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IH!PEODT|C!PIO]^

0M.13.ie8 (0ape:le«a' f-mtes-OQiig 1.) is wisely iie©a

in laflisi for e^inary piirpesss, Iriaiaota.oa of pol^mloiilar

feaa beoa suggGgtefl as a naegns of improTeaieat of ehillles

"bjr earli©3* workers ("P®! et sl^ 1939; 1941? KL^k^lo,

^ 19^0). ®ie eeope of pol^loidy breeding in protlueing

nm stipoi'ior plant types is mil 3?eco@aisecl.

Sutostsatig^ 'evia^aces are in literatmre to smpport

the I^Bot that colahlciae iaflu©eS polypi©ide of ©oversl

crop plants have eotabllaheS tlieaeelvea as promising

vaxi-Gtiea.

,;5-

P

Iiwestigstions on the inQuetion of poljrploi^ ia

chilliea by the Bpplicstioa of coldiiolne was sfeai'ted iti

the yeai? 1966 in th© ikgrlcmltaral 0oll©g© snfi ge©©ai'ch

Institute^ Vell0,ymi. Indiraiims (1967) tTeatei the seefis

im& seedlings of oliillies with varying conoeniTatioiis of

eolohidiii© fo3? cliff©rent durations in her ©li tempts to

pfoduee tetreploid types» On© tct^aploi^ plsiit vim

gi3.ceegsfia1.1y ohtaineS hy tyeatiag the seedings with 45
0

^er ©sat csolohioxne for 9 houi-s. In her Binifiiee

Indiiramma recorded th© extent of raorphologicel Vf?,riatioiis

that Qoeurrofi among the colGhialne treated plants ia

addition to -lihe characters essooistod ?rith th© tetmploid

plant.
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The study reported in tMs thesis ia a continiaa-

tion of the previous work, and embodiea the details of

investigstions carried out on the Cg generation. Seeds
obtained from the colohicine induced tetraploid chilli

were made us© of in the present investigation, fh® '

objective of the work wsa to find out the extent of

morphological variations among the Cg progeny of the
polj/ploid in comparison to that of the diploifl®. The

studies were elso directed to ascertain the pl&nt

characteristics of the polyploid type® and ebnomalities

exhibited- by them in the Og generatj.on. Cyto logical
studies were ^so saad© in the plants suspected to be

.polyploids as a coafirmetory measure.
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The cliseovery, mafi© "by Mgsti,

Blalsesl©^ mtl Aver^ (1937) mi M^hel m&. Buttle (193?)s

th^t p0ls?ploia etraine of plants cas be prodiaeei ia large

iiuial5©2?s ttoough tM© ©otioa of tli©, di^ng Qolohioim psYefi

way foi? lateaaive stuflies on the ai^tifieial proiiiotloH ©f

polypl©ids, Severn aetBtofla of eoloMeine application

liaY© l3©ea eflopted for the in<aiiotion of polyploidy ia

plants, $h© principle unflcirlyiiig the colohioin© t3?©^te©Et

is that th© alkaloid must b© brought in eontact with th©

actively tlli'^idlng eells, ©tis is ©ffectefi either "by tx-eat-

ing pr©~@oals:ea soefl© with colehieiae soltttion- or hy

applying eolcMciwe to th© growing tipa of the @e©iliBgs.

An s,tt@fapt is mad© hei-e to mview th© work floae on the

ffl©tii.oas of apjjlieiitioa of eol©hiein© in a wide variety of

©eonojaio pisntgj

Scgd tTOafanent

Ds-eatment of 0@©as with eolchicine at differmt

ooacontrations foi" different iwatioiis hes been fAund to

1)© effeetiv© in indueing chromosome dotibliag.
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lajHaaujem snd Joehi (1941) «s©a conoeatmtions

of 0,05, 0.1, 0.2 end 0.4 p®r cent eq^ueous coleMoine

solution tow -iwatioa rmgirig -tTO® 1 to 8 day® and Ale^sic

(I960) 0.8 per cent oolohioin© solution for induoisg

pol^loi% in chilliea. These woslsers treatefl th© 3©eas

in th©i2? experiiaentQ.

Biehsri® (1940) mfi Ss'ivaat&va (1956) •
A

pFofiuoed Eutotetrsploifla of s^saiamfl by tr©at*iiig the seeds

with colchiciae of various coiieentrations foi* vsr^'ing

durmtioES.

safl Joshi (1941) aub^ected gex^^inating

eeefla of grsa to varying:' doses e©lehi©ine eolntioas,

1!rea'fai!©at of seefla with 0.25 ceat ©qmeous solution

foi' half m hour ^ave th© best 3?©swlt from the point of

view of survive ©f stealings eaQ inSuction of polyploidy.

Si»iVBStava (1955) fowafi in Oicor arietiimss thst

a©ea tr©at8i©it with 0.25 per e©at oolohieiKS® for 30 miautes

was euperios? to seeflling treafeent iifi IMuoing tetraploidy.

lao (1944) produe©a tetraploid strains of

Corchoms olitorius by treating dry seefis with eolchicin©

aolutionsi of 0.05 to 1.0 p©r ceat concentrations for 12

to 24 hows.-:



Sfisjaauja® (1945) in^iioed atttotetrs-

ploidy, ia s©y©rea, aelf ateril© apsclea of BvmaXm.

treating tli'y s@©tis in ©qii©o«s eolofeloin© of 0»1 to 0,4

,p©r e©Et atrmgth for 24 to 48 Mum and gej?minat©a soefis

in 0,025 to 0,1 per oeat fos? 8 tc 24 Iiowb, Warmls© (1945)

co«M iMiio© pol^rploi^y in farss^aeiM kote « smWz

immsfsirig seefl© Ib 0,05 to 0«8 e#8t CKilehleiris for 1®

2 sEi 4- ijajTS ia ooirorc?^ filsfees at Tom tG®p©mature,

Hertssofe (1954) obtsincifi tetejploifi foms of Oryaa eativa

t>y lm©i»aiiig geMiaatofi seefia iii 0.05 p©r oeist oolofeielu©,

S©n and feid (1955) inflmced in Vi^ia siaensla

toy t3?eatm@Bte

Seedling treatment

f^©atm©nt of tlta apieal buds of yoyng seedlings with

GolcMoine solution is y©t ano'feJxes? method fos* tine iatection-

of polyploiiy. (1955) mv^lng on &ifoliiM i?ra,t©iiee

eoiapai-etl the effsotlveneas 6f fiiffeMnt teobnique® eommonly

uG©a ana fauna that se©dliag treatment gave tlie best

S©©le and Bemfora (1945) §ti0c©asfifl.ly flombled B

liaplold peppers to their diploid foms, l)y em©a3?ias 0^1 to

J 1.0 per cent oolcMoia© emwlsion on the growing tips, once
or twice a \ve@k.



iMaimura iniweea-tetraploiij In tommt®

®§©iliiig :li'm:bia@a.'fe. leaal^' (194©) profluoei poljfpl^iis in

% eoleliieia© .iT@a"to©at ©f seeilin^-.

Ctidmiimr^ ^ ^ (1956) pr©^uoea tetafaploian ia two

TBfi@tie0 of Corehogna g^Bsals^lB isi tlis?©® Tai^ietiiss ©f

'S.* 'ti'estiag saefili»^ .with 0,1 t© 'OeS i@:p
©©at eoleMeia© for i4 liowa. Sea ©si OMflba (1958)

'tesat^a mm smailnm Plmseolma laim^Q fAtl ©.^S' 1» 0.5

pei" c©ii"l ©ololiielae for 6 to 9' -liows ©fie ox^ "Iw© 6sy®

®ti€ 50- f@:r e©at pol-ypl-Olis.

Sea sni Ihowel (I960) fotrnfi tbst ©eeiliag treatmea-fe

was ®«©li mox*© effecfeif© -fesi tlmt of aeeia in iaSuoiug

•tetmploliy -in Tigaa sineag.ie* loulsawoBt (1961)

tliat ia ri6© treEtamt «d1;li 0.1 pes* e@nt ©oiehlaliie

eolation for 2 homrs eowli infiiioe polypl©l%. I'b mm

©b00F¥@a tliali 20 fey© ©Id. plant® wei'© feetter thm mmly

germiaafet seedlings to inclti.«se' p^lirploifly. ; Em® ani ^

Zmurm (1963) ©ppliefi 0..5 f^T mnt eoieliicim© la w©t©y

f©i? 90 iiinm"fee@ • iaj.for 3 e«iase©ativ© dagr® on tli©

' spio^ Mas of me seedlings of A.ya©M0 mivmrnBlB mi
its #ii?om©eos0 ama'bsi'o

0 they jieSwte
CijWi iiriTMiiiji^i.iii^jiiur'>i'P/'i"i ••'I ••' "

^pai'% fFd® seefi se^filittg tFeatsGfitj ©olshieiae
Ma hmn appli©^ to YBXloum other p&rte ®f plaits m&- n&B



"y: •been reported to equally effectiTe in iMuciiag

ehroj!!,o0om© doubling, • MathoSfs adopted hj various worker®

are givoa "below.

Pal et ^ (1938) induoea Dolg^ploifly In chillies by

treating roo''l»a ©f seecilinge witli O.OS to 0,4 ^ot ceat

eolehioine foa? 4 t@ 6 hours at tte tia© ©f trsmsplaatiag*

Piers© Gairsudasi snd associatiss (1937) gsaw the

first ?sc€souat of pol^loidy induced by colohicine ia

lliima roota.

Hcbel mdi Buttle (1938) treats^ outtings of

•JmQeseantia reflem with 0.2 per oeat col ohicine £ov 4

hotars an«l induc®a tetraploi^y# LaEghsia (1940) treated the

ssilXary "bufis of ©es®ie with 0,5 pesf ceat 0,4 pereeiit

eolchiciae aai aew bufle aevelopefi were tG'braploid b3?mehes»

• Shifries (1942) tidefi 0.3 to 0,5 cient coloMeiiie ,;

eaialsioB -oil th® short apex ©f OieiMiis satiwa. at the

eotyledonai'y stgge sad this fouiia to be m effieieat

method for the mmB production of polyploiSa.

Kmi&s ^ ^ (1957) ia orrler to overcome the

aterility of the -fcriploid hyteii- ©bt©iiaei from b ©roe©

betisem a tetrapleifl tm&- diploit Arachio hypoga© applisfl

0.2 pel' ceat aqueous colchicine to the buds of the



>

•K

8

aii§ prot!u©ei a feiftile ailofe^acsploii

plant,

Sol3ti (1963) pyoauced tstraploM straias of Menta

pii3©rBte las' ti'satiag thB Sttoltere of fiiplold plmta^ wi'lSi •

0. t per cent eolcsMioin© foi* 24 feo^rs.

MorphiolOAleal vai'iationg

OtecfiioaoBiel •sbsioi'ia^lties morpliolegiopj.
y

vsriatioKB In "bhe plant eliarscfeers aye ssaoeisted with

poljploifly. The usual ayiap'feom noticed ia the gigas naiiire

of plants, However, (Sooroasefl rat©, later

flowering @to. hsv© alao horn laotea. Moi^pJiologic^l.

vsristioa® in plaiitgi to treatraenlj witli colcjhloin©

hsT© b0©a reported 1)^ sev©!*^ m0^'km''&* fM© literm-to© on

the rjio3?pl3ologi0^ vai^iatioiis ©bserwtl ia diffemit orop

plsnts sre re"Vl0W@d below,,

Aooorfiing ,to E;iMsi.r aafi Atoah® (1942) t€?traploia0 •

©f' Phas©olBsi ill, general e-liow©a a gro^/tlj. rat© and

eoaee-qmmia.^ took longer tira© to reacli smtiajfity eat

fl©weying tliaft th® diploid®, Howevei?, Btitotetrsploiie

wei"© Issrgei', in mafly I'sspect^, th©ir related

dlploids as ?s result of incr©as©a oell ©ia©. In general»

SIhere vmB m increase ifs siae-of varlousi pl^t pas'ta,, a



ia growth and ia flow^S'iag anfi often an increase,

in the aarfcaess of the foliag©,

Accoi-aing to StebMna (1950) inore^e ia ohromos©®©

tttiiil3©i'9 0ft©r5 resQlte^ ia sfeaomalities sucli ®0 fiwarfitig,

wriaMLeS foliage mdl weafe plants. In most of the ,

tetraploia plsite growth i® slower st first feut later on

it gmm I'api^y th.an th® diploifla (Jaagki m&.

B@abai?meh9 1962).

P^s Basiaaii^jm ^oeM (1941) inclmcei polyploiij

ia ehillie® "by treating, th© seeis with cololvioiae-. !ffh©y

oljtaine€ §4 tetraploifie, 4 perielin^ploiia chimeraa (with

4a ©pifiemis 2a pollea) aiifi 186 fiiploids from s

pogi^atiea of 244. She tetifaplcjicl© w®r© racognisefi on

the "baaia of their tfei^er stem., biggea?. tMcikey

lea'va©, IpiTges^ atoaista, hlggor pollea gi*aias with 30 to

90 ceat pollen stertli%, la th© Cg geaei'ation.s

soil© progeni©® of the tstragloi^s were fowad to consist ^

of oaly tetrsploifls but otl5©s«s of diploite eiifi tetya-

floiis showilfig that th© pai^eat pleat of, the latter ?/as

reoslly ®ixoploid, ®he perieliaalploii ehiaera gBV©

rise to aoM^ diploid progenies as was e:^GGt©d. Xn

the 0^ gea©ration the tetraploifls sagain gave riae to
tetrapl©ia®9 fhe seefi .setting wm higher in th©

geaerstion.
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Ggorgieva (1961) fotiad that the autotobraploid©

of Cap9i©Mai ai'e chayaoteriaed "b^ increase in sia© of tli©

e©lX, l@sft Stems fIow©r, stoiaata, p©ll©n qsi<I seed,

viseosiljy of the oytopli^!a» th© sise ©f the fruits ©rid

the 11123113©^ of 00©d0 wore reSuceS# Gfowtfe. was rapiA but

th© plsttt mateefl alowlyj flowsjlng fsmitini; oe^^riag

umofe latei' tban in nomal plaats,. The a.utoteti'aploitl®

w©re unstal)!© md productivity iescresasea in sutoseqiiQut

generations, iaetoic (1961) fomd tl^at ia tetraplQii

Oapsicm anaiiam th@ frmits "were sms^ler Gfifl ligfttex* "trnt

with Mgh©s* dry matter eontent,

Ghoflgsonksrs Beaiip^S© Beofoas? (19655 1966;

1967) Golleot©a two s^-ples of 0^ tetrsploid seeds in
Ghillie©. ®hey showed 16,9 pes* cent and 27.9' P®®* ©ent

inoreas© in weight orer nom^X Siploid plant, The

heavier seefi prodiaoei t©tre,ploi^ in Cg generation. 15h©

Cg plsnta wey© gi^ntie having inereaBecl height, "broad#!?
loaves9 flo?/ers, stomBta aafl pollen grsin sis©, fh©

s@eae were larger and heavier. The 4n nmher of ohromo-

somes v!&& oyfeolo gioally confinneS,

i

Srivsstavs (1956) ohseirvefl in Sesame oriental© It*

that th® GOlchieia© treatefl, plsiits ©fcowei m ©Erly

retardei gro?;th followed by a consifi^re'toly onhanoed

growth rat®. Hiehharia P©rsa3. (1940) fotaad that in
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tetraploida of Sesnsium the pXanta possessed sm©ll©if

bypocot^rlj thick cotyledon short stunted root,

fhose pl«it@ we3P© clias?®cte^iaed iby Bl03?t©i?, etiffer e»4

tMekes? st«sa and d©3fk gre©n» broad and thick leaves,

fh© auttoDrs confirsaed that such plants were polyploide

by observing the ©hromoeo®© aiwaber.

I,anghaffl (1942) found that in SeBatnum iBdicam L#

the tetrmploid br®iehee posseigsed large mucilage gl^ada

and larger but fewer number of stomata. 5fh0 pollen

mother cella of such branches showed the te'la^aploid

chromoso®,© nia®b,er of 2n §2 while^ oilers, had chromosome®

between 26 end 52. Some of the tetraploid branches wer#

fertile. !l^he number of poda and number of seede per pod

did not show any difference fro® the diploid®. But tli©
1

seed weight was more in tetraploids. Kobeyaehi and

Shimamur® (1945) observed that the polyploids of ses^m

possessed thicker eteBi, large;? leaves and bi^ei? stomatsj

flowers sEid seeds compared to the diploids ^d the saad

was stable even seven years after the treatment with

colChicine. Shisaiaura and Kobayaahl (1948) made the

following observations in the coiehicine induced tetra^

ploids of sesame, fhe tetraploids bore shortet* mid fewer

number of capsuleB» but the seeds were iBrger. She

fertility in tetraploids were poor. However, oultivation
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imder stable eomiitieng showed the,t tk© fertility of tli©

teti'apl©ifls om b© improved,

Pai^thassBTEthy pjifi Kefisi-nath (1945) proSuood auto-

tetrsploids in sesamtiEi and observed that tetrsploids

possessed g%gw ©temeteristios. She tetraploiie

aurpassed their diploid pyogeiiitore in features like

seed weiglitj niMbei' of branelieG and bigger siz©^ flov/oa?s

sad pollen gi'aine. But t^y mewe far beliind tb© diploida

ia fertility. In tetmploids the oapsijles wei*© leaser in

ntasiber md tbey were small es* in siae®

Syiv^stBVs (1956) studied th© breeding betiavious'

of indueed polyploids of SegsmtM orientale L. The

tetTaploids of geaeratiea wer© ©lisracterised by tlje

general features associsted with polyploids such as

delayed growth and flowerings larger but darker foliage,

larger pollen grains and s^tomata reduced fertility.

Ia the Cg generation 176 tetraploids &ind flv© laiacopleids
were obtg3,n©d from l8l seed® ra3.sed from the tetreploid

;pl@«t. Seeds from some treatment filled to ger.iiinat©i''

She Og plants also were charaeterised by the gigsts

natuj^e.
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. • (ISfS)- 3?ap6^tet. e©l©-M©iiii

iiiitaeed tetratilolfi showei m mrlf T@g©ta^iy©
t • ^' • ;

iieiit, • Baf a®w@riiig ®iifi feetliiag 0Ji©w@d m

tmm *bliatV@f fiiploM®. • p©iisea®e6.

saell©!?- fruit® with fewer . KusdowiGs (tf64)

oteer^ei '#10% in tli©'g©iai3® lyQQpe:gs-i^oB> 1»li©

mm les© tht tfipl©|is, (1967) fonai

that a©l:®©M®B ia 4X 'X 4* liFb»ii0' ©f tomatoes lei *1©

iia,tr©"fesi0at0 la fsriiaess., fs?alt'eet swfi fpiit -alse.

ftoet line® ir©a.©M©i <?"« ®ppTOmeh©i iipXoids -in •

' ©iia?lim®es 'sat tE« ia &w suga^

ae©®i'M© a©ifi outsat, aad w©3?® bettes" in "0ol®»,.
1 • •• ^ .

Ssd^ (1919) .f©UHd amt©t®tr®pl©ias ®f
. i - •' • ' ' ' ' ' ' ' •

lieetiana' am^tiest' sai !• ^attea mo8a^^ae.a

samll©» tlpit©Ige*/' BttftJte.leaves .w^f© tMetees

Ijbms' coyresisendiBg Aiplsli®*. Oa ©tMei? Swij

mmm aafl m^e^ee: (1939) oteewei sMpie, ,

tMeker safl trngBv -m'^hBrn-f ©©y©!!© Clowes?

la til© •t©t3?fipi©i<lB ©f lieotimBs*.'

Kttijfiu Sliaiia& (i§S6)- la

Gog#io^tt@ eiitayiu© 1.. fonafi tlmt %li© is^trBploiila

w©TO ©air allgMly ImB- vimmm eori-esipoaateg

aipl©Me«^-- times th© • showed Sil^©if

\



pollea fertility thsJi tlie diploifis ©ad the meiotic

abnoMttaXities wefe comparatiircAj fewe^o

• ?i@ssr©v (1955) repoi'tecl that when the wiiaat x K-ye

liybrids treated, witli eoldliioincs they gave liigh ^ielS,

in grsdii aiifl straw smd showed higlier pTOteiii eonteat.

farkowski (1965) found tlist in rye the diploid

vat?ietie@ hai a gre?ates' minibea.-" of fertile ;0.owers and

tliiat they set aeeds more eaeilsr thm the tetraploi^

mt'^ieties#-

fs-audsdn (1959) oteervei that tetraploiie of red .

©lover syypassea the SiploiS.^ ±n pes'sistance, yield of

ds^ mattes^ and cmtle px'otein Imt -x-Bthea? low in fei-tilitsr.

i- Aiffistfong .siifi iloto©rtsoa (1960) foiini that t©tx'8p3,oifl

alsils:© eloves?s sui^iassee the diploids in oiias'acter^ like

pollea tllOTeter, etoraa aize, number of plfaJitias is gusrS

cells, Jarlglit of th,® plrant^ lerf area, eee'd sis©,

yi©ld ete.

Melita-j Sufermsaa-srasi Swajftifiatlisa (1963) sfefilefi

th© effect of oolcMcitie on ton» straina of 'berseeia

Cl'gifoliiim alexgrnflrinm -> 2a ss 16). All tlie festui'es of

aiitotetfaploi^S© smoli, ©e ls^g®r si^se of atoiaatas cellJ??-

B pollen ©nil plant parts biiQ roQiioc?^ pollen

fertility wer© fouaci in tetraploi^ berseem. The
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n

tetfaploiSe mhom^ iregetativ© vig'©w

aMllty to pit>tMe© larger amfe©r of tilieys tiisn
I '

4iploito,

©dittcova (1961) atudiei tit© pollen siimotar© in

red alalke and white tHorem sai in fyigeliiaii ipeaiai&ittfetaffi

mA tmrA tlisl! tti@ t^isi-eploid £omm haft 10 to 93 per cent

,:f- • of the pollQft irre^as' in ftimk

Mehts (1S66) iiiduoea polyploiay in frifollm

fQeam ®i© pl^t© 0h©v;©.a the geaer^J- dhmmc^

te^ aa®ociatedi ssrith polyploiiy# In th© Og generation

the plants shewea diff©im©6 in their roBpom^ to poly-^
gloidy. However, was bxi iaoraas'© in fofsg© yi^a

©ssentigO. oil oeistent. me& set g^nefally
1

low# i
I

M®ng4ialiom (1956) |>rodiacsea polyploia ri<5«

seedling by coloMoin© t3?@steostt. He aieMngtxishea tMe
6

inS«oe4 t0tj?®ploia0 fvm th© original. Siploi«B fey th^

' awn S©vol6piB©ntj l»@3?@a®@d l^gth of. th© lig\^© of the

flag leaf the iacspeased siss« of tho spikelet md
pollen grsia®. lost of th© pollen gs-ains of th® tets?®^
ploids showed S -to 3 gera pores in oonti^ast to on®

liotie^a ia the diploifls* Pollen sterility wbs more ©v3.aent

in tetraploifiSf es a result of which the spiMel©t fertility

.V
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^ mm y©ii«}©4. 40'fey- in •fe-etyeploia®'#

®i:i SilasC1'964) fiiatiagmisi'iei tlae

t^feapleiie ef O^.yza mmoa tte
1

fi-arls gr©@i'f0limg.@t st©ii%eF veias-, Imgm

splli@l©ts as4 eiong^'lei tip ©f fale®*

'Ciili)' proiaeei XmB rlg&mm »tl aelf

^ at©s*i3.© p©l|^X#ii p^-tatoe® %- «»l<sliieta© appllcstioa# fl$

(slssts^ei a Itukmrn sj^^lstiensfeif ¥®twe©a in^feas^S yieii

AmvmBBi. st^eii ee-ateat,

S^i© (19-39) ©Msefvefi i» "©©3.efti©ia@ treatei

?sg©P3ri''©ii t®-teyi@aii -felmt tJie smrftioe of the hA% wsm
;

ffongk rit&. ii0F@ fy©aia0st sliges tleji thoe# ia

teatisoii; aai (iBW) ti'ea'fee® ragair'iee't witM

eolsMaia© aai' fomS tMt, aftei? st©2 -fe-etitriest, tli@

fi^st plmts iwXfpMiM Mt-

la'li©r isfcowiag a tmifteaey to I'eTei'-li "baek to •iipleliy*

0f sliodtiiig fl©w« MAs

flowers witli b©tl tetmfleii Ami ilploifi aeetos'®*

Pollsa waa a©t reitssei sltlieii^ ©• 4 gumflsi-

¥^©ii'te wmwe ®%s®w©i. Of tli© §4 B@©ilSaga grows fi?©ii

'p tUe t©t3?asloii Wmoh, -tJir©® wer© tetmplolSs, 13

ploifle m€ 68 iiploMs. • fho te-lr©pl©lfls mwB m fertil©

_/
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Showed 40 to 80 per cent tetrsploia© in

eomparisoa to 0 to 10 per e©nt sterilitr fliplQifls,

witk respect to wlmt height, tl© '^iffereaoe noticei

betw^ea tetr^loife f?iii diiploiti®'W'p.s not gignifioaTit#

However, tetrapioid plants poaseesed more am'bei' of

"braaeliea*

©ygner (1941) o^serv'ed largea? l©af lobes with a

ewiaea coastrlctioa at tte tip tn tk© tefeaploii of

Manibot atilissima wliil© in iioi^aal pl^ts tli© leavee wox*©

aax'x'owcs*.

SMfrias (1942) noted in the tetraploid Cacaaig

satiimg ^ accentuate® s©rratioft of

Banclolpli ©t ^ (1932) I'^portefl that the a^totetrs-

ploii® of maize pdSGeasefl tMc.kes'' leaves atifl eiiowsi

delay©a flowering clue to pi'oloiiged vegetetiv© growth.

Bao M (1944, 1945) distinguieliea t:h© tetraploXfl
jutG from the aiploia by tlieir gig&s charsioter from

their struc-fcural difference® in the ohromoisomes,

lamk© (1945) ofe-lmae^ tetreploifi races of

ffiraxaouM kok«-gQgli,vg by eoleliioine tre?at®®nt, Ninet©ea

te^rBploiSs grom in gii'een house sliov/©^ sigRificontly

larger roots hut a lo^mv nahber percentage thsn a siarilsr
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Bosptaaa (t9f4) eolleoted sised borries twm

the t©t:papXoid grsp©® obta3.a©a by eoloMcin© appllos1iio»»

3in^ (1955) wbiXe studying ^lebieine indiioed

t^traploids ia Oagl'sa found the tetra'ploids to b©

of no eeoaoHiio iwft^tsaoe sine© they mem hi^ly^

pi?odiae0d 3?©»ni aaeh reduoed in als®*

Hajan and Alwi^a (1956) studied tli© Mgih and low

fertility of diploida snd induced autot©ti"Bploida in

He fotmd that tb© laofc of fsrtilisatisa of noria^ ©ab^ye

aaea, prefeap-feilisstloa sbnomaliti©© ®ad abnom??! develoi-

neat .of embipyo sad ©adosfiem w€i3?e tbe ©Mef-oa^ffies f©:r '

atespility.

^ Fuiik@ (1956) dsBoribed s rapid method for the

selection of poiyploid plaiite. fbis metbod consisted of

imaoi^ing raatar© poilen grains la a mix^te© of on© pa'^t of

conoentrsted ®iilfii!i3?i.e ©oid to tbfe© farts of 2 to 3' p©»

mnt metbyl bltie seetic acid, ^.m tlie pollen poros wfere

distingttiehable as3 suiall indentations on the surfaco of the

pollen graiae. By this jaornis th© at^bor of poll en poses A;

wMch -wm found to be tferee in tit© eaa© of dipliiids and to

irm^ from 3 to 6 in tlio ooi^reBpoadiag tetjpg^ploida mm' b©

readily aacorteined nndoa? the ffli^rosoope, fhis method we©

" found to b© vory offeotive in selecting out tetra;ploid0 of
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> MtirrMaM Polygoni®, Ooti-Yolimliasj L.Ted-00rg:lmM

eaeulentiM ©tea

Bfasoj©Ti0 (>1956) ofe@©w©4 lst$ flo?ierlag m&

fS.peniag but Isrger ©eefis in the awtotetraploifls of

PMgQQltta yuljE^sria L.

>'

Blm-^tachafjeQ (1956) fomitl tlmt tots'apiQifia of

Ga^ianua eaaaa obt^siefi by ^sleMeime -fereel^Gat

lew©!* of "brs^eliea ®ad aofies tlsm

the ctiplsids. flie amber of leaves, sise of lemvos eiid

leaflets not show mudi ilffes^one© betw©ei3 tetyaploM

and iiplsid.

Seito (1957) r©port©6 that colohicin® iafluoed

tetraploifi atraias of lraea?l©i3B. watewelw wex'© wry Xat§

la maturing* Ghopra S-^mlim'thm (1960) ©"bsdrvod titst

seefi fei'tiiity in the autotetraploii© of watemeloE was

eo-3isiS©ret>ly r©6iieea»

ShsOTB and Butta (1957) fouEfi larger mil d^flsoT

plants is 'l^e polyploifls o.f O&yim^raia. sstlvu®. loa© Qt

the ©eefie from tlii© autotets'aploid wero gesi^insteS.

ai®m©mea (1958) fouRa that in forsg© g-rassea

eolehleia© intlueeS tetrgiploifle w©r@ lea® vlgoroua siifi

wini;©r Jmrfiy tbse diploi^e.
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ttnifora aiid polliniatiois:* Se©fi weight of tatm-

ploia m'gs doMlile thai; of diploifis but showed ©sl'y 20 to

30 p©$? enE'fe irisi'bil.ityo, Tli© nmfees' of e©ei© per f a's It

E^oiaiitea to about 100 la Siploide Bgs^iast 30 to 40 in

t©tmpl0ia@., She fruitra of totraploida were often

deforsiei m& we '̂® ansiler ISiaa tlios© of tlie Slploiia,

Maokairl© (1959) ©"bSQwml © r©tarfia"feioa ©f

In the C0l©Meio® tetraploMa- of Popialiag I,

and P» balaasiifem*

Moffett ani Hixan (1960) obaerveS that tetraploifls

of Aeacia ImB irigoacotxs tliaii the diploids. ffli© Ijark

^ imin content w@r© ga'^a-b^Ts feat yieli pes*

/5^ sore vmB lowered.

Siioafef© -said Deaal (I960) fomQ lirGsdef tiiickes?

leaws in th© ffcetrsplolds of m^yq oeatela.

Jaaakl (1962) obeewed that the teti'apioltl

Bamvolfiia gjQin?en1iiaa B. elioweS aa insr©as© in slkaloM

eoateat aufi larger ais® of flower seel i?:egetaMT© psri-«

fakili (19i2) iiidiicefi 1jeti»spieidy in Mma

l3.al"b.iaiaaa t^lrieh possessed thieler leavee mltfe sJiorter

petioles thm the diploifls.
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>v S^teaifea (1964), st«4i@a-til®

' ^hrnrnQ'^mB 0f -Sh© mm-fes-featfBploii S©mtt» imlgmye tfai i'te

lljbrid m±%h Soy^glUM liaieiaQiig^* fhe teffsflciii rc5@@iAl<s4

Its fertile aoisa'ts^f pBi't ssi eKliilaited lawea@e«3 sis# of

ga^aia.

fl9w@3.fewsra mA Oliiimappa (1965) iniwoicl sutO'teti's-

ploidgr ia O0.ff©a oaaeTa'feoya* lligas alaaraotaf©- w©y@ ao1i.i6©i

ia 'tli^ p03.ffl0ii@« • ws@ .profiass "brnt fwit ©®t

ws© low«

It'lliia C1965) iaiixcti. t@t»apl0ia» e0l^S.6iiie la

A©^t3.l6Da' SBSSSMSS"' ©Isow^fi ao»ia^

gr©wt1a ia tM st^s« Iiatei' tfee oolsi tfeiek©aet

tiHe.fisg ?,'as re&eei? esa? ®@.yge«e€! ic^layssfi an^

feeiglit fMe' ©ia^a mM -Hi© awi%©2'

ef ®piJ£€il€"|g aai gi'siiii ifgsi- fte length @f

8»i&#l©'fce aa^S BWim Sae ij;iia"b©r of

. fiorets -per @pifc#l©t was' ttii^HasigeA mi tfe© seeds wert •

lai-ger*

ftJjAou eai Sa© ClS66) fsmi tisat tli.® liyteiis ©f a,

4s X' 2x gola^mii ai^Mia easpiss mm?^ teller "llim ©itfeei*

«>£ tli© "pareat® saS li.aS §. w©|.X ie^eloi?©^ l3S'®.i@ltiag aySteiSo

Ir€iisres mm^ Isyge, tliiete^ fiayic gr^etif oirsat© witb aefttat©

raargitt®. fl%#y reseisMei. 'tlie te^lfaploii paront ia- folisa*
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olaarsoteM. Althoiigli We Ibybrii plsjit flowered pTOfiiselj

00 fruit waa foraea, I'olloa fertility wbb bb low sa 0.25

per eent. Meioti© etudiss ia th© pollen mother dells of

toylirids Gonfimea that they wes^e triploids.

liswe (1967) induoefl pelyploifis ia Oenothera. He

observed ttoat raoat of the teti'sploifi raee® olaowed a

marked increes© ia pollen stes?ility m& a ia Mm

se©d set per capaiile, fh©,re ws® no eviisiiee to ahow that

tetraploid pleiita produoedi a greatest eaoiint of nonviabl©

seeds tli®n tli© fiiploida, ©©a'Siaatioia i» fiiploias snd

tetraploid© wae coKparsble seedling laort^ity was

negligim©.

Cytoloigic^ obgeyvationa

fhe aotioa of coloMola© on mitosis has been found

bo -be gj?eatly ©fficiont, highly speeifio m& tota3.1y

selective. The reaction of colohiciae tlepenfls wpoa its

coaeentratioa time of ©3q?o@iar©. fhe obses-^stioii® by

ff0bel (1937)4 Nebel end Suttle (1938), Lovsn (1938)

a^y others subsequently showed that colehioine iaM-

bittei th© formatioa of the eplndl© in a dividing

nucleus witliGut affecting th© Siviaiou ©f ©'hi'omoeomes.

Du© to this? failure of apintll© fomation the daugliter

chi'OffiosQmeie do not move to opposite pole© ani tb©
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elii'dai00O8ie@' aoetwi'ulEt© in ^siy@ (*'eolelii©ia®—pair's")«

Gytokiaeai© &om a©t tBk© plae© aai tli© orlgia^ ml% iiss
® i-eeongm-tu/fe^i. mu&XmB with a^iibl© B«®b©r of olif^mo©©®©©,-

M©i©ti© ©•bii©»^i*ll68 liJie »mltlir©l©at fopastiOB,

©teomaMa kt'idges, legging ©teoia©some© ©to, s8so«siEtea

witto (soldliioiae tTOatmrnt hay© :r©f©rf@i %

woi'̂ ©$'S« lamaaisjs® Jeglii (1941) touni. © ii# 7

^uairimleRts miA -fe© rest li¥e3.en'fea amrlmg meiosi® at
iisklaesiis aaA I eolohicte® intoeefi

pol^loiis of C&mimm essSB» poiatei mi%

tliEt spe-^ls imm IMmeing polipleiij'' c;oleM©iae ©ffaetefl
in iai«@liig aijfies'ieal aai ©tyuote©! eltmges in tfe©

chTOmoeQii© ©esipl©ffl©at«

lioMiarla anfi P©i»s@i (1940) repo^-lefl O ts $

•raleii-ls ia tm.® EUtotetmploias/ of Sepsme. aaS

<j0sM.(t942j 1944) £o\m0 ttet ia Isli© Ag g©n©.i?sl3i©a of
g©B»m• 0gi©a'feale i2fi » 26) ^ S» pyostsiiM (2n = 36) 29

• 'bl¥gAeate w©r@ fow.eG at laeiosiii.. ©mapliaBl©' B'&pBter'

Um WES normal' wim 2Q ^ in eoa^ ©@s©s. 30 4- 28
sepEiBtloa was As© iio'tioei. foa^ plsR'tis ef tti© A2

Igc»tt#faM©a w3.tfe 2a « 45 TOSUntolea tte pTOSts'tH® fsi?eat
aild slioweS" a 'feypical BTOsei'a tiyp© of pai^ins ®i ^ 16
Mvalmts^anfi'13 ®t ii©lo0i®# •



27

fefeisrss-lii. s:fii. (1f4f» 1952). tlie

^t©l0^ of tetffspltii Bmmm aft@p 1 tmm Mt©

iate ©f iiii«©ti©», fli©y a®ti©@€ oomTrmmB-

©f t3 (jmgirt.'rsleii'fep isriag iieiosis wlilch

aos^^Alr* Mmzml ani lieh^letti d© sorps (1953)

©l3S©yf©fi in 'fell© .imbeeQtteftt geaera'ticia ©f ©oleMeia©

t©'te£ip3.®iis of S@@aiBiM5 tfeat ^iirlEg @©i©si0 f t©

10 w@r# ®ti flie mw%

¥lT®lea'l© wliilQ K^irnmath. (1954) TOportei

awfe©$' of q,mais'l¥i^eu1#&, MT^oats mi aiil«>

¥aXmts ia tli© sn'feotetrapl.slie of eeaisaiM.' Ipregmlair

a©.fiimti@a'Of &hwommom& mm aetiemi fiM^ag a©io$i8,

Isw® C1967) fsstttii^i tM Ffl©i^0i& ia.tke Infitteei

t^trapleMs -of Omio'liieipm tmmA that all tetfaijltifi®

s'ao®©6 © TOflwQti©!! ia ©hissme, I€o®t etumofllir

•m i^i'^golsr iiwex'i€sa3. tte ^hmmQmmm et

tiie first ®apli,as© mB oljetwei*^ miT^este,

w@y@ m% i»©Iia6©i ia the mcii-spfcas^ plata ©li tUBiir rattien

ine3..iiei©ii iti tl3.@ igrat eeuli aa^® e-ri ©Iteystiea in the

©toonQgem© ®Bpl.eraea'l, ftons %ad us^ei with more ©r

jl,©0©. aaa%©? ©f eteo®©ao?aes' mm femefl. i«© to th© lading
i

Wl&g@ fematioa at aaspfess© I

was aeticee, Maphese }wl&m l.ag^Jig ©teomosomeg-

mem femiai in tli® ©mspha^© II s3.so*
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S«ii0©!i'©a6 hmm. C19|9) '0 t© 4

ir^®als -p& ceil la tli© fdiiea sotli©!^ teller -©f •te^ipsploii

„ •-

*t!» (t9"4©) 0 "fe f ia

liu-fefOifpioM® of ^ •

Waia Cl-940t 49 s to

apittdl©- fii»©0 flit ii®f i,0ir©lop at ®i?©tha®t wltM •

tmMcinp #f ©.OS ©«» 0*1 p$3P @®iif

amfeittg mA C1I4©) «i»wei Hmt

a gtao%tl© mmtmlMA M ®i siitopol-s^loifi

*^Mkmm* f0m - . •

S^«tt|a» ®ai J"0irtot (1941) ataiiefi tM ®©ltsia in

«i'© itiittoti @f eietr .ayietiam. lelcisi® mm

the f©»sM©B tf vm0.m ©f.

qmairiirAfafe iiiife-iaesi®' snt 1« Sewa

f t.Qeaflug mm'% frequea-^y. Qi&f

®b@©yir©i a ^TOaistitt "fei-iig© an.i a %n

m f®w cells &ls mAphm^ X.

Sf@«p^w Ctf4S) s*@po»tei m in

ab©u^ IT t«»" ©etit' m^m ti?®atei fiasts ©f.
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^ Vas3?ma (1947) recorfiei Ijhe te©s!ioia, value; of

0-ialtosl© In the root tips of Hiljiig aigmiM bo 'b^. 0.01 per

qait,

Sillds and Sewdolpfe (1951) Bftsr analysing

m. aiatot^tPaplQi^ salae ©t the 'begimiag aiifi Cos? ®

periot of tea ypsrsj In wliiati selection for Tarlous

f©atuyc!0 wEiS takiag place, there wcr® laor©

Essocistlon® f@w©i? qusfii'ivi5l©nt0 at th© eiad of tli©

seleotioa peri©fl tla®i' at tli@ toeginniiig.

Oarpmtx^r (1954) troated root® m& rootlets of

gromaiiut wifli O.OOS pei" ©eat €5leM@ia© solmtion

pa'oduc©fl C-mitoei® cells wliieh showc^a a decrease in tli©

frequency of total nmber of aiyiaiiig cell©.

Wmm ©na Kmthrm (1963) the ehromososs©

fseBooistioii of iniuGoa awtotets-aploifly in Araclil©

auranenals. In 38 pollea. siother eella exMiaefi at

metspMse i, tlie freqiiene^r of queflrxYBlcsnts

0 to 8. fhe mo©t associetioa feeing 6 quetlri-

vsa.ents + 8 biV8l©nts. la a fCiw «©1.l0 trivalents mm

notieed. but a eorysspontling nwfltoer of unival©nts wef©

aot ^Tmm% Asingle mm® of .20 M^alrent© waa observed.
At snapfeae© I 20-20 sspariatloa vmB taost froqttQnt.
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0©Mfcu«a (1956) i3?s'©guXs3f in th©

colelilciit© iMuoei t©t?aploid sti'aiiis of two Japmese
I

Vas?i@tie9 of Ctteomia atitiviaa. •

Eonglap 'B&vi&Bm (19i7) th® ability of

^Niellioiat t© IMmcse €ij_roja©«oio© breaKsage in Vieia fafea»

Evaas et ^ (1957) ttsed co3,eMeiti^ as m infliestoi? in

mitotie 3?ate in bx^isd ^©an j»oot merlatems ©nil foiini thst

ths?®@ oonemtratlQn®, 0,1, ©»05 0»O25 p&r eeat w&r^

ai^lar in oapaeity fos? inSmolftg setsphseie scfcum^iatiofts,

fh© trea'Meatsi foip sore than 6 hotara# ©Mowefl ga inhlteitoi^y

©ffeet wMeh Blqm& dom ttoe rate of of mdlB iato

mitosis# the time ®i>©nt in int©f^lias© boing ia<J3?ea0®fi»

Sen gat Ohefia (1958) fomd tlimt tte colcMeitt©

inSmoed tetifetploicls of bletok 6i4 net show mueh

meiotie afeaomsslitiea. Quaifiiralont® few#

Bamon (19^0) oliserveg thgtt c©lGiiie!.ne treatflseat

of sor^fewffl'©©©aiiagis eawscsd tM®'arrest ot c^ll 'divlsioit

at metaphase with proiiaetion of star# @xpl03@d and ^sPLl

aetaplmsQ typga in the ahoet ^loes.

Smith mfi ffl.nei' (I960) o"bges»vea typical S, giitosis

in ^liafg cega, , , •
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y Islsja (1960) fdtmS eompsrsJilvsly lesser nmbsy ©f

qimflfivslonts- in thB Annoae. sq.u»oea9 "tei-
v^ents cwia qt3aas?lvaleats W9X^ not^M. LsggavS© were
observed s1j snsptese I and IX.

£0133. (1964) related melotic abaormaXitic^s to

pollen 0terili-fey. H© foimS tet the BspBmtion of the
'"'V ©li3?oiEO90&i® o<®plement at metaplms© XI ®afi etnapiiase H

tM*©e "aftequel 13 '̂fe Intt6p©i3«lsiit lEtmctioiilag gs'GU.pj

tos0the:r with non&isof okromoBomeB lead to tli©
proauctioii of more vaiflBble g^etoe. It mB therefore
concltstiecl that EimtopGl.Yi3ioiay cotttT?ll>«tea aueh to

meiotie iBstability.

fsrlsowski (1965) scored the frBquency of quaflri-

VBXenbBp trir^lmtB, UvpjBnbB end mivalont® in tho
1;etr^,pl0ias of ryB m4 shaw&l timt ehroraosofHal

aid not eeoresae fortiiity, hut in snemploiily,

Smm^t MmbJ. mm Kmva (1967) made eytologic^

stwdiee on th& induced antototmploUe of

oft'icinMiB L, leiotio festees o"b©Grvei inelmlei

qiis'lfi^sles^ts® trivalents md mimleirm ©t metspto^^j
Îmggard.^ ana "bi-iiges at aaspliaso gnfl ±n some cases of

^ mwltipolav spinale and nuclear "break dovm.-
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MATERIALS AND METHODS
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MAfERXALS Ml) MEfHOBS

ThQ iBVeeti^atlon w©® esi'riesS ©mt ia tli@ Blviriios

of A®yio«Xtisral Mrlewltiirel College mA mmrnJdh
Xneti-tnte, Ifellajsai tluring the jreas- 1967-68.

A. MatQi'iglB

XiiiiraaBia (1967) st«c1t©a, tli© effect of e0lcM.eisie

in indtmlng polyploiSy %n ©Mlliee. fM.seci© ssid soea-
lings of CaT)9io»ni fmatQe^sns L. of tlie oiirsin Butts
eerie© Io« 2 wore witM eolcM-oin©- at aifferent
conceii-teations eafi at var^rlag dtaration of time. From ttae

0^ gm^mUon Bh& got on© t©tmpl«iia plaat. fBis wsa
olstsined "bsr treatisg tii@ seeiling® witli 0.45 •

colchieiae for 9 houm, Se3.fed seetls ffom 41 pods Iro®
t}3i0'plaat'were collected, fh.ese e©efls together wifch. fch©
diploiis BB csont^el, pMViiefl t1i© tiaterieJ. th©
of Og gm©l^^tioa 3?epQrt©fl In this t)io©iB.

B. M©theia

Seefls ft'osa one poa im& con&l&&ve(k as on© line.

Out of tlsa 41 pcjie, froa 29 isoi© only geifalnBtet.
Prom tk©8e 29 lines, OBly 10 wei?© seleotefi (tliose tiavlag
a population of 9 plant® above) m& Is'ia out in a
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Isaioaiaefi mdoli: Besiga witli -ilfe© ^@;plieatl©as,^ Ie gt^bw

•fe© e'featiatiei^ly m® mlaMlm irat^is-fcion® ia tte

polyfloite ia mm-pmvimn xfi'tli. tli® iiplolis.#- fli© feiBaitilas

If Uses wQTQ rmao«i0©fi ia e sepafste tslook safi laaml ifor

oyfeo-aoFpliologiesl tuveatigs'teioa, . Mploifis were-plmtefi

es giiaTfi rows; tw© towb on the aai ©ne wow

. 0mh ia letwem tli© four blocks* 25 diploifi plaits f:roa

'feltea© were seledefi at fof- ebser^atiena?

G!i&ga6l»©i'0 e-feaii©a

fM f03j,©fiiiag #L8^ac"fe®3?s W-^r© stiiiiefl,

1, gQiataa-lioB. per^eatagQ

^ . file 0®ea@ d£ tH© pol^lQii tli,© ii:pJ<5ii pisfite

w©y0 Eimtet in wate? for 2©. M©«ks ©» lat Ge.t©^©i* 1967..

fii@@©,©ogtei' BmtlB v&p. fespt f©» g^miastlon on moi©'!

Ill©tting is iieMtS*- S©©as fro® iadiiriiw^

• poSs w@r® s©psy©1;©l'|̂ « fM'® atiffll?©!!? ©f seei® g©3?ffl,iuatefi

is@i?e ^©wtttecl ©vefy sttS ^,jfe.b©j fi©!*© te@asfer@fl to the

pota ia 'fell® fieia« SeMiaa-feioa ^.©reeni'ae© was epaenlstei

wlien til© gorsiEatioii of s@6ia oeaeeS eompletelj in

•m&. f etri c1i.gfe09<. , fH© dates of mmmmmmm^ ©omple»
tlon of geminatiom itt m@ ©as© of fliffsfeat tfea'taeats

wer© reeorfiei.
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2. iQ£o»it.T

• Ate03®^i'lii©0 .©«g1i csf^ialsliftg Qf- ItafeSj

:r©tsy€ati©a of grswlto, fiavM pi@t.©tt%a"lioa ot the l©Bi?'es

©•lOa sliowa "by the fixate wair# iitt-icei £mm. Ish© ^©?j-

Ije^ifiniag aati t!i© w©®© r©eo^i©i trdtli i'espe©!! i'O t!i®

plants,

3, • BeigM aaid giareaQ &£ •pimts

leigli^ of pl^ts w©s Bieaeayefi la «

from m© soil le¥el-t© tfe# of tli© ^leei* fer^ioli.

$M© olja'eir^stioii was and® at weokls^ ititews3.s f^o® tk®

of traasplsating to tli© fet@- of har^ee."!.

Sf^eai @f tlie. inaittlflMsl. ^ImU wm, reaQs-d.ei m.m

i©., tlij'e© ijefore. tfee firat tew©9t,lngj wftea

spread w® saximaa* -

4* I)Qjaf ©ilaga©te»

(a) &ri5B 0f l©air®a

B!easar©@.©$iti &<&& &£ -lesifes wsis laafi© ia 3^» 'GBi

itiiiittg: pa|j©i* laQtbefl)# Wqw fhis

'25 iBrnvm mm sel©et©6 teeiem fs?©® ©®«sM liit©^ 60 isy©

mftar t^msslmtlag tl»
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(Ij) fhiokneea of leairea
.$•

fli© tMcs&aesa of leaves of the suspeetefi. poilrplolS®

wa© 3:'e©oi?a©i froja t^e ^an^oajX^ <?olleetei samples, f©r

eseh pltm'k twenty fiv© Mnd section© wer© taken from the

oeatral position, of the Xeavcss aacl were mefiswyefi in microji®

(i|), t«i<303* the mierosoosie.

5. PXow^r €;ountB

Ott©as<i flow^ra on each plsjit were counted dsil,y

TOtil tfe© flower profittotloa ia all pXmts cessei eoropletely.

fhe tsteX ®®ib©i' of flowei's ps-oQiim^ per plast per liae mm

estimated. Sate of floweiPiiig rmil. tim© taken for fXowm'ing

from ths flat© of gemiaation of inairiSu&i. plmts were alS50

reeoi'5ea»

6. fruit set

ffee number of £3?«its profl-iieed weB :reco3?<l0A at eacli

to¥e8i% TM total pa?Q<iiiotionof l¥uits "by inaiTidu^ plait

wee ©atiastei aad tlie pereeiitage ef :&«it set per line fms

calei^latefi,
/

7. Sig© of frillt3

fm& ovBvy 11^© 1-00 fruit© -©©r® ©elected ©t random

and t?mi:r length and girtli wer© raeesias'eS in cssi.
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8. Weight Qf fyuita

• fl3,e frui'bs • frosa eaoh plant weighM at the

time of mc'h hardest md were yeeos'iefi aM

snalysefi efetietieslly,

9. of seete

Weight of 1000 s©c?i!s from eaefe lin© was i^ecarded

ia g:3?aia a»fl the fista ststlstioally ssai?5..;fi§ftcl,

10. Yieia

Yield of fi-uit® foi" all tlie pl@,nt9 we,s i^ecorde^*

11. yollQfi studies

(a) PoIleE eteyility

Anthers wer© collected from plants a©leeted at

xm^oa under eaeli tlm ut aljotxt 3 a«®. Poll ©a gmins ©f

each plant was dusted on m elean slide md staineQ witfe

1s1 glycQS'iii© ac^t-ocsmiue,. fhe slices wer© esasBinc^fl

mi&QW th© low x^otfer of a ecj®p©TO5 istoroBGope after 30

minutes. Pollen sterility wbb ©stimatc^fl "by countiiig th©

fertile m& sterile poll01*1 ga^aiins sspas'atsly fro® 30 .

mioroacopie fi@lSe, well filled eml deeply .gtfdned
\

poll.ea grains were elesslfieA ss fertile ©nd sliriinkiGn
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m.

ena mstaiaei oae© as peillea* Sterility foap eseli

liii© was ©alouls'tefi. . . ^

C^) SjgQ

fii© size ©f tli@ -pollen was i®t@i«lfieS fejr mes^uriag

tti® «lafte-l;@f. ef 100 f^rtil© grsiae ®ss

meamirei ia aieroii© C.i|) fer earn liJie? ttetef a standarfl
dfiiiias' iiic^resete^e

12., g.taiiea

Cs) Big-terltetiea of g-fjeiaete

4-®^sifie ef" 10 lecsFfp was eolle^tei s-fe'fsaio® frote

mQh. line. fte. tissue ttm m©'lower suvfae© pealei

off eai 'StailiieS «?im ©afraiiii-. fee fx'©-

^u©ii©y of afeiasats p@.y «mit rnTm-wm ietex'siineS Ijy

eoimtiag tMir niM'bas' firsa j® iiieTOBeopi© iielte ®t

raaflom for li8@«

(l>) Sia© Qf atoamta

fti© leagtli aai wiitH ©f @5 I'saioia.r selected

pi'otiata w6i?e !i©a©ia3''#fi iia®? Haing's. stsBflarcllsefi

©mXai? iiief0Bi©ter®

Ml tlie aboT© iMmeMfsWB were studiea
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aepafatelgr tov ihe confixwed poljrplolfls and compared witli

thoe© of diplQitis#

Grbolog:ioal o"baea*Tmtloiig

Siispeeted poljploicl® woro laerls^d oii the basis of

tlieis? gigss0 aharaotoj^ pee«Xif33? "feo polyploifis as well as

the morphological atoosKHellties like crijsk3.isg of leave®.,

^ark pi^eiitmtion of leairea Besldlos, tea plants

were ©©leetijid ss s^apeoted pol^iioiSs t)asod on the stati-

S'bieel ©aalyais for the morphological character©. -

Xnftirf^iaa (1967) fix<?a tfie ®orp1aoXog1.cal ©liarsaters

like incysaeed height of pimtg umber of flowers,

number of fraito yield plant fos' polsmloid types.

In th^ ^feaent stwdy tlie plaots f/lilela fell, ofer sini

sboD^e the coisfideace limits fot -the above elieA'Ectere foa?

. the tlipioido omt as a^^specteS polyploids.

sai© flowed bwds of ^propriBte ©la© f3?offi tbese

suapected poiyploid plants as ?/©!! as from coEtyol pl?ats

mm fixed in 1s3 ec@tie .alcohol♦ ffee fixation waa doae

f«M 9.30 to 10.30 a.m. for 6 hours, Aft©r fi:H:atioa, ,•

tho material v^as stos'ed in TO p©r cont alcohol. Sontie

•teppisLg end audiaious wsnning favoua^od excollent spreed-
iftg: .aad ^difforeirbliO. staining a£ th© elix-omoaomos in the
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fSi©' etifososdsie iiw.'fed'.f th^tw

t)©liavi©u®' ©y.©li -s® abnowsS-itie© ©r ifregBlsfi 6i©s ia

aeiotie Defea^ietar wer© gtuiiei M iipl^iQa mA
pmUA poliwlQMB ®a til© atsges were pMtogmpfeea.

B-fes'tiie-fel erA, woeeitire.

fit® mo^mUA ists p#3?t&:laiiig to tM© iiffereifl

elia^s©tei?a. mflei*- iiwestiga-feioa wei-® stt'b^e-etea ©ijaM-

ptie,^ fiatlysls#
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rx.

HKPSM:ME!I!DAX RlSULfS

ch^-a^etafs of -plants in Og

Seeds olitain©a from me 29 fruit© wore ©own

sepai-stelj anS th© percentages -O'i gc^s^instion in eaela lia©

wtm reeora^a. Ttie uorphologieal oharact©3\g of "fch© plants

r®i3<5d from theBO lines were s3.eo s'fejdieS. ©herac-'

tors studlea w©re heiglit ©f plsnt, sprr^afi of linnt, mmbm^

of "brsiichea, tim© talcen for flowering, niMbes? of flowers,

percentage of fruit eet, nismber of fruita produeefi, yi©!^
of fruits, sis© ana sterility of pollen grains, aistriM^

tioa of stomata and weiglit. of eooa©.

Percentage of -ee©a ^eiiaination

Th© fist^ on til© perceatsge of gej^iinstion of 9©©S©

in 29 fruits obtainefi from tli© •generation er© preeen-

tea ia fs1>l© 1 Sbere existefl d. VJifl© rang© of

variation .in tU© pe^eentage of germination® seeds from

fniita 11, 14, 15, I7j 23 ani 24 sliow^a 100 per cent

i gersBination, fhe lainifflura gerajination ww noticp.a in tho
cfiBB of aeetls obtained from line 22 (20 p©r cent).
GonaiaatiGn in control 90«0S per cent, Tli© grapMcal
representation for th& percental©, of aeefi gersiination ifi
giiron in fig* 1«f
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Line No,

faMe . 1 B

Pereen-fegge of g.esjiinstioa

Peroeatag© of
geminaMen

1 84.OD - ' 16 40.00

2 81.10 17 100,00

3 92.30 18 27.30

4 67.70 19 83.30

5 84.20 20 22.20

6 80,00 21 78.60

7 84.60 22 20,00

8 86.70 23 100,00

9 73.70 24 100,00

n 56.30 25 80,00

11 100.00 26 88.90

12 70,60 37 87,50

13 §8,90 28 25.00

14 100.00 29 71.40

15 100,00 0 90.06
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•• LiDR^

Eate gf

Seraiinmtioa of sctefl® etartei feo® tli© fifth fia,y

of soG^iag in water in coatrol a® well as :Lii moat of the

seefis ofeteliiefi from tlm 0^ gsass^ata-ois. Se

fryits It, 26 snd 29 ehowefi ooBsiderable <i

netioni Sh© ^ata oe the rate of g^miusti

are pipeseateS in t

Heiglit of iJlenta

The tlata on tfee filial height of pis

B% Jaswest !?.r© given in faMe 2 mA th© m

va:fimcG ia Appenfiix I. 5?lie F ratio vm^ .Ifemifl to •b<s

8i@i4.ficent. Plsnts fro® tlte lines 2s 3,

w©i-e sigaificsRtlj talles* fro® tto.® eontro

plfmt^ in tlie lines 1. ana 4 sho-wefl, a ei-gnifioaat reduo-

tion in. h,©i^t. ThQ mom pla^it height for different

lines va3?ie(l fs'om 75.75 » to 94»67 cm#

ST>y0ai of 131ants

the data oa the epi'eaft of pl^ts er© pynsentea iii

&Me 2, froHi tlie r^ouXts it will lie iac'in that in lines

1, 2, 3 a»a 7? tfe© sprc^aa of plsait© \¥gia s igiiifioently

woi^e -lltaii th© cont3?ol. Tho mesn apyoad J'of tlie varioiis

lines ifross 56«75 cii (litt© 10) to 68,14 g® (liii© 3)#

—'.>
•g ^•: >

sfls from the

»iay in gsriTd~

Ml Qt 00eds

nta reaorfi©tl

slysis of

5t 6 f 1 sjia 8

, plgnts, vMIq.
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Liae kept
Ho. foi?

genai-
npj^ion

1 b

Hate of ©©ei geyisiaaldoa

of settls gemiasteS ©verj 24 3a.o«rs T©«
^—- m, of

5til 6tii 7tli 8tfe 9th 10th nth 12tli 13tli 14th t5th 16th J®f^f
a©.y day &bj ^siJ . day ^sy a^y day

1 2f 4 2 3 2 1 3 3 1 2 21

2 37 8 11 •2 2 2 • • '•• 30

3 2«. 3 4 5 4 2 1 2 1 • S4

4 3t 3 3 10 4 .» « • 21

5 19 , 5 5 a 3 1 # • « • 16

6 25 5 4 4 1 4 1 1 « • 20

7 13 • • 1 t 3 2 2 2 • 11

S 15 1 4 4 2 2 '9' • ti

9 It •' 3 5 6 • •' « • • 14

10 16 • 2 3 1 1 1 1 # • 9

11 13 . 8 3 1 1 • • »• 6 • 13

/ ) ,-tv



V

y :U
•i-

\

12 17 4 5 2 1 • • # 12

13 39 6 3 9 1 1 • 23

14 16 2 6 1 •
• 12

15 4 " 2 1 1 • • • •

i-

4

16 5 •- • • ♦

-

•' 2

17 11 • • 3 1 2 2 2 1 11

18 n • • 1 1 o # • 3

19 1:2 • •' • # 1 1 9 • • 10

20 .9 • • • 1 . 1, • • • 2

21 14 2 2 1 • « « • m 11

22 • 20 • • 1 1 1 1 • # • « • M 4

23 .9 • 2 1 1 1 « • # • • 9

24 8 • 1 6 1 • • 8

25 10 • 2 1 1 1 1 1 ' 1 e • • • 8

26 9 • • * • ♦ . • ' 1 3 1 1 2 8

27 8 • • 1 1 • ♦ • • o 7

28 • 32 • o 1 1 1 1 e • « 8

29 7 ♦ • • • • • • 1 2 1 • 1- 5

C 170 70 27 33 8 6 4 6 • • • • <» 154
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TaWLQ 2

Heightf spresfi and nxmbBT of byaiiobes

Line Ro»
lean

' height
(cm)

Mean
sproafl
(cm)

Mean RiJm'ber
of l^'jpanchGs

1 80.08 67.77 151.89

2 82.04 65.41 292.89

3 • 83.64 68.14 124.: 29

4 75.75 61.00 123.25

5 86.52 57.80 109.93

6 83.05 59.72 366.-80

1 94.67. 67.37 104i88

8 92.32 61.62 113<;56

9 81.20 57.50 115,'54'•

10 81.20 56,75 • 10.2^75

0 81.48 62,20 159.88
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> Hw'bei? ©f tetfieli-Qg

fli© ista ott the M©sa aamfeer of b^anelt©® of pltnta

^ ia fh©'iiffea?©!!-! linm are givea in ^abl©, 2. It will m

a^m tmm flie traMe that th® plants to line© 2 6

:pos§ii@eeS .sitiii.fiesmia,y a©3?0 of tim ,

mnttol^ #ji©ttg *liMe lines tfe© ®e©a iimBer ©f
T TjS'gii'Olies wg0 laaxiiim f©i? liii® 6 (366,80) eiii iiiaimtii tow

lia# 10 Cl02eT5)# -Si© awljer of Issnelies- reeort-gfl iis

•• • coal-TOl wms' 159>8S. ' Mfilysls of Tsrimee foi' •&©
I

of hrmohMS i@ girm In Appmfiias III,

• " gjite tmm for flQweyin^

m© tleta OB th© tia© taii©a for flowering

.f»ora. th§ iat© ©£ complete ge»iaa-6ios of ^©eii a» fi^os-ea-

tea ia SsM© 3», 'flJ© saelysis ©f wrianee ehowfa tlmt

f ya'feio was not sigalfio^t, tti© fiisys 'feateea for flowerling

ia ilffer©'S'li lia« raagefi fTOS 55.ia Xia© t to 69 ia

lin© 9« flw time tslsen fov fiy©% flmmTing fey tfe© eomtTOl

pl®3-fe^ mm 64 iays.

SlM"b6r- :i..'Qf fl#W03?9

-5,

flie is'te ia fabl© 3 repftsents 'fsh© iseaa -iiiim'b©!' of

tlmrnvm pr0S«€?©d "fes'' tti© pleats ia iJ..ff©3*eftt IIbqSj wlii^
irai-iei tmm 182.56 t© 331•60. fM laesclsm aower



fa'blQ 3 •

fisie t^ea £w Hmmring miA maffiteef &£ :Clow©i*e

Mm No 9 ^
fiae tateea
foa? floweidtig

M&m mmher .
of flQwom •.

1 55.00 182.56

2 ' 56.00 • 331.00

3- 63.00 , 234.86

-4 ' 6i.oo • 274.18

5- 61.. 00 • 208.10

6 63^00 " 263.06

7 58,O0^ " 299. S9

• a ' 61.00 gsa.ts

9 69^00 S7§.28

10 fit. 00 g15ef1

Q 64# 00- Z5^,m
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Tabl© 5

Kuml3©2' sna sise of fruits

Mn© Ho.
Mem aiMl3©3f

of fruits

Beait leng'feli
of fruits

(®)

giT'^h

im)

1 144.11 4,40 3.89

2 122.11 4,28 • 3.92

3 136.86 4,54 , = 4.17

4 118,70 3.95 ^•3.44

5 132.40 3.72 3.86

6 136,00 3.58 3.28

7 121.37 3., 42 3.98

8 134.73 4.03 • 3.92

9 101.54 3e95 3.64

10 206.83 ' 3.72 3.47

0 123.52 ^ 3.89 3.30
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VELLf.V-Nl
- - I" 'J U, « -V.J
V jj'
•'•VVp % ^ s"^"

•• 't •••

Tmhl© 6

Area of l©sv©®

Lino No. Megii Brsa (ia Sq. as)

1 208.56

2 126,78

3 140.75

4 137.77

5 • 15S.29

6 122.40

1 168.99

8 l6lo2g

9 158,3©

10 127.67

0 144o44
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fable 7

?ollm stability size

Ma© I@.
P©x*cieatg!g© of

sterili%

Mean fiiametei' of
polles grain®

(in If)

1 30,10 14.58 ^ 0.81

. 2 21.75 13.94 - 0.68

3- 24.• 16.68 i" 2,44

4 28.62 ' 13*02 ^ 5.12

- 5 30.26 17.09 ^ 1.63

, 6 • 29.83 13.0t ~ 7.86

7 3t.50 15.32 i 1.49

, S 37.42 13.56 - 1.36

. 9 35.28 • 13.42^13.15

10 35.3a 15.57 ^ 1.36

a 30.33 9.36 i 0.95
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WQiglitt of aeeds

^he data presented in fabl© 9 repreamts the me^

weight of 1000 seefl® obtained frois different lines.

Aaslysis of variano® .for th© data is given in Appendix XII,

^he F ratio is net si@iifi©@itf inaicEting that Og lia,e@

fiifi sot show sigaifieant tliffereaee f^om the eouttrolc ,

HoweveiP all th© peljojloiil linos ehowei a tG-ji^esicsjr for

higher seed weight than th© cont.foX. fli© weight of 10D0

seeds ia control was 3.56 g,

MarahiOlGgioal al)aQimaIiti©e

Of th© 236 plsiitB i'eiaed in tli© Og generation

©©3?taia plants eshiMtefi moajpholo^cal ateos'si^itiee lilse

stuatefl growth ant pi@amtetiom of tho folis^© ani

eriakling of leaves. 32 plants ©howefi orijald.ing ot tli©

l©aT@s, la 2 plant® tli© laavos hmt iryegiaXsp? ®srgias»
/

It wa0 &ilm observea, that one vltmt poeees.sed Mlofe©fl

leaver.

Heteyo^eneity ©f tho 0^ T>QT}ulailGa

She on the 'height epreai ©f plsjits,

amines' of fl0we3?s fs?uits said vmlght of finkits mm
p

sm"b;je-ct©a to X aaal^^is ia orier to test •the heterogeneity

of th© matGrial ueea for rsisiiig the ©2 population. It



•X

Isia© io.

1

'2

3

4

5-

6

7

8

9

10

c

fgible 9

WeigM of 6©6(1©

Weight of 1000 aeeds
(itt 0)

4.35

3.81

4.3?

4.33

5.53

4.96

6.58

9,02

6,60

6,26

3.56
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••y fomM that th© popyJ-atioa w&s Mgliljr 3iet@rog©ao-ag,

^he Taluea fo^ all the five cJiarsotera maljeefi \^ej?©

foiand to "b© Mgfelj signifiGant. fli© 2^ snaJ-^sis ia given •
in Appmdix XIT.

XgdiatiQR of eiaBpeoted nolyoloiggs bgiaed on

cliaraetere

$he^ gstadi©^ on the mos'pliologS.cal ohsraeters (irid©

fa'&l©a 1 t© 9) sitowei that thor© existed a wifle range of

vai^'istion in th© plants betweoa tlie fiiffes'eiit line©, fh®

. plants #ilsh ©xhibitecl e^.aI'sct©rs Ilk© i!ici'oas©a h.olgk%

(VlBbB 1$ '2) mszisim spreads (Plate 3, 4) mere ii\Mb©r of

'bvmdlimi aumfeer of flowei-Ss fn^its and inoTome^

yieia wei'e- raar.k©cl^ out statistiGall^®, baeed on the eonfiienc©
% • •

liRiltB tixQd for iiploids. Plesrte whloli fell over md above

the confidence limi'-s were marksd as po2.;j?pl&iSs, ffiiirtaen

plaJits were tlma marked out. Tferee of thmi fjere fomii to

b© tiiploitis an^ the remaialng ten td be poljploidB obi

oytoXogiGal anal.ysis. ?l3.e fista perta3.iiing to the above

cliaraot63?0 of tfees© ten pl^ts ai"© g3.vea in fable 10# Othei»

'clisrBeterB sisoh as tim© tai«en''for flowering, pereentsge of

frulta setj siae of fruits, area of leavea md thiolmess

of l©f3,ves of tJie I'espective plants sse elso given iM

5able 10. Sable 11 contains sterility md eise of poll ©a

grains sa.i febl© 12 contains Sistxlbatiosi safi siia© of



fable 10. lorpliologicel

Plaa-bH
no.

Height
of

plmt®
(C5Sl)

Sproai
"of

plants'
(®)

No. of
br?mch©®

Sim©

for •
fl©we3F"

im

Wo. of
flowers

Ifo. of
fimite

32 . 102.20 88.00 148 61 380 188

34 103.60 71.00 124 65 , • 368 161

61 99.40 78.00 202 47 304 163

84 105.00 68,00 140 57 331 176

134 ,88.20 67.00 150 51 312 189

135 100.80 75.00 165 64 333 196

187 107.80 70.00 128 69 326 147

197 98.56 67o00 126 70 296 158

201 89.88 74.00 152 49 302 152

236 106.12 69.00 110 72 290 141

Oontrol 29.10 61,80 160 64 256 124

Pol3o?loifi pljsnts wer© iaRX»k©a out



Bigs© of frwl-te ' - „ « . « ,
(in inoh) of Yi©14 ot Area of ThicknesB ofleaves leaves (in -d)

set \in b) {-m Sq,m) "Ii^agtJi G%v%h

1.15 ,1.07 49.47 229'. 82 100.23 1.33 - 0.27

1.23 1.15 43.75 186.60 103.43 1,43 ± 0.29

1.10 1.23 53.62 153.60 84.23 3.04 - 0,61

1,02 1.00 53.17 204.75 93.34 1.36 ~ 0,27

1.59 1.41 60.57 180.83 95.46 2.33 - 0.47

2. GO 1«05 58.85 197.10 103.43 4o07 - 0.82

1.80 1.84 45.09 168.40 100,22 3.66 i 0,73

1.01

/

0,97 53.37 157«35 92.69 1,00 - 0.20

1.44 1.56 50.33 150.4S , 100,99 4. 34 * 0,87

V34 0,88 48,62 140.90 87.38 2.33 - 0,47

1.39 1.18 48.21 . 128.88 84.93 0.98 i 0,20

s ta'tls'feics^l.y sin? ooiiflMsfi oytologiGsXly



•4^

11

ferlatj-oii in poXlea sterility snS polXeo. .sis©

amoflg tli0 pol;ypIoifl®

Plant l^ollai
No. (i^

•pollea slse
(la 4)

32 44.18 13.69 i 1.36

34. 42,00 21,15 ^ 2,16

61 41*29 ' ' 18«44 - 1^89

84 27,76 14.24 1.36

134 m,2B 13#42-1.36

135 35^3© 24.81 ± 2.44

18? 3S*99 12,38 i 1,22

197 44.95 19.53 ~ 1.89

201 27,4t 16,95 ^ 1.76

236 55.49 13.29 ^ 1*36

GoniTOl 30r07 9,36 ^ 0.95

lotes iPolyploiS pleiits xsetfB iSfS'Icefl out s'fcatistri.eall^'
aJiQ eoafis*iB©a cytologS-celly



faMe 12

Yaristion in tlie aists-ibution aiS sia© of stosiat©

^liojig feh© polyploitle

Plant
No.

Frequenosr
of st©B2sta/
wilt srea

Sis© of stomst® (ia i^)

Me^ length Meaa widtii

32 5.34 26.58 ^ 0.27 11.12 i 2,17

34 4.33 21.15 - 2c17 1.08 ± 2.17

61 8.46 13.69 ^ 1.36 . 5.02 i 1.89

84 4.83 26«58 i: 0,27 10.71 ^ 2.17

134 7.16 17.89 i 1.76 13.15 - 2.58

135 8.34 19.79 " 3.93 9.89 i 2.03

187 4,23 18,03 i 3.66 • 10.17 ^ 2.03

197 5.93 16,14 ^ 3.25 12.07 - 2.44

201 7.16 28.48 ^ 5.69 11.53 » 2,31

236 6.86 •31.05 ^ S.24 15.32 i 3.12

Control 9.97 25^22 ^ 5.02 13.42 i 2.71

Hot©: Pol3r}>loifl plants wQre, lasrkefi out stslJlstically
atitl eoiifirmefl cytolog-ics^ly •
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stouata of these plants. In tli© polypXoid plants th©

leaires were tMckcr them 1;h.e diplolds (Plate.5)-, Rie aise

of the storas'fea woa slso larger in th© palyplold typea

. which resulted in tk© flietribiition of lesss 'nmber of

stoiHsta por unit sres (Plate 6)c The fruit sis© in tli©

polyploids WBB BmfsXler when CDiuperea to' that of' aiploia®

(PlEite 7)» However the seefia were bigger in aize (Plat© 8),

Bstaile of c,ytologiG{^ sm^yoie of thss above plaata sr©

glirea sepm\at©ly (-ride Tahle 16>.

leQlation of suspeQi-ed polyialoiela based 013, aorphologioaS.

abiioraalitiea

la the Og generation certein plants showed extrm©

atoos'malitios ouch iis orinkliftg and lobing of leaves9

flsrteer pigTsentstion of the folingc? and stmited growth-,

Suoh x)lg«its were sepsTBtely st-ucliecl mi&- the dat© for their

ffiorpholog3.Gal oharsctersj fruit ©et, yield, area of loaves

anrl thickness of leaves were given in Table 13, poll©a

sfeerility gsiS sis@ iii feble 14 slid distribution eis® of

storaata ill !D{able 15.

Prom the tables it will b© ©©en that the plants

wMeh ®2£hibit©cl BbnorKa3.ities showed inoreasefl pollen eis©,

•5^- inicreast©^ leaf areaj, less nttaiber of ©tomate por «nit area,

increased storaatal length and iiicreased thickness of



IfeblG 13. MorpJioXegioal

Plenty
lOi

Height
of

vX&ltB
'"{&)•

Spread
of

pleats
(cm)

I04 of
"brmches

Tim©
tsacen
for

• flower
ing

lo... of
flOW©3.'g

Ho,, ©f
fruits

15 112.00 34.00 35.00 57 78 15

16 95.20 32.00 40.00 57 180 too

25, 82.60 41.00 . 128.00 . 59- 413 336

. 35 85.40 . 71.00 139.00 65 485 240

65' 105.00 50.00 . 95.00 51 305 217

86 , 69.72 60.00 , 118.00 76 •219 137

116 111.00 61.00 80.00 , 56 . 48 20

140 85.40 68.00 12&,00 , 64 • 228 140

•142 92.40 36.00 , 52.00 . sa 103 83

146 109.20 .. 45.00 162.00 71 379 217

153 84.00 , 40.00 9S.OO 65 197 145

169 120.40 , 68.00 86.00 75 • 265 216

180 106.40 32.00 46.00 77 . 85 75

213 75.60 50.00 118.00 73 627 366

Goai*rd3L 29.10 61.80 160.00 64 256 124

Not©;. Plants ahowlng aMoraipJities wer©
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A

variatioas stiong the

Sis© of fsmite
(in inch)

Lmgtli

^ of Yi©ld of Atqb. of
finalt plants . lesves
eat (in g) • (la Sq^csa)

IMekness of
leiaves (in ti)

1.88 1.08 19.07 20.52 103.64 17.89
+

3.53

0.97 1.06 55.56 98.30 95.34 20.75 t 4.20

0.99 1.05 8i«3S 33.70 • 92.66 15.73 4.34

1-83 1.50 49.48 200.40 100.73 18,03 3.66

1.10 1.,55 71.14 220.9P 104.24 '29.43 + 5.83

1.55 1.52 62,55 141.30 86.34 18.58 3.66

1.34 1.00 41.66 25.00 65.31 ' 28.88 5.83

0.99 0.87 61.40 140.40 93«43 35.79 7.19

0.87 1.34 80.58 85.70 106.34 41.90
j.

0.41

1.33 0.34 61.51 289.30 101.56 43.66 8.68

1.34 1.23 73.-61 , ,146.00 •95.55 26.85 5.29

1.24 1.03 81.51 220,00 99.53 27.53
4>

4a» 5.56

:i.ii 1.02 88.23 13.90 104.63 28.61 +
5.69

1.34 0.56 50o41 -369.90 116.53. ' 13.97 2.98

1.39 1.18 48.21 128.88 84.93 13.29
+

2.71

Qonfir/se# ©jlsologic^-ly s® polyploiilg
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Sable 14

Variation ia poll©a aterillt^ eafl pollen size

^oRg plents BhowiEg abnormel cbsractere

Plemt
Pellen

stc.id.Xity
{in f)

Pollen slse
(ia

n 49.07 SO.75 ^ 2.03

n 34.77 14.10 t 1,37

2f 35.47 13.02 ^ 0.95.

35 35.24 7.86 ^ 0.81

65 55.50 18,31 » 1.76

86 30.56 •14.37 i 1.4t-

116 35.46 43.79 » 4.34

140 39.60 12,61 ^1.22.

142 33.36 19.53 ~ t»B9

146 73.09 17.49 - 1.76-

153 53-21 20.61 ^ -2.03

169 49.50 16.68 1e53

180 47.56 14.64 - 1.49

211 • 45.35 25.49 ~ 2.50

ed*it.TOi 3G.07 9.36 ± 0,95

Hotes plaal;® shoviing abnox^r?l.iti©s were
confii^fiefi eytologicslly as polyploa^ss.
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Variation in the aistrifeutlon and size of stoia&tis,

mong tlie plants shoifing almorsisl oharaoters

Piaat
im.

