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Th« gonua UifJgaiinth— ua , coMprlslng n««rly 

160 •p«cl«St is  of uid«^apr«ad occurrancv In tha 

tflMparata and Many othar raQiona» noatly of tha oXd 

world. Tha tuo nain contraa of diatrlmitlon ara, 

tha Hadltarranaan raqiont particuXurly AXqarla and 

Canary lalanda, and tha China and Ji^an . Tha ganua 

conatitutaa a larga polyploid conplaN ranging froM 

2x to 22x» baaidaa a nu«bar of anauploida. Tha 

gardan chryaanthaMun ( t .  worifoliua RaMat.)» alao 

knoun tha *^^aan of tha Laat* ia a h i ^ l y  

varaatila acconr<iodiiting ornaviantal and ia ona of 

tha cMsat inportant flouar cropa of tha uorld.

Although qardan chryaanthaMuiia uara cultivatad Mora 

than 30U0 yaara ago in China, thaaa uara actually 

iaprovad in Japan ovsr 1000 yitara ago. and it waa 

not until tha aavantaath cantury that thay raachad 

Britain and othar countriaa. Ha^rly 190 yaara aftar 

thay uara introducad into Morth 4«aric«. £ • «»orifoliuw 

ia  auppoaad to hava ariaan fron a coMplax of Chinaaa 

apaciaa, chiafly £ • indjcuw Linn, ^nd t* i»orifoliuw 

ffa»at« (£ • ainanaa Sabina) thrfiugh rapa^tad cyclaa 

of hybridixation foliouad by aalaction ovar a pariod



of 2S00 ya«ra. Tha procaav of tr^aforHatlon  from 

ulld to cultlvatad condition took pl«c« In historic 

tl««  in tho gard«n« of Japan, Curopa and C^Hlna. 

Though naw for«a orlglnatad as hybrid saadllnga, 

aavaral ouXtlvara havM aXau arlaan aa apontanaoua 

bud Mutatlona* Tha purpoaa of tha praaant atudy la 

to bring out a coharant picturs of tha varloua 

■achmisMa undarXying tha origin and avciXution of 

gardan chryaaothaMutaa. Tha atudy daaXa ulth 

worphoXoglcai variation« braadlng ayatan, variation 

in chronoaoMa coiipXaaant and malotlc ayatMM in 

£ • *»orlfoXluw ooMpXax.

Tha ganua aanaavlaria (favtlXy ^gavaoaao) 

la tha othar plant incXudad in tha praaant atudy.

It la conaonXy knoun aa **tlouatrlng Hanp* and eontaina 

naarXy 60 apaciaa which ara chiafXy conflnad to 

Tropical Afrlcat Arabia «nd Hadagaacar. Thraa 

apaciaa ara found In India. Tha indlvlduaX apaciaa 

Sanaavlaria ahow an antraMaXy ulda variation In 

growth, forM and habitat. Sowa apaciaa ara highly 

prizad aa a aourca of flbra crop Uilch la uaad to 

mmkm coaraa fabrica, flah nata and bouatring. In 

additic»n to thia, faw apaciaa ara ornaPontaXat 

cuXtivatad for thalr batutifuXXy v^rlagatad Xaavaa

t 7 1
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■ithar mm pot plants for indoor purpoaa or mm bordvr 

plants in rock giird«n»« Th« pr«s«nt oiudy doalo uith 

an analysis of Mitotic conplamsnt and nalotio systsa 

«hieh May throw s o m s  light rsgardinQ spscistion 

procsas in this inportant group of planta.



I I .  nATfcRUL AHO ntlTHOOS

Thtt pr«sont inv«tttlg«tlon im baaad on 13 

spsclaa or Lh ry «n th —luw, approxia^taly 163 cultivar* 

of g«rdon chry«anth«Muvi (C . ^rlfoliuwi Rawat.) and

IS apacioa of danaavlitrla* Sooda of C.hryaantha»u« 

apaeiaa uara obtainad fron varioua botanic qariana. 

Naarly 400 cultivara of oardan chryaanthamm ara 

Malntalnad at National tetanical Raaa4rch Inatltuta* 

tucknou. fiajorlty of thaaa cultlvara ara of anotic 

origin and Initially  Introducad by tha lata nr. S. 

Parcy Lancaatart forwar Sanlor Taobnlcal Aaal»t;mt. 

Tha collactