillies (Capsicum anpum, %La),

Baker (1943) in potato and Bhadurl et sl in Copetorus

Muntzing and Runquist (1939) in their studies
on Fertuls pratensis and Lolium perenne, have showed that
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colchieina‘has got & grawﬁh stimulating action besides
indueing polyploidy. Out af 16 differeut plant speocies
treatea_ﬁith colchicine, they have observed chfamas@me'
doubling in only 3 species,' Such an action of colchicine
on the grawtﬁvhgrmanés haé been repofté& by Havas (1938).

‘The 14 types of sceds from the suspected Cy
t@érapioids aia not show any marked ﬁ;fférenaa 1n,gérm1naf
tion eompared to the diploid. The percentage of germinati@ﬁf 
" of the 14 seed types ranged from 42-61 vhile the diploid
showed 65% of germination. Such a high germinability of
seed £r9m t@traploidé was recorded by Kobayashi anﬁ
Shimamura (1949, 1952) and Srivastava (1956) in the same
arop, Kundu 2nd Sharma ﬁi%ﬁﬁ) in Covrechorug oliltorius, L.
and 8Sen and Cheda (1958) in black gran,

The comparatively higher percentage of germingtion
in the 63 generation may be due to the smaller number of '
diploid gametes fertilized. Further,such tetraploid seeds
1»might not haveAgerminateﬂ. Only the seeds developed from-

" the @armal haploid gaméfes are seen to be’germinat@ﬁ,’as

only diploids were seen in the progeny.

&

In tha'cs generation also only diploids were seen
in the progeny. The germinability of Cg seeds was comparable
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to the diploid, The seeds from the- tetraplaia x diploid
eross showed even a higher percentage of germination than
the diploid. The progeny of the cross was found to be
all diploids, |

'The higher percentage of germination of the
@raésEd éaeds5may be due to the extrs vigour ebtéineﬁ by
eross pollination, as Sesame 1s a naturally self pollinated
plant. ,;- | ; | |

In ganeral the brawﬁh rate of the suspected CQ
tetraploids did not vary*markedly from the digloia. The
types 3 and 5 of Gy generatian were nore vigaraus than the
diploid inspite of thelr eagly retardation of growth.
Similar éaaﬁlts wéée'mbserVQa Ey Rair (1965) in the Cy

generation and by Srivasteva (1956) in Cp generation of the

sSomE Crope.

The pregeny of the suspected Cy tetraylo&d
exhibiteﬂ similar vigorous growth in the C3 generation
campared to the diplold. The progeny of the tetraplold x
Qipl@iﬁlercss were intermediate to the parents in growth
raﬁe; as recorded in sliunllasr cases by McLCLiat@ak (1929)
in Zea mavss Ramanujam (195?}3 in QOpyza gsatlva and by
Krishnamoorthy (1963) in cotton.
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, The suspzeted ﬁg tetraplolds ané the ‘progeny in

(g generation, as wall as the progeny of the_tatrapleid b3
diploid cross showed a significﬂnt increase in the produce
tion of branches compared to the diploid. In autmtetrapleidg
of Exaasigg‘glgggggag, Tanﬁon‘(l@ﬁl) haaﬁfacarded simllar

profuse branching nature.

Evanthough‘thetpﬁcgeﬁy of the suspected Cy
tetraploids in Go anmd Cg geﬁ@ratlon as vell as tﬁe progeny
of tetrapleid x éiploid eross were all nrnved to be diploiad,
this vigerous growth and profaae branehing may be ﬁua to

the follpwgng reasonst-

The progeny in Cy &ﬂﬂ 03 generations might have
1nherited the vigorous grewth habit of the Cy genaratian B
plants. '

Due to eross pollination the progeny of the

| tetraploid 2z diploid cross mizht have obtained some extra
vigour, The intermediate nature of these progeny of the
eross in characters like helght may be due to the expressinn“
oﬂ qnantitative ﬁharaatera by the F;, which 1s usually

. iﬁtermediate to the parentg.

The numbér'per unit areca and the size of stomata

of the suspected Cp tetraploids_and the progeny in Cg
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generation as well as the progeny of tetraplold x dipleid
cross were not signifiecantly different from those of the
diploid.

_"Herzch (1951) hes pecorded similar results in
tetraplolds of Yielia xillggé. But Graner (1941) in Manihot
utilissima, Langham (1242) and Srivastava (1956) in sesame,
-Kumarvl”anﬂ Abraham (1942) iﬂ Phasegolug xgﬂinxgg,aﬂd Knight
(19575 in Theobroma cocoa have recorded results contradictory

to the present observation.,

Thé diplcid nature of the progeny of G, and Cg
suspected teotraploids (exeept one sectorial polyploid in'
Cy generation) and that of the tetraploid x diploid cross
mgy be the reason Yor the similarity, in the size and number

of stomata, with the diploid.

The progeny of the suspected €, and Cp tetra-
plolds and that of the cross between Cy tetraploid anﬂ_ﬂiploi&
did not show significant variation in leaf area and thickness,
compared to the diplsid.

The reéults were'in contradiction with thesé
obtalned by Richharla and Persal (1240}, Shimanura and
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Kobayashi (1§45),‘» . Hair (1965) in Sesame, Kumar and
Abraham (1942) in ghgag,_;gg m, Tandon and Bali
(1957) in._ingxia yulgapig, Vakili (1962) in Musa, Ammal
(1962)‘;n,3gyg_£15 ggxgggﬁina, Sobti (1963) in Menta
plperata, -and Vig (1964) in Cyamopsis psoralioides. In
- these cases the tetraplolds possessed largery coarser,

A darker and thicker leaves than the diploids.

?hé cpn;radictory results in the present
investigation may be due to the diplold nature of progeny
- of the €3 and Cp suspected tetraploids as well as that of
_the tetraploid x diploid CrOSS.

Un an average 7 = 10 days delay in flowering
was noticed 1n a few suspected Cp betraploids compared to
the diploid. The progenies of Cp tetraploid and tetra-
ploid x diploid cross took 3 - 5 days more for starting.
flowering than the diploid. Randolph (1944) observed
prolonged vegetative growth and delayed flowering in
. autotetraplolds of maige, Similar observations were made
by Taﬁdon'and Chinoy (1950) in Amspanthug blitum and
Srivastava (1956) in sesame. But Kovae Schﬁeiﬂer {1956)
obaervad that the tetroplold tomatoes flewered at the
same time as the diplaids.
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~ The number of flowers produced by the suspected

Coy tetraploids and the progeny in Cg generation as well as
the progeny of the Cp tetraploid x diploid crass; waa‘
aiightiy more than that of the diploid. Flower size in
these casesy ulso showed a:slight increase than the aiploias«
?arﬁﬁaéarathy and Kedarnath (1945) observed that auﬁotetra#
;/ploiﬁs of nany cr@pa yro&uce bigger sized flowers in large
filnunher¢p Similar ob%erVQtions were also made by Visweswara

t an& Ghinnappa (1965) in._giﬁgg gﬁggghwgg, Anmin (19&0) in
\ cotton, Kobayashi and- Shimamura (1949, 1258), Srivastava
(1956) and Hair (1965) in sesane, Sen end Cheda (1958) in
black vram, Hohra gt al (1966) in‘methra, and Raaanuﬁam
(1937) in autatetraglsias of rice.

The slight increase in‘ﬁhe nunber of flovers
proﬁuceﬁ and in the size of fi@rai parts observed in the
progeny of the suspected Cq tetraploids and the progeny in
Tg generation as well as the progeny of the Co tetrapleia x
diploid cross may be due to their vigaraus grouwth habit,

as no genuine tetraplold was observed among them.

. The meiotia~hehavicur of the suspected Co tetra- o
ploids and the progeny in C3 generatlon as well as the
progeny of the Cg tetraploid x diploid cross, was found to
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. be normal résembling that of the diplold. In one plant
of the Cp generation few pollen mother cells with the
tetraplold chromosome nusber (2n = 52) was observad.

- Here also the anaphasic separation was normsl le. 26/26.
But later this plant was found to he a sectorial polyploid
as pollen mother eells with diploid chromosome number

’ QZn'avzé) waa'alsolabsefvaﬂ, The selfeﬂ progeny of tﬁis
.saetarial polypleold in Cg geﬁeration, as_well as the
progeny of 1ts cross with diploid were found to consist
only of diploids.- | -

Ramuson and Levan (1939) observed diploid and
tetraploid sectors in the same branch or even in the saue

flowér’in the case of sugar beet.

After sﬁuﬁying tha\calﬁhiciﬁe technique in
black graﬁ,_&an and Cheda {1968), eoncludea that the
induced polyplioids were either complets poly@loiﬂs, branch
.polypleiﬁs or sectorial paiypl@i&s. Haiﬁ {1665) ohserved
chromogome Gaublihg in akfég plants of cl generation of

Sesane.

Normal anaphasic separation in:autotetraploids
was observed by Kundu and Sharma (1956) in Qopchorus
9&13&2193,5V13weswafa and Chinnappa (1965) in Coffes
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The épparent"reversion of the progeny of Cy

tetraplaid to diploid may bo due to the following reasonst-

The suspected tefraploi@s ﬁf €y generatlon nay
not be genuine tatrapleiaa.; Instead, some of thew might
have baeﬁ'perielinabplaia ahimera.v Gaﬁséquently the seeds
collocted from such plants might have consisted of enly |
diploid seaﬂs. Bome @f‘the'el\tetraplnids may not be
complete polyplolds., ,Theyimight be sectorial or»hréneh
polyploids. The seeds collected from such plants qéuld
poésiblggbe a mixture of téﬁrapl@id éné diploid‘seeésg of
which only daiploid seeds might have germinated in the Co

generation.

4 few of the suspected Cp tetraploid possessed
larger pollen gralns compared to the diplold. ?he'seifed
progeny of the Cg tetraploid and the progeny of its: eross

‘with diploid also had bigger pollen grains than the diploid.

Larger size of pollen in autotetraplolids hes
been recorded by Auin (1940) in eotton, Pal, Ramanujjaﬁl'andw
Joshi (1941) in Capsieums Parthaserathy, Kedarnath (1945),
Srivastava (1956) and Nair (1965) in sesame and Mehra gt al
in Trifoliun S&annmfgxaasam‘
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Hair (1965) observed in the cl'tatraplbids,
polien sterility ranging from 31.91 to 43.51%. On the
other hand in the G2 gener&tion polien sterility ranged
from 3.52 to 12,34% only. :Xn Ca genefation it was only
8.3%, The grbgeny of the éﬁ@sa between Cs tetraplold and
aipleid shoved s sterility of 8,1%.

There exist a great deal of diversity regarding
the poilen fertility in autotetraploids., TFertility |
comparable to that of diploids was recorded by Hamuson '
and Levan (1939) in sugar beet, Langham (1942), Kohayashi
and Shimamura (1949, 1952) and Srivastava (1956) in scsame,
and Sen and Cheda (1958) in black gram. Kundu and Sharma
(1956) observed in the case of autotetraploids of Corchorus
2litorius, even en increase in fertllity than diploid. A
similar instance was reporﬁeﬁ by Visweswara and thpnappa (1965)
in Coffes cenephora.

On the contrary considerable reduction in
fertility of autotetraplold was recorded by Pal, Ramanujem
and Joshi (1941) in Capgicum gnnume Parthasarathy and
Kedarnath (1945) and Kedernath (1854) in sesame, Chopra and
Swaningthan (1960) in watermelon and Mehra gt gl (1966) in

Trifolium feoepun-graacum. Very low fertility was recorded
in the case of the progeny of tetraploid x diploid crosses,
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by Morings and Fukushima (1935) and Ramsnujam (1937) in

The high,feftility of the progeny studied éan
be attributed to the 6rderiy m@i@tié h@haviaur; The
progeny. : congisted énly’af diploid except one sectorial
polypiold in the Co genoration. Even in that plant meiosis
vas normal. Siight inereaée»in sterility ln some of the
‘plants nmay be duz to the ?é@aaanae of more nucleioll in
the microspores; aajreportéa:by KumatAaﬁa Abrahan (1940)
and Nair (1965) in sesaue.

The larger sizé 0f pollen grain may be due to
the larger pollen nmother celis as recaréea by Mair (1965).
The prageﬁies of the Gy ﬁetraplnida were possessing morpho-
1@313&1 features of tetraplaiﬁs; evenﬁhaugh‘thay were having

only diploid chromosome number (2n = 26).

Only the cross between the Cp tetraﬁloiﬂ as
fe@ale parent and diploid as male parent ylelded viabie ‘
seeds. In the reciprocsl eross (2x ¢ x 4x é) only |
shrivelled and non-viable éaaﬁs were obtained.

, , Similar results were recorded by Srivastava
(1956) in sesane and Toyao (1960) in tea.
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The fallure to form viable seeds in the
reciprocal cross (2x g x 4% 6) may ba due to the slow
growth rate of diploid‘pOllen tube of the Co tetraploid.,

Even the cross 4x @ x 2x ¢ ylelded only fow

B seeds. ‘When these secds were sown and raised with the 63

generation 1t was observed that the progeny consisted only
of diploids, instead of triploids.,

Thé tetraploid parent in,tﬁe eross was found to
be aAsecturial polyploid producing both diploid and haploid |
gametes. In the eross only thé haplold ganetes might have
succeeded in developing into viable seeds. The 3x embryo
and 1its eéﬂosperm praducaﬂ’by the fusion of diploid and -
haplold gametes might have eollapsed in the early develog~4
mentél stage. As a result anly»few seeds, which were
diploid, were nbtaine& in the cross.

In the Cg gencration the number of flovers
produced and capsules developed were proportional, and this
grogeﬁy did not show any significant~aiffereuee in capsule
setting and number of seeds por capsﬁle, as cbmpareﬂ to the
diploid. But the capsuies and seeds produced by then were
8lightly bigzer than that of the diplold.
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The progeny in Cg generation, as well as the
ﬁrogeny of the cross betwsen tetraplold and aipléi& ﬂid-
not show significant difference in flower productlion
compared to diploid. But the<eépsule setting in the

progeny of the cross has showed a significant increase.

Langham (1942) in sasame observed no difference
in capsule setting and secds per capsule, between tetraploid
and diplai&. But the capsule and seeds of tetraploida were
larger than di ploids. Simliar results ware obtained by
Kobayashl and Shimamura (1949, 1052) and Srivastava (19565

in sesame, -

The larger size of capsules and seeds of the
suspected Cg tetraplcids nnd‘progeny may be due to the
vigorous growth habit and other mbrphblagical features,

since the progenies were consisted only of diploids.

’ The'increase in‘capsule setting in the progeny
of the cross between Co tetraplold and dlploid may be due
to 1ts lesser susceptibility to the caterplllar Antizasira
gatglaunalis, which attzcks flower buds also.

Nair (1965) after studying the Cy generation

has concluaeﬂ that eolehieine technique in 1mpr0ving sesane
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erop 15 eﬁnsiﬁarably‘limiteﬁ; ‘After studying the"pﬁageny
of Gi and &g'ganeratians; it is seen‘that,'évenﬁhqﬁgh;
thavre 1a‘nm é@ubling‘@f ehwaé@sﬁme numha?,‘ﬁhere &f@vééme :
pronising types in ﬁhe”ag géﬁaraﬁian wﬁiéﬁ posgess good ;
‘eeaﬁamic gualities like bigger eagsulea and seeds compared
to normal diplold. - The prageny’@f tha cross botwaen 02
tetra@laia and diploid, evaaﬁheugh thay ware ﬂiplaiﬁﬁ,
'have shown some exeass vigaur ﬁhan n@rm@J éipl@id and also
1esser gusceytiﬁzliﬁy to tha 1ea£ caterpzllar.
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 SUMMARY

The preaent invwst&gaﬁlaa was undertaken 1In
ﬂthe &vricultural Botany Tivialon of the Agricultural
College and Beaeareh Institute, Véllayani, with a view to
atuﬁy the nature or palyplaids in the chand c3 generatians‘

of ﬂggggng igﬁinna. Liay as well as to study the progeny of
the eross between Ca teﬁr&p¢a1d and &iploida

Selfed seods frsm the suspeeted tetraploids of
C3 generation studied by Nair (1965) werahcarried'farward
to study the Co genergtian;._ﬁeeiprneal erosses. vere pnade
between Cg tetraplold and diploid and the progeny was |
stuaiaﬂ along with the gelfed progeny of the parents., The
oorphologieal an& eyﬁalmgical behaviour of the progeny. of
the Cy and Cg tatraplnids and. the prageny‘af the eross were
studled and discuszed.

Evidences from the present investigatien
revealed thet the suspacted C; tetraplolds gave rise to
only diploids, axeaﬁt‘ﬁ@r the presence of one sectorial
polyplold, in the Gy generatidﬂ. This way bhe either due
to the fallure of dipléidrga%etes to function noraally,
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or dug to the fallure of tetraploid seeds to germinate in
the Op generation, : | |

Eventhough the Cp genoration @léﬁts did not ah@w ‘
tetraploid chromosone numbér, they possessed morphologicsl
characters of the autotetraploids. simlér eagse was "
reported in some éf ﬁhe cl:ggnanatianvyiaﬁt@ algos .

‘ This nay be dua t@ %h@ grawﬁh 3timnlating actlon
of the weak eanc@ntratian of calahigine saimﬁi@n, apart
from 1ﬂﬁmeing,§aly§laiﬁy. ﬂ?@nsequantly seeds from such
aﬁapectaﬁ Gy tetraploids gé@é rise to only diplolds in the

Uz gensration.

The aiplai& nature of the prageny of the suspected
Gl and Loy tetraploids and the sectorial polyplodd nature |
of ame-plant in Og &anerut;mm was: c@nfirme& by cytologleal
examination of pollen mother cells at seiosis, In the
seetorinl gaiyp @iﬁ, pollon mother cells with hath.tetra- '
ploid (2n = 52) and diplodd (2n = 86) chromosome nunbers
were observed, whereas in é11§the*cthar plants only diploid

chromosone nusber (Pn = 28) was ohserved,

| ﬂhavﬁg‘éa&tarial tetraploid was erossed reei@#a- '
cally with the dipleid, Only the cross 4x g % 2x é‘y&glded
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viable seeds. The reciproecal eross (2x Q x 4x 53 yielded
only shrivelled and non-visble seeds. The viable seeds
were ralsed along with the selfed progeny of the parents,
The progeny of tho cross waes found to be diplold instead
“of triploiﬂs as expectﬁ&,‘aha the yf@geny of the selfed
seeds of the Cp sectorial tetraploid plant also was found
to be diploid. | | -

Eventhough no tetraploid chromosome nuéber was
observed in the progeny of the Gy and Cg tetraploids
(exeept the single sectorial polyploid in Cp generation),
there were'aame promising types with good economic
characters like bhigger cabsules and seeds compared to the
nornal diploiﬁe There was no reduction in fertility and
nany of the Co planis were showing profuse grwoth habits
with bigger capsules and seeds. Branching, flowering,
eapsule producticny yleld of seeds and weight of seeds
vere found to be superiop ih these plants compared to ﬁhe

normnel diploids,

The progeny of the cross between the Co sectorial
polyploid and diploid were found to be‘sﬁperior in capsule
production, than both the parents, and also auperior in
many characters like branching, growth and flovar produetion
compared to the normal diploid. This type has shoun lesser
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susceptibility to the leaf caterpillar, Antigastra |
catalaunalis. |

- It was conecluded that the effeet of colehiecine
in induecing polyp;oiﬁy in Sgsamgm indicuw was not substén—
tlated by the observations made in the Cg and G3 generations
of the présent investigation. However the progeny of the
Cy tetraploids resembled the autotetraploids morphologically.
One plant in the Cs generation was foﬁnﬂ'to ba a sectorial
polyploid with tetraploid.and diploid sectors, The prﬁgeny
of the cross between Cp tetraploid and diplosd exhibited
execess vigour in eapsule ﬁra&ucti@n and also found to be
less éusceptible to the leaf coterpillar. The promiszing
types of the Cp and Cg generation, as well as the progeny
of the cross which show betﬁer economie characteré than the
normal diploid, are worthwhile to be tried for selqéting

better types of sasame.
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APPENDIX - I
Cp GENERATION
Analysis of variance for the height of plant

it

Source 8.5, DJF. Variance - F
. Total 5,396.87 50 | |
Block 462,14 '3 . 158,04 1.9
Types . 1,551,32 4 T 110.81 137
Error 3,383,41 = 42 © 80.55
- . APPENDIX - IX