15

16

25

35

65

86

116

140

142

146

153

169

180

213

Oontsol

Frequency
of alsoiijai"®/
unit,area

6.03

7.46

8,53

8.44

5.76

7.46

5.34

9.76

6.43

6.26

6.44

7.76

7.34

6.63

9.97

Sise of stomata (in

Moan l©i5gth Mem wiam

17.76 i 3.53

19.39 « 3.93
/•

24-41 - 4.88

11.12 i 2.17

26.04 ^ 5.15

29.56 ^ 5.97

2So98 a 5.29

27.12 t 5.42

•26.85 ^ 5.29

33.09 i 8.00

28.75 i 5.83

13.42 - 2.58

12.61 ^ 2.58

24«00 i 4.75

25.22 i 5.02

9.35

11.39

12.61

11.12

13.42

11.25

10.17

11.79

9.89

10.17

11.25

13.02

10.58

12.61

13.42

t t.89

i.2.31

t 2.58

t 2.17

t 2«58

t 2.31

t 2.03

^ 1.63

t 2.31

t 2.03

t 2.31

t 2«58

t 2.17

t 2.58

i 2.71

Not©! •Plsats 8lio\i9iiie abnormB3.iii.es wes^e eonfirmefi
cytologica3.1y ss



X.

5©

leases. However with respcet to heiglst m& spre®a thes©

plsjits sliowed veriations. Bi©S6 plssts were o^rtalogieallsr
examinea ana the coacliwioa® a.©rivea are presented
SQparatsljr (vide feble 16),

\

Qytolo^io^ oteervations te. tliQ .su8T>©0tea .T>QlSgMMg.

Qu^ Of the 236 plentE4 of the Gg generation 24 plant©
wliieh in genoral, mhlhitml ^sm pl^t clisrscter© snxl
raorphologio^ afonomalitiess as fslresfly mentioneaj wer©
auspected to be pol^yploids. Stoaies on pollen sna storaata
w©r© also used as criteria to oonfirHi the -pol^loia iifrbare

o:f the above plsnte. 2he hehaviour of ohroraosoiaes of

these 24 suspected poJ^yploicIs at rsieioeis was studied.
Oytologlosl stuaie.9 ef the fiiploid©^ whieh were ueefi as
control, ^so.vjere eon^.uctefl®

A ietailed saalysi© of the eytologies^ olsservstione

of some out of the 24 enspeoted polsroloiSs m-e presented
in $ahla 16.

$he ohrosiesome nwhei? of these polyp3-oi^s were
I

fennel to he 2n « 48,, as they form 24 hivelent® at

diaisinesia the ehrofiiosome nnraher of the diploxils

2n a 24 as thsy torn 12 bivalmte ©t aijakinesis. Bven

though regular hivalents at diokinesis and n©w.eX tetrscis
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15

25

86

135

Tabl© 16

Oytologlcel observetioisfj in polyploid plmits

M©i<Ds:ls I

Biak5.ti#0i© M©tsplias© .1 AnsplJsee I

24 IIs
•im®'??© 9)

22 XIs
f xt

24 Xle

24 4- 24

24 + 24

24 + 24
(m@t0 11)

24 4 24

>'

• • Ifeiosis II

ilaspliase II, I'elop.lias© II

4 groups of
obro®ox«®©fi

4 groups of
cb3?Gmos0mes

4- gs^oupB of
cbrossosose®

4 gTOUpB of
chroffloaomos

te-traSji

nomal
tetraas

(Plate 10)

mmi^
tetrma

liofiffial.
tetr^da

llantdi^fCli ties
resordeS

2 l0,ggsrQs in ©n©
e©ll mt €4i!i,aplis3e I

3 mi 5 groupB of
clTr0f3oso®es were
©l!S©w<;!a at snapiiase II
ill 4 out of 13 c©lls.
MtiltiTaieats
note# in 2 ce3.1©

A chmmt3.-tin hridg© -was
fomd la 0n& coll at
saaplias©. (Plmt© 12)
fhe •mamfeer of legging
shromosose i^angos from -
1. •«* 5- 3 5 growp©
of Giiromosoniee wei'e
also ol3a0rv€5d
talop'feas© II.
(Plat© 13, 14).

Miiltival'eats weTO.
notieeci in 4 eells,
1-9 InggarSs wore
aonml in ©n© sell

•.W'
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were at teleptes®', iapre^lsrl-tie®" la'

•fell© ©li.»®oe0fH©' 'b©Ii.ai!^©uje"' •aii.e'fi fomstioa't

lagga^s ani tamy tAoph^i^

e^astin %3Piag00 w^re ©M©r^«i. ®iiis tl@

sliowed' esfieiiera'blsr i©gre® ©f a'bermtleas wi-tit

•to eto®®0&©s0 baJiavietM? wfeiA is ©Tlfieut ff©® "

16,.,

fli® i»epi^©©®a%fsti©tt fef .*6111© irsx'tmw

of tii© 'folyiiloii® US'# givm'in

^figuMS 2 a 'lo, 12.:•
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DISCUgSXOH

0'lnady w&b ®sinlj confines to th© geaeraL

morphological features of tke Gg poptilation aafl the

detailed o^tologiceJ. snslysi© of th© s«spect©a polSfpXoicla.

Slie plfmts in the Cg generation exhibited wide moi-^ho-'
logical Tariation© ?vhid]i resulted in th© heterogeaoiis

aattur© of the popialation,

3?h© percentage of gwaination of soeds obtained

froK) til© plants irgngefl from 20 to 1G0 per eeat. In

the iiploifie 90..OS per cent seed gersnination was recoriei,

A p©3?C0ntege of seed gemination was seen in raeay

of tlie Og linee vMm cdmpBr©a with that of the diploitle<,
Such a Mgh geminability of tetrapleid K?eea8 Iik^vg "been

reported in sessmm (Kobayashi and Shimemura, 1942, 19495

srivs/rfeEYa, 1956) In oovohomB (Kmim ani Shamsa, 1946)

Slid ia black: gvm (S©a and Giiodaj 1958)« Howeirer, tlmvo

wor© lilies \'¥ith very low peroentsge of gei^mination..

PgCl ©t ^ (1941) x'ecoi'6©tl .reauGea g€KO[iiaatl.om perceiitsige

in polyploia chillies, fhe ssodsj in most of th© poly-

ploiS tj^©3 begaa gerrainstiiig from the 5th elay of soa^iagj

m in th© diploiSs. A Qelsy in gcsrsiinstion mm noticei

in ces^tein linos wMoh ©wggeat^ that more niasiber of
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mm toe oeema^iag in tlioee liiieSe $li© E'at®

of g@x®iiXBti@a of polyploii® wm G0Bi|sa3?aM.e wi'feli tlijat

©f tlpleifi see^s.

file figits ©n -fefe® lieiglitf ©treefi safi" aimfear ©f

^raaelies (Tstol© 2) &ho?/ea tlist tlie pleats ia tli© Cg lia@a

, ia g©a©r^ posseseefi gi*eat©r gfow'feii giaS Tigoiit, fMe

la0f©a®©^ TigQiai' ©f pleat® sight iifsre

fey th© o^eass'm©© ©f stir© aiMfeer ©f polypioiis ia th&

Og geaemtiofi. -la© (19449 1945) ia t©t»-
fldia 3at©, m&. Srivast^m '(1955) ia Begarfliia o^ieat^.© 1.

•^at tMe.Gg plamts wbtq ©Mraetej'i^efi W gigss
mtum*' Oa the-'Otlie^ hmil ZimmBmrn (1950) .repoi'tei

timt tli© t0tepl#ifis. ©f Mwm® gs»gsB@s ®©a*@

•TigOTOtia. nm mn& (195-8)^ alstt mvortm -the less

irig0f^0m@ aatiire of tli© Og Islssk gi?aia* - litl. refejpget to
"heigtit-sad spi?esa ®f there mm lia©s mhldh

BhQWB& iii^rees©® ©ni iecressei growths aox*© less

swley of byaacli©®^ thm the fli,© mmheV' ©f

tesacMeo iss ©.£'in islrJ.113.©® whQTo is

nil® e&mm'le pi'oittct.. But the inerois©^ ov daex^ess© ifi

$li0' aml)©r of ^SfaaeMee aaj ao'fe "be fomS in sewral oase®

pfop9i?tl©aa^© 'te "fell© Sliis ©^b b© Mgp2.^nefi bb
dti© 1>© %hB low fMllJ e@t aQtieed %n mmny easee«
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HeBaamJsm eM JosM (1941) ifeportet a r©aiaQti©a ia

fe©igli,t mfi lesgef mwber of ia tit© Og plante

in gieef h,- j wMl-© Mcslitiaj Smtos'iangnyM a»fi

Bmmiim-Uhm i 1963) oteerirei plaat ga?o®t}i ^4

of brsnelies ia "fell© Gg f©pi;3.a'fei©ii ©f

ploi'fl- •fe©rs©eii» Mettia" C196S) -©Miowed tteat tii© feeiglil}

©f plaafe ift til® Og popmlatios was c1ecs?@as@i ia &eailoi>®
sp@lt0i#.©s, -Qho^gumkm^ D©sh|3eac1^ Beolisf (1965>

1966, 1967) showea mm% in eMiaies th® Gg plrinte w^m

gigmMe Mifiag increased AM.o©w^is (1967)

TOportea i«#J«eea tiller m®tJ€sy in 3? '̂'® grg^e.

A. ielsy ia flew^riug hw ttoee t© fi^e asys mm

notieecS ia two ©f tli© Og 11-nee ^e!S|>e5?$a- to tlie- fiiploiis^

Saatlelpfe (1944)' M f®ai©a mii Ghims (1950} in

ArnrnTm^hm- Srivastam (1956), ia esasa©,

ipaso,l0vie (1956)? £w§,:r mi Ateali® C1942) ifi Fto©§liae

©teewei i©l@3reS flow©i?iag in tte -lie.tysiil.oias. In

i^©s|)@©'l of til© mabei' of fl©w©ra psfoStieei "bjr the

aiffgreat l.iBes Is. Og tlier© mm pXsatg.
wim hi^^'S m. vmlt aa lowQi* flower proamoMon. Hi^

floi?i©r pTOia©%i©a im pol^loiis toair© "beea rep^ftei hf

mA ^osM (1941) In. Siees- eri©tiiiw,.
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Huge (1957) fomil'lees amfeer of flot^ers ia frrnmria

veeea. In tlj© lines whie^ showed sigjalfioeatly liighe^

tlovwT profeetiOB (febl© 3) ©^^sic^t b© soii©lu,ded .

tlie evideae© at hmd. wiie^M©» it was fine ho tli© OQcwsTmrn

©•f m©i»e aii®fe©r of po3>.ipl@iis ia tlies© lines or Sm© to

otliej? fae-feis. m mi© wiatioE existed iE fli©

tlmBT pi-'eSiieljiQiij tli© fi'iilt set in ttie ©g populatiea on

tlie wli©1.0 WE§ i©w®i? thm .ttet ia tli.@ -iipleias. Oaa .

p©.i0iM© ©^lanation ie thi© p&Qs? fruit set noticed in-

finest •of -fell© polypl.oiis ia-tM Clg,geii#rEiti©a. flie oeenj^

TBnm 0f fiiffes'ent l©ir03.s of p©l,^loidj Amg ?jitli

iiploids sight hme sis© contrilsated towespds this diffe

rence la tlie fruit set. Low f«dt set in polj|?.loifi

plaat© }'!sv© heen reported seirars^ wsrteers.

Vm^tbmm'wWn^ aad ledsrmetli (1945) sad iCofes^aeiil ®lA

(1945) r^)OT%^M lomr frait setting in the

p©lyi>loii sesf^tjUs while Ko¥?i0g«aelmeid@r (1959) f^mnd

a© tllffereae© ia fmjif •eettiftg fr©m tlie diploitl® ia

t0Bato©s. iis tH© pereeaiiega of finait set low ©

^0r3?©spoftdiiiS S©e^e®se ia tlie- yielS wss '^00 noticed®,

fioffett saci iiioa (1960) repoftei sitiilax" findings ia

Acssel©. A lowe^ f»oit BOt ia not ^wsjs tlie ease in

polypleli®. listoijsm® (1950) fomii tlist tli©'tetfapleifi

gave MglmT jieli tM.aa the diploids." leeessai^ilsr
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tfe© eoatrilm-tory fBotor foy ^ieaa ia^r^aish i® the roots.

Sfee Cg liaes su.r}?g,ssea the csorrGBpoaaing aiploiis witla.
respect -feO' til,© weiglit of seeis, Higto- weight-iia
poljrploMs liav© l>©ea reported in. JllMSSll

(ia.i2g©, 1959) gQeeJ^Mi inaiCM (Iissigiiffjas 1952).

fhe !ao3?pliol©gicsl dhsj^e.o-j^ej's of polyploifie whieh

W0re cjytalogioall^ coafinued, show©^ coneiaerablp
vnrlaiJioa •(••Palsl© 10, 11) fa^om thB iiploia© is chm^aeter©-

like height} spreafij awmfeer of "brffinches, nm"b©T' of
flowoTBt number ©f frttitsg pci'cen'l'gge of fniit set,
yield eto. SuoH varif^tiona Mave h&m 3?eportea Ijy

• Perthaesmthy aad Keclarnatii (1945) in Se.m'nm {Inommml
height md more aisi"b@r of bs^onelae© eufi X©s&3 aiambes' of
c^psiiles) BMttacharde© (1956) in iM^IM oaJM (^-owai'
niMfeer of bTsnelieB)? Ea®anm3S?i m& Joshl (1941) ia
Cicfeg rn-ietinm -(liarg© amfeer of -po&B} Mebta ot ^
(1966) ia Trifoli^m foenusi-^rgQewa. (lower se©«l set),
fh© polyploids proauoed emallox' fruits wlim compar©^
to the aiploias, sen ana Ohecla (1958) obtsia©^ Bliort©:r
mm in the polyploias of Maek gs-gm. Singh (1955)
reportea roauced fruit aisae in Cg^ Profliietion
of smaller fraits in teti-spioia efeilliee was ^00
recorclefl "by iO-eksic (19S1)«
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. Slie polsploia. p3.aate ©slitM'fetefi ci Blowef gfowtli . .

rat© ia -fehe iaiti@i a*fcag©e aafi s yapiS gmm-b'h s^at© Istsi'

(•ffiga g). Sfcla oljseinratiott i.s is 8gjfe©»ent with tit©

©asiief fiaiinga e.f JenfS&l J»siiil laslssspmsli (1962), '

He-tfirdatlos.. of isiitial-g^owtli ©a pel^ploiae ikim.

o^seywi Ijar iia,ia C1,940) ia eot'lioai,

• Afs^t froE tlie gigs9 Qh&tBQtBVB ©sMtjitt^i -tli®

poljploii pl®a*Se tfeere \mm steos'tasa.i'lslea mtim&

la s©i?er^ ess©s In t!i© Gg g©n©fs'̂ ioa. plsalig

^@0 8©parat©lj ©indifei f»i Grt^logiosllsr aaals^aeS#. It

wm iateMeting %o not© tlisf plsnte ©xMbitM-iig e^it^en©

' &bis0ma3,i'tic?s tefpan^S *1© fe© polypioi^e. fMs laeeiis •

that lim iaereasei golyfjloia^r cm also flrf

©xpressicsa as a.1>morit^.ities in eliillies.

iwfeefi \9sr© initial'ags^ewtli, eriald-img ©f

l©s¥©s .0ifi isricef pigseiafatloa of tia© folisge^ SteljMiii

(1950), lisi »?®|?os^t©(l almottiali.ta,cie su©k m iwarfiag esii

w^iiiklei foli?3g© assooietefl ffith polyplel^. Sop^sics?islm®i

mi SliBSteF C1964) ala© flistlngaic5li©iS tetreploiie of

0:g.Tgs aiaetfgj.i©neis. oa 'liii.© bssi® ©f tlieis* is^fe gs:'e©a

foliage,

Pdlyploiij is usttallr a.es0s]p«aiefi gigas

etisraet©y0 » iiiea'tsasaei ^Igomrj larger leaf
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BTo&f m& isi.s©. (tfSSy-

roportea tliat.tlie pol^jioii oMlli©s esMteitei iaoyessei

plsat, Meiglits iacr©©s0fi Isaf ax'©®? fitosiatal 034#

pollen, sis©. SM Imi fiz©i tliese ehamoteps fof tli©

polyplold plsat®#'

In p^egeat fjirdifj. 1iie3?€5f02?@5 m sttesipt ?is^.

fflai® t© iselst© poljploii© "baesA mi *lte aboife no^pMolegi-

Qal e!asi:paet©M m it vmB aot pusei'bl© to a'im% all th©

plants iaiiviflnallj ©ytologilosl »et!i©is« Bas©i da

the eoafifieiiee liraits fixed t&T tl?.@ norpliologlc.t^ .

oIi®xae*fe©35's fo^ tise flipl©iis It' plants mve isolated sad

©Srtologiss^ studies shoi^ed tlsat 14 plsata thus isolated

wer© pols^loia©. flirae wsf© fesiai to be filfleifis.

aii6 Joshi Ct941) ^®o p1>s.e$n'-©ci tb© oeemireae©

of Siploli® l» tit© Og jjopttlatloii of t0tfapl0i.fi grm^

(Gimr fliie eoafiims tli© csa^lier finiliiags

•bKat ia eliilliee ;|)Gl,yplolflj i© ei:Ml)it©i % iBcr^asQi

ill faorfliologloal eh@a?aotex'S like plsftt heiglit

!3iiS •trigomr® la.pol^fplGiiy toyeeSiag iii.dMlliesg

tlt0i?©foi»©^ til© afeoye iio3?i3lSQlogiea3. elirj:'a«5ter'@

feel]?® "to &©l©.et tMs pol-s^^aloiis f» m lat'fe pcsptfLstioa.

' BuQli s'etlicjfis .lav© feeea gioptea "by Bgjnmmjaiii aM

JosM la selecting polyploifis of Gieer agietiaTO in the
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Gg generation. 1?al, Bfamanu^^i #oslii (1941) a3.80
•found 'feha'fe the pol^jsloisls of•(sMJ.lies-in the" Og gonera-

'tion were elisractei'leed bgr l&gOT etdraataj M^©r pollen

grain®j increaaeS tliiekness of leaves etc. la the •

pa^eesiit S'feiady elo© increased ^'bomatgl aad polleii sise

wQi'© r®©oi'fle§ in. p0ly;Dloifl'©. Sh© Bass© ©teervstioa ^bb

msfle by (Jeorgieva (1961) ia tli© tetrsploidei of Ga.psieuiii

Inoressei ©tomatel @iae in tlie po.l3?ploi<Ss wer© aotio^S

"by itobeysshi and BMraasm^a (1945)'la sesa®t3m. Awastrong

jsnfi Hobertson (I960) fomitl that tetraploid alsiice clovers

sm^jasseS tli© diploicle ia clisirae'lj^rsj like pollea dianieter,

Btoma sals© etc. I>iieag<li3flli,etia (1950) laotioofi lacreBsefl

sis© of pollen grsine in the polyploxQ riccj aeeillingSe

High pearoent^© of pollen oteriiity aotieei in the

case of E^.i the ednfiraieQ |30ly.pl0iias. Pal» HaRiaiujsn

Joshi rep05?t©a 30-90 per ccsit •pollm sterility ia

tetrsploiS clrlilies. Sirsilay obDex^vatioa ws® reported

bj Synau sni Shams (195S) in the tetysploifis of

gorchorus olitoriia©.

ill© polyploias %tk gmeroX ©howea wiae differeriees

in festttres suoh as eloper a?st©j time of

MoomiJig lee® feytili%' tfeti th© cliplold progenitoi'o

and m oiref^l ine^ease in b1z& of the vs^^ious orgm® as
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oteswei Tefioiis fM© oytoXog^ of

polyploiis "ilso Is g, mattes' ©f .wiie wj-ia-tsion, Mmw .

atesmsillties wbt^ aet.'Biitli ia th© »©l©ti© iiiripioa of

tfees© polfploiela wjsieli rosy to© tii© eeiise fas' low.seed set

iE c©rt®ia ©©.see. la tb©^ first tie ciiTisioa tim

iiaklaeeis was aowpj. ia mos'li eases» rf/bhotigli qtaairiyg,^

lent® ooossioiialXy set with* Psai-,

Jo.pM (1941:.) fcitiiii tiu:mArimlm-bB ®itl tlis ^'est

biir.sleate« ©lais'i'^alettt forragJioa was aotloeS to

mmw is ti&Jsiaasis 'fey lielilm^.s. aiia iPeMai C1940)?

SMsasw©. (1949® 1-9.52} in a©s®im6 sat

Siawsm i2B€ l©¥«aa Ct939) ia BneBVbmt* But tl© £«i|^mey

Qf !|®aiafi¥rfi©iite olaeerTCfi.,- ia tMss esse wbb. sacli, loss tfem

••l!wJ fiss x»©3?0.s'tea hw tlie timVB atithors,' $m m& Ohea®

(195®) S'epox'l^fl few ©a1^ ia Made grea. 01ii'OBatx.ii
M'tcige foimatioa fmm plso o'bsdX"?ea«

fiSifl C1941) o'b©ew©a oae etofflstia feriige a'l ^

an&plssse I. Qeoprresee of laggBi':fi@ ii®w- reportei ,1)^

Cl36f) ia tis© %©temfloiis ef Oem9#iem sai Islam (1i60)

ia Annote SflBSHS.' A® ®W as aine Igggsi'ds were QhBBrmd
- ill sons eeil's, Sfereej flT© bm& ©is teldpfessie g^oiaps of

olhiyo8K>®offl^0 wei?e also ©bsex"°Tefi. lusts^sfi oif aowsal fe©oi»®,6s«

iC^isl (1964) fciportecl tM'ee 1>u^ isclepemaaiit

fuaetionsil. groups at saapMs® ttm Suoh « S8Viati©a fro®
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e^. proMMf im© ;fo3?i8s'fei©a •;

©f -.laggsrt® at. maapliwe, ani -tM 4is.|mq-feipiii of

.Ifte f®m©S .at, iiaisin.©si0#,' felf may ®3..s&

%& itte ta-.tlie Is 1&© .f0s^@ti©s ot ©piadle

.wM0& ia tet«drf.

wai^ ®%n©yii®ll®es f^uad ia the ®®iotS.e -

ti^-sieii-0f tfe®• pol^loiis -em •B© te,

poi,l#a'®t©Mli% @Rt •prnmntrnm ai-l .

in, ii^ir of fM, ©ytelofieal

•©tafli©® of ^7 plmts ia!61.®"feei ;ft©» 'Gg

l3ga@a m ®GS'pholegi©a3L ©Immotei'S; ®lmo'2«-^i'fei©0-

slipwea thmi 24- mm I;®ii»apl9lc1@ -sii' three w^m iipioife#

ffei® gi"?©8 m mm$h wmBm.: t@.tliJ.nl that'ttoi.'.tg
^atida eoatslm i-®srg©r aimBii? It 0©epe

ttjerefo-re fossi'bl.a-iili®-! -fen©;.®.! tftmploifl fis®-a

®lsoploi4«- Swuli an'oeem-wescse of t©tefXoii@- -wkieli

mm letes» e^afiraei to -li# sSjE^ploiiaj, ^asefl ©a •'

fro.g§fty |}0,^JcJTfflaiioej % lammujap '

^oshi i 194-1) in ^mT jigietiataia* ' .,
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SSif stuSy mm «iitl©:rt.E^en i-a the Mvisioa

of Botsay, AgieiC8j3.ttt;fa3. College BcsesJfCii
witla. a ^i©w to, atMj tli©'morpliolo-^

gie^ vgs^ia'teoa® that existed ^ th© Gg generation of th©
CDlchiein© iaaueea tots'sploia eliillies. Detailed moyplio^

logUA studies of the pleats in genemtion oyto-
logical iiii-al^sis -of t^© suspoctet poljTploi^®

Goafluotefl.

fhe from the coAeMoiae •j.ndttc?5a poiyaloia

Ciiillies we^*© ovgt to the Gg gea©ratioa. Fro®

• th© ©yfelogife^ Cites-esifations, oa 8©l@cjt©S: laSlYiflw©!®
is tMe 0p popixlation, it wss tJaat thci-e oooixreed
24 tetrsploifis snd tlii^e© diploifle^ leaditag to the coaelu-
Bioa that the tetrsploia %mB .^ossiisl? &

Bm& of the imfliTiaiaals showed stuatei gs^wth ia

eerly ©tagee, Bmt-most mm fomd to h© &±gm in bIz^,
;

Ageneral InoTBrnQ is th©.vigour of morphologic^ chsrsr-
cter© sueli as height of platts, spreeta of plant®, number

of hrraiote m& ;yieia of fruits. mT^. fomcl ia all cs@©s
of polsrploifis. Howevor, abao3«as3.itic8 like dwsirfing,
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criald.ing and Seyk toliBV ©i^entation were ^0© netieed

with eertatn polyploids. TUi® aey b© the p©reiatlag

effect of coloMein© ia iaduciBg Qeformitiea iia the Og

geaefatioa aleo,.

on the msafphologicgl variations, plant

ateorsi^ities aaS etosat^ an® i30lleft Giiaa?Rotifefa, t7

.ple»ts'were Isolmtet"etaspeotea polsfploifis, ,A S.©tsi'l©d

©a the' eytelegy of tkos© tilmts wss <«>?iitiotQ&' ©afi

ottt of th® 27 euspecstcsa srol^^loias, 24 w©ra to have

48 ch:r©mQ,650ffi©f3 ggii. theae.we-t*® eonfiiaefi to be tets'aploiis.

M3. the meyphdlogiGeil eh^aet©r® wes'e studied for thesis

24 polyploids ssi(l it was foiiad that in general they

exceeded the aiploia® in th® over ^3. vigour of th©

plants-# fhoee plmit® were aleo fharscteri^efi by en

ifiareasedl-:pol3.m aterilit^ but fewer amber'

of stomstgu in general eecfi settiwf ©afi yield were fotmd

,t9 ba I©#-ia the -tetmploida.' possible^'.rol© of

^©lyplo.lQy br^eSiag in oMllies ha® been digiottfBefi.
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mn 30. Pl'r^i"* Abat.
igs 1144.

1952 Ar-fei.fieieX p0l2?ploife ia
seeesH®.

Jap. eTour. Genet. 223 29<

1964 OytelogjT of polyploia'
Artgffligia wlg&t^is.

4# .

PI, Br. Abst? 36J 871*

1942 A of c©loliieisae
iiKlueei- polyoloi^y iti
PSiaeeoltig•maisiiis L. •
3ote^0ni".* iJombey. 11s

^

1956 3'l3iiii©s' on -eslcsliioia©
iadiaeofi tetraploifis of
Corehorus olltoirius Xj.
Joiar.~InBiaa Bo'Cso c»
IfT'UTTf^S.

195? A ailo-liessploii
in #jrachis.
Cui*r. Sci, 26® 121«-22,

1964 Aatepolyploifis ia tlie ,
gmiis.

G^st. poloii* ,5! 116-17*.
®1966.

1938 Til© effeet of Golchieia#
on root fsitosi® in Mli'om.
Herafltag. 24s 471'-486«
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A.M*

»iiu©afiitttos

^Ma©lEOTl0, Mm%

Mehts,
Stt|>3msi6ay®ij E»H. and
SwaminstliaB, M»B.»

ti4t flsHf hwm^inB "b? ladKe^ioa
®f mi mm0
^©miits :is • ,

. 2is 240-46*

194© ^ •t@1i'3?apl©2.ie -©£ '
- . s©®M©s: .SesmiM iaglmim 1.

IMlSSli SI*

1967

1959

1907

ism

1959

1963

1965

'Gft&l0g|r. iatmeei
W:0©2©*hgm

0tslg€»nus. Raimannia.
?r:I: I,/

N CD..-

fte.©' 'mriftfioii ia, t»perlil@s
mi ehasfeeter© ©f tli©
•so"b.y -
.gmeiste. "291: tm^n* •
WiijiawiiNfcili II.•Ill-Bill S^SS'

4 -pr©a.ialii»y" aot# oa' tli@
cslifpmofimes' 6f -Qfeaotlem

lat BHFWTts

S©i€«_©©:# 'S5T"'"Wfr¥2«
IMIIII •iiiiMrtinriiiiim-i- _SKSg •

,pOl..;yf3,©S%' ia -
m® ©rys^». •• •,
g-Mkea -llliQ CMglQgic^
g0feg»it)' Js' 4̂3^f3Z

mm» ioi. s",0.s.i*

©a." iaitise4 lolf-*
ploifi® lia'fsi^© e^ops*

'Itti* Smr, tenet, ?1.*.
•lgieiT|f cpsHs-t::^* ' -

ul®li0 ©f Aegj.lo'P^

' A%B%. 17?2,
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ck.

Mels-ta? 1*1. ®rit
nvmrninrn'thm, M.S.

M©!ita,' l.K, 9
Jjaarsingli

fesh

^MitsmioJais S.

Ail®
mzotts K,i»

Mmtsiiigg A.

Mtmtaimgj l« laafi

^Mmtsiagf 4.
Py©^&eii9 1.

^Ofliaeoms, 1*G*

viii

196f l?mn ©ignt- BCTse®.
laiian Bag. 1| {€)i 4-5®

1966 lafltieea. poli^loMy in metlifa.
frlfQlliam-fpeatM-ngo »» -L.

's'aT. '"3'i C'̂

1966 Ga tlie oeeiirrene© ©f
ia artificirfly

liidticgfi t©ts'apl©ld g'teias
Of .giigafbeete ani ilie
©qtjili'bsi.i® iawlvefi*

[» Al?gt. 4572.
||3* ' '<?» 1955

19^0 Isifliieefi t©-bmploi% ia
Islgek wattle, Hort» Afoet«
|1s Wm, 2»3617~

1913 • S"femli©o ©a meiasis ia
and iTip3.oii

Soigaim tobggoetiffl,
Se'3?eQllasr~171~"l"23"245^

1939- I©te ea SGse eolelilciae
iaameefi pel^pleiSs.
Hereiitaa, 25s 491-95.
«..ii.>.>j»..liiin I«.iiii.iriii»ii...n. Jja^

194© fli© aofi© of eteoffioeome
pmiriag la twiaa
with 63 eteroaosoa©© sutl
its cy-fcogenetie osuseq^iioaeee,
Beyeflitaga 26s 463»501*

1965 M2ea iaosi>li©l©gy la
pol^slGifi '"ca.o¥eys aa a
^Mtex'ioa for their
r€i©o^iti©E.
m* By. Ats-is, 4235.
tlyteTe&TT^F 683-86.
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5©^^# Bd'B# •

i#s* »a
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♦ligM3r®m, X,
»ssiirgl, Kb

WfB% f#

R»®iii|aa, i. • isaa
Josliij J.tB(i

Liai Eea©ma*^lis S.

i:f49 li-ff@r©ae0S ia tfi© 'mlJ©
©f g^iesiiamtiOH hetmm ,
g©a©tleAlj ilffespait
fimt® m©m •tJtoe p3?og©aar .

• •At>at.. ||8: ;1950* ; .••

1fl8 e^t©l0gie^. aai.

•iEB*

1139 fte©- oytologle^' '
geBsti^ai si0.iifie^i®
e©l.©lsieia@*

• i^SE* SsSlil* §1'

tSS© • S'teiii©®'©&• »l5ifioi^. ;. -
p©3Lyp!L©.ifl' XII#

" •tfi¥©s1iiga.l!ioae oa Iti©
@ai 0.014 oi m

mtUBhk

1950 issariffleiitiip.
eatita itt Omm mUm».
M. @oiti$arisiE®f•
PfiKQipal •tt^tts© iS-' of
-laiwetiea. ' ' ' '

l®Si* H"

19|8 Imiiieei poly* •
1941 • t2.®4i^ Itt XI-

eMlli tOm&tmrn ymgpt L.)
Inflian Jour. m>

1945 • 'flie iwpfOTOKeat of Seei®im
ef0p "ia Isflia.

iSBE« -'iESl* •
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•Fa^tfeas®^st%9 H.
^Jaa,-s.e* •

*f®Lft@y, .I»K#

«Pi0»e $mmAm

*Fi09.as'©yf

^laafioiplif %.*W,

leniassoiii
A*

A»Bo'

|laffi^ti3®i,, S. m$

•V,- V

1i§l3 S"IMi©@ ©a -tlie fsptili'^
ef aiitatetmploids of
We'mmtm eoTOQgfi'ig.