Co GENERATION
Analysis of varlance for the thickness of leaf

Source §.8. D.F. Variance b4
Total 8,099,060 = 1499 |
Types 84815415 14 272,31 0 o6 x
Error = 4,2983.85 1485 2.88

** Slgnificant at 1% level



APPENDIX « III
Cp GENERATION

Analysls of variance for the number of stomata

Source 8.8, D.JF.  Variance P
Total 3,140.51 1499
Types 241,41 14 17.22 8,8 *#

Error 2,899.10 1485 1,95

** Signification at -1% 13?31 ,

APPERDIX = J¥
Cp GEHERATION

Anglysis of varlance for number of flovers

 Source - Sele DJF, o Variance F
Total 16,607.52 59 \

Block 399.67 3 - 133.22 /1
Types 4,792 92 14 342 .35 1.25

Error 11,414 .93 42 271,78




APPENDIX = ¥
. Cp GENERATION

Analysls of variance for pollen size

Source 8.8, DJF.  Veriance P -
Total 1,520.39 1499

Types 148,83 14 10.63 11,35 **
Error 15371.56 1485 0.92

e Significant%ét 1% level



Pollen sterility

APPENDIX « VI

Co GENERATION

X2 Table

Ireatments X2 value
Type 1 vs control 0,028
Type 8 vs conirol 0.067
Type 3 vs control 0.133
Type 4 wvs control 1.253
Type 5 vs control 1.252
Type 6 vs control G778
Type 7 vs eontrol 0.426
Type 8 vs control 0,025
Type 9 wvs control 0,001
Type 10 vs . control 0.171
Type 11 vs control 0.255
Type 12 vs . control 0.031
Type 13 vs 'eontfol 2,351
Type 14 vs cantrél 0.143

Value of X = 3.841

None of the differences are signiflcant



APPENDIX = VII

. Co GENERATION

Analysis of variance for the number of capsules

BeBe

Source - DJF, Variance F
Total 11,340,51 59 |
Block - 9,71 3 3.23 /21
Types 2,735.,00 . 14 195,35 - /1

| .
Error 8,505.80 42 204,66 -
APPENDIX - VIII

Co GENBRATION

Analysis of varianga for the number of branches

Source Se8. DJF. Variance r
Total 110 .66 59
Block . 3.65 3 1.23 1.12
Types 38,75 34 2,76 2,53 *
Error 42 1.09

42 .40

Significant at 5% level




APPENDIX

Le:S

Cz GENERATION

Analyais of varlance for the height of plant

Source Sede D.F, Varlance F
- Potal 4,034.14 a7
Block 1,016.93 7 145.27
Types 720,18 | 300,00  6.62 **
Error 2,237.03 38 58.86 '

*+ Significent at 1% level

APPENDIX = X
. Gg GENERATION
Analysis of varlsnce for the thickness of leaf

s;i » D.F"

Source -Varianece k3
Potal 3,399.92 . 599
Types: 871.62 2 186.81  36.64 **
Error 3,028,30 597 . 5,07 |
«* Significant at 1% lovel



APPENDIX = XI
€y GENERATION
Analysis of variance for the number of stomata

Source - BeSe D .F . - Variance P

Total  1,350.00 599 |
Types 280,06 |, 2 144,52 81,64 **
Errop 1,061.36 . = B97 1.77

% Significont at 13 level

APPENDIX = XIT
Gq GENERATION

Analysis of varlance for the number of flowers

Source 8.8, , D.E, Variance F
Total = 8,867.70 a7

Block 3,108.66 ? 444,09

Types 165 .46 2 82,73 /1

Errop 5,593.58 38 147.20




APPENDIX - XIII
G5 GENERATION

Analysis of varisnce for the pollen size

Source Se8e DeoFa Vararce F
Total 597.5¢ 599 | |
T}’pes - 83.12 ; 2 41.56 48,32 **
frror . 51442 597 086 |

## gignificant at 1% level

APPENDIX - XIV
Cq GENBRATION
Pollen sterility

X2 Table
Types | X2 value
4x vs ox " 0.828
4x vs 4x X 2X eross 0.028
ex 'vs 4% X 2X eross , 0 456