1956

tm

Sttifiiea ®n ®!it©t@l5mploias,
@f limmi' (Mmm-
aeit&^a8iang« .S*)
TT'WwWrpe, M«?aiA« •
1|8 120-28, :

m%m >y ©♦
Bae-feiR '^w, ^loMeia® in
Agrl'oial'te®,. seilieiKet .
Mo3L©^ mA .
fh# l©wa Ooileg#

mm 9 'X©w&r f,s«"Aii

t955 fhe.sfrteg n •
eapliitlpioite.

!• iSSS^' '11® 27-SO#
' ' . ®

t93S 3©®e ®ff©©te of Mgli
t©mpe»s'5ttr4 ••#11
safi ©'tiller'Ts^i-aMena ia -

. sidsse#, • • ,

IF's^sal?^* ^
SS«3 ~ *

tmm -©©IcshioiK© tspoatfflgat.
2^S' 9?'̂ t08.t •

t94t 062.olil<^m@ itttteeet
ploMy Ib- crop • .

1* ®paffi S.)
Ittiiaa teH. S6i, lit

1942 m imtei'afeeaJio in
SGismiM. ••^S. orients© x
M* 2S2ES^S*
"Ssta. €urif. Bel. Jls
426-28: .
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•S. sand.
Joohi, A,B* , „

Htao, E:.a?,, ,
Sauyal, A,f. eai
Dutta, J,

^lamaauj®, S. bM
Doshmukh, M.J.

Rajsn, S.S, m&
I.E»

?*S.- emd
KesaTan,. P.G..

xi

.1944 cytog©a©ties of- m
iaiipMJip3.dia •ges;a'!iim
oa*i©iita3.e x S. Tj.rostatuffl,
Os,w-. Sex. 40^1.

1944 GoIcMcte© trGafeieat of J^2t©«
Sgi. cialt. f! 86-89.

1945 ColcMeine induoed poly-
Ijloiajr iji orop plants IXX.
Oleif^x'oiis brassieae*
ImU Jour. Genet. PI. Brewed.
fr-63^n7 •—~

1956 Seed tlevelopiii©n1j in
eolcMeine iEdiice-d atsfe*>
tetraploiia of Loflia.
Inilisn JoWo Gene'b. 16s

1963 ^ lacMoetl ©litotets'sploitls^ la
Ayaeliia Qurmenais.

Iiiisri3r*32^»2?r

EicsMiEris, H.H. m& 1940
Pftrsai, 3,1?,

fetsaploia Til iSmmmk
Qi-ioatale^ Ii.)
colslii^ne troatrflGnt,
Ourx*. Sei. 9 s 542,

*Bosira..el„ H, 1965

1939

Gsrtogenoties of a'utoteli.t'a^
ploii aiigm^beet' (3r|a"
ZElSSSiEs )
HElTTr^fetirBploia TOrleties.
ZuQhtev 35s 219~22.

1. eol..eMci!i© inSncGi tetris,-
•loidy in Suck wheat,
Faj^opyron t atari ciim)

3mT, 30s 271-72,
!



Ss^ai^9 S,

»Sen, l.K.

Bm, ir*K* aad
oii©dia, H,B«

Sen, H.K. end

M,mK* safi
Ewttaj P.Ii#

f.

*Shif^iss, 0,

sii

t957 Studies on the laaaetloa
^4 mtilizatioa of poly-
isloiiy in Bome eu^tty'bits*

• - iiSffi* -SSSMISi* 45-50.

1964 S'Sufiiee ota moi^liologioai
s®ii eytologSc^ behsriour
of au-t©tete^3.oifi S&yMiwa
vylffare aaQ i.t^ ftytoie®
mW^ hglepefiBQ.
fJa©si0 laagas Ui^y.- Uromb*

i$53 ColGlii^n© .inimoea "
floiSe 'o,S Vima slagmsia.
"IttaisH ^Quy. '""
iOI-1047" '

mB

1960

1957

1939

CtoleMolia® iijiueod
ploifla of five vailelJie®
0f maokgraEi.
IMtmi Jour. H*

Wai 23B5g?f,
s&sx.

Galc^ieiae in4uc©a tetrs-
ploSte of ©i3c -vd^^ieties
of Yigna Bineaais.
larllsa- Jour. S.ci*
MT-T^i:^.

AyMfioial polyploid^ ia
eorignder. (Coriandyaa

Setraplcjid in tomatoea by
®©ajie' of. e©le|iioia©«
Jai5. ^ovtv. Genet. 148

'

1942 ^olyploiSe la the geatw
Preltaiiaary scojuint.

H? 144-52.



•-iV '

1,;H»

m%m&f BM*,f .
SwMiaa^mt M.S,
®a'a©M®5 m^i:.
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12 CS)!
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1960

liSI

1942

1956
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la
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.in itelo-M• •.&n--fei»liia«a '
iia,1ms !«•>..•.
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Sx^ivaataira, K.I,

*Ste^>bia®

fsjidoRj S.S, and
eiiinoj, J. Jo

s-Sanflon, S.L,

*®si?kowalci, G.

$andoa, S.,!. m.&
Sso 5 (Jo

^^•fliom'br©, M,V, safi
P©s^I. j M* 0» .

♦Tooie, MoG. Slid
Bemfords R.

1955 Yas'ietal flifferenoes miong
polyploitls obtained fs:^s3
fiiffereat oUraSji©' of gi^sm.
TPTq^. BiliaJ*. AfWi,
sHT 4T^66T^

1956

1950

??i'o<luo-ta.on of fortile
autotetrBplpitls ia sessa^
aai •I1i©ir"'b3:'eeflii:ig
Jou¥» H©3;'®a. 47» 241-44.

mi- evol-gtioa in

ColiMflfoia UniVa Preaq, !♦ If#

1950 del Glricine infiucml poly
pi©iflj ia j^.Eg.yant]ii\i.8
bilitum,
Sol* and Cl«li% 11s 398.

1951 Col cMcine iaaiieed p®i|'«
ploifij in Brasalca
Qleyaceae* Ybv, Botr^rtds* L.
gol«, aatl Oiilt, 16J 483~84«

1965 O^togmetics snfi feJ^'U-lity
of ana tetrar.loifi

PI., By, Itost. 3768.
laiaR lola. 1©§C4-)

1966 Xiitef I'e^latioasMp within
llaoM; saint,

tor- Soi. 52 1'49-50-

I960 -A preliffiinayy note? on auto^
teiTat>loi<ly in Mave c?eata3.a.
Sei. "Cult. 261 17^7.

1945 ®iie fos'matiori of diploit
plssits from hsploid peppere.
jQ-gg. Heyefl. 36? 67-='70»



JC

,-a.,'

*TeMl£awa» I*

fieweewa^aj S# eaS
CMaaappaj ,

♦WaM3£©9 H.E., and
^^©al&e, A.?«

*Wada, B.

3£y

t.94f eal ^^Qlogh
• 0tuples m eeX«h:leia©
• ii5Suc©i-tetraploifis .ia

Hil>isg aigrum* .
Si^T'SSTydur. talk*
5S^2 — _

GoIcMMmb influ-eea
pioia^ ia Muss. •
SeS^ 'SSSS,* iSi:^ 453"^^4#,

'195^ . liayjsrologlci^ stafiits on
mcus'Mlaeeii.e ^ oy%©g©it©tio •
s'bu^iis on (JEpaacss© euowmt)©^*
if^oiimi© sfe-lsiims £•') '

-' ita tetrspiolA^iaflmeefi by
coleMciae.
Mm, Univ. Sea?. 2,B.2.
i5§-3"Br. ^••

1962 • A aot®. m a pixoploifi plant
oM-^13,®^ . fifj® col ©111©in®
treairsa . (gyaaopgie

iclTaSf^^. !§• 434-35.♦

1f65

1939

1940
1949
1950

|iri0:uss§ '®t€>t©4faploli
'm££m
•~~iHnrT3)8

Xaduatloa of siisple
mn2.-blvl0 pol^Ioifiy ifii
Bicotl^aas b^r coleiiloino
iTssteent. . .

£SBE» 419-"3^»

(mtea. %3r O,!. Figsti and
I?, Imetia, Osloli3.c3jie
ia sgapioultiai?©' .mefiiclaej.
"blGlogy ehesiiatsyi

lfrW&B:,'~iBiev,'' Iowa«" urs* A,
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f. mA
B'pBQkmmUf §8^4

isBe

^Masmiaeisi? K.fo

mi.

1945

191?

'polypXoii.t
gmi. rtj'b'feay coirfe^ttt ia
fsrssama® •kdk
WWT'^T-^M T^^'316»324.

fie effect of- eol#rioitt«
ea sii03?osf.o@©s#B©@i^ iM
©«l'te¥is# ns.-tliers of
?¥F,6eP©sa^i&, V'Blwimm*

ig§p T©1rrsp3.o3.t ?ist©mr»m 3?f@
gi'as^s. laDltS'tieQ f8iig;eaiagea.
45 • -

1959"

1955

Ik* 'M* A^s'fe' |t«

'Pslfploli|r ljr©ec11ii.g' is
foi'sge #3?opa«
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APPFaBIX I

'itoalysis of for- th® height of plea"is

Bomree S.-S, ?srisnc© ' f rsati©

fotiil 137253.98 159 863.23

fr©atnient 109281.55 10 10928.16

Bwor • 27972.43 149 187.73

Si^ifioaat IfS @ai 5^ lewl®

58,21'»'*

APPOTIX II

of Yarianoe fos^ epr©atl ©f plsnlis

SoiiS?e© S.S, Tsrisne© f ratio

fot{^ 56503.56 • 155 364.53

fi-estiaeiit 12377o3S 10 1237.79

iwoi- • 44125.70 145 304,31

*» Sigalflesnt at 1^ l<sv©l©

4.06»«-



T AfPMDIX III

of -rmrisn©© for niMlsei' of "brmcliea

Soiip-^e §.s, B.f. Tarisme©^ f ratio

fo-teisl^ 220449.34 151 1459.93

71376.50 10 7137..'65
=.f.' ^ . 6o7~^*

H'ror 149072.84 14t 1057.25

X-

Si^iifiGaUt at 5^ 2.ei?«>l8

AB?BIMS I?

Afisljsis of vas»iaaee for aisratioa of fl©w©fiJig

SoiWQQ S.St Do-F, YmTlmQ^ F S'rbi©

fo.t,aX 543.B7 30 ' 1S,13

freatment 261.87 10 26^19
1>8

Srrdr 2.82.00 20 14^,10

F ratio Is B©t elgiiific^it
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APPEWDIX ¥

of TEirisffioe fo:r niMbfei' of flowers

,Source S.S-. 15. f, ?arianee P rs'^o

foW 2244005-.97 159 14125.82

freatseiil; 390340.26 10 39034.03

Error 185665.71 149 12454.13

F ra1»i© xe signifieent at 5^ lovc4

appihdxx VI

3.n-»

Maiysie of Taii-sane© for pereentage of fruit .^et

Soure®

Total

Treatment

Erros

s.s.

5773.68

32.88

5740.80

D*F, Variance f ystio

30

10

20

192.46

3.29

287.04
0.67

? rs'bio is not ©ignifieant



"V

mmwiz rxi

Aa^ysi© of TerlBnee fer awibei' of fmiits

Soiiipc© S..i. Bef, • l&riunm 1? rat'i©

m%A • 1948liOO..OO

S-rea-feamt 53197.91

mmT. 19427902,09

144 135285.42

10 . 5319.7,9

134 144984.34

f ratio is fi@t atgaifieant

iPPESDIX ?III

0»93

M^jais of irarimee fo4' yielS of frtaite

S.S,

fotal '19273350.80

f3?es%aea t 265763® 00

S»©f 19007587.80

B.fo • fsrispae© f rsti©

144 . 133842.'60

10-• . 26576c 30

134 141847,67
0.91

f is not sigaificgat
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APPliDIX IX

Aii^ysie of irai'.ieBte for ares of leaves

Source ; S..S. D.F. ?srisnc© F ratio

2otal

satiseat

lra?i:>r

107.44

5.30

102,14

30

10

20

35.81

0*53

5.04

f rsi-feio is not sigJiificgnt

0.11

APPEISIS X

Malysis of v^^rime© for eis© of pollea gs?©ias'

Source s.s. D.F. Vsripjice F rj^tio

fotal 92,20 29 3.2

freataent 1.95 9 0.22
0.05

BTroi' 90.25 20 4.51

f yatio i0 tiot .sigaificsjit



J^

Al'PmDXX XX

MalsTsi® of. VBTlmpe for of ©tomslia

foim

5!r©s"te©]at

Irroa? .-

s»s.

174.80

127».69

47,11

Set. ¥sris!ic3e. F ratio

30

10

20

5=83

12.77

2,36
5.41'

'* F ratio is at 5^' lorel

A^mmix XII

Matysi® of verisncc for tOOO seed weight

Sourm

fotaL

$.rea,1;5?ieBt

s.s.

100.75

40.98

5% 77

p.F* farignc© F ratio

29

9

20

3.47

4.55

2,99
1.52

f ratio ie not oi^ificaat
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Avmmix tilt

X® table fea? pollen stes411t3r

®y©a'teen't© ¥©lt2©

Mne 1 Ooatol 0.03

I'ine 2 ¥b Control 0.15

Xilne 3 Vs Oontrol 0.008

Ltne 4 Vs Control 0.43

5 V0 Control 0.097

liine 6 Vs Control 0.008

liin© 7 Va Control 0.0001

Line 8 ¥s Control 0.02

Line 9 ?s Control 0.17

I-ise 10 ¥.9 Con1;i'ol 0.017

eritical velue for X| (0.05) « 3.841
Hone of the iralu©© ar© sigiiifiGjant
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Awmmm mi

•2'
Olis»aet©i®. • . Xc,

Iflglit of f3:®ts • •• • = 32.8

spresS of plml5^ ^ 52.6'

P ••--='Inmbesi? of flowers - - ^ ss fSaS

Imlses" of fTOlt® , , l|- sits.01

Wfigfet of fx^iW •" ' •x|'wt47.8

Cyi'feieal. ¥©l|i© of (0.05)- ss 16,92

Ioa@, ©f. tlie .X^ Telii©e a« gigaifi.Cf?iit.
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f ©f im the ,0g lines,

''2 b lefii-df gfe-wtli/of
.^ges eliamet'ea®). _ •; . •

2'b Iste of gi^ow^'o# (Flmts' Bhowimg
a^asrmtitles) '

, J, ^ tsrl&'lioaB 'iti»©ag

4. — ?atiati©,» ia sp.ie«st wag

•• f: ,, "" ia ,•of Ijrsie&es mon^ f ©I^lQit®

B- toifsMoss.io tli0

7. ' Imvi&M-mn tn ^iw mm%m of tlmem p^oimeea

'. 8 . fgidafiea® M m# amiei* of tmi%B fS*©itie^4 _
. ' • fey life© fol^lolis " • ,

•9 ' tn me ©f 'f^ats'set
" " namig •t:M©'.

10 fasiatioas is spieag. t©2.,fp-loi0® •

11 teiatieae %n -pellea sterility ®oag- -

M .•f«aslatl®0 ia tit iis:l»4te1ii©a ©f-^toraata^ '
mmg i)©ly®loii9» - • ". .
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Si25© Sfflti aistyibutldn Of stomata in pol^loiis
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18 M&tmphBB^ I la polypi
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