Value of X% = 3.841

None of the values are significeant



Gy GENERATION

Anglysis of variance for the number of capsules

Source B48. fB;?. ~ Varlance F
Total 15261.54 a7 -

Block 871,11 - 7 5315 |
Types 305 .89 2 152.94 9,04 ¥+
grror 584,54 0 38 15,38

wx Significant at 1% level

' APPENDIX = XVI
Gy GENBRATION

Anslysis of variance for the number of branches

Source 8.8 ; DY, -Variénce )

Potal | 52.88 47

Block 4.26 7 0.6
Types  19.83 2 8.91  13.21 ¥
. Brror - 28,76 - - 28 0.75

o %ig?ﬂifiﬂg&ﬁt at 1% level
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FIGURE 1 (a)

RATE OF GROWIH OF Cp TYPES (TYPES 1 - 7))
AND CONTROL (TYPE 15)

T
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FIGURE 1 (b)

RATE OF GROWTH OF Cg TYPES (TYPES 8 - 14)
- AND COUTROL (TYPR 15)
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PIGIRE 2

HEAN HEIGET OF o PLAWIS
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MEAN NUMBER OF BRANCHES - Cp PLANTS
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FICURR 4

HEAN NUMBER OF FLOWSERS AND CAPSULES - Cp PLANIS
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FIGURE 5

RATE OF GROVIH - (n GENERATION
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FIGURE 6

MEAN HEIGHT OF PLANTS - Cp GENERATION

FIGURE 7

HEAN NUMBER OF BRANCHING - Gy GENERATION

FIGURE 8

MEAN NUMBER OF FI.OWERS AHD CAPSULES = Gg GENERATION
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PLATE I

GENERAL VIEW OF THE EXPERIMENTAL PLOT

PLATE II

COMPARISON OF Cp TYPES (1 AND 2) WITH COYTROL (15)






PLATE III

COMPARISON OF Cg TYPES (3 AND 4) WITH CONTROL (15)

PLATE IV

COMPARISON OF Cg TYPES (5 AND 6) WITH CONTROL (18)



PLATE IV



PLATE V

COMPARISON OF Cg TYPES (7 AND 8) WITH CONTROL (15)

FLATE VI

COMPARISON OF Cg TYPES (9 AND 10) WITH CONTROL (18)
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PLATE VII

COMPARISON OF Cg TYPES (11 AND 12) WITH CONTROL (15)

PLATE VIII

COMPARISON OF Cp TYPES (13 AND 14) WITH CONTROL (15)
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PLATE IX

TRILOBED LEAF IN Cp GENERATION

PLATE X

GIGAS NATURE OF Cp PLANT






PLATE XI

COMPARISON OF FLOWER SIZE OF C, TYPES (1, 2, 3 AND 4)
WITH CONTROL (15)

PLATE XII

COMPARISON OF FLOWER SIZE OF Cg TYPES (S5, 6, 7 AND 8)
' WITH CONTROL (15) '






PLATE XIII

COMPARISON OF FLOWER SIZE OF Cp TYPES (9, 10, 11, 12, 13 AND 14)
WITH CONTROL (15)

PLATE XIV (a)

ANAPHASE - I OF THE Cp TETRAPLOID SHOWING
26 CHROMOSOME AT EBACH POLE



PLATE XIII

PLATE XIV (a)



PLATE XIV (b)

METAPHASE - I SHOWING 13 BIVALENTS IN DIPLOID
PLANTS OF Cg GENERATION

PLATE XIV (e)

DIPLOTENE STAGE SHOWING 13 BIVALENTS IN DIPLOID
PLANTS OF Cg GENERATION
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PLATE XIV (e)



PLATE XV (a)
SEEDS FROM THE 4x  x 2x 6 CROSS

In the centre (71) viable seeds obtained are seen

PLATE XV (b)
SEEDS FROM THE 2x @ x 4x & CROSS

Shrivelled and nonviable seeds obtained are
seen in centre (Fy)



PLATE XV (b)



PLATE XVI

COMPARISON OF Cg PLANTS (2) WITH PROGENY OF
CROSS BETWEEN 4x x 2x (6) AND NORMAL DIPLOID (5)

PLATE XVII
'COMPARISON OF FLOWERS

1. Flowers of the C3z plants.

2. Flowers from the progeny of the
Cg tetraploid x diploid cross.

3. Flowers of normal diploid.



LATE XVII
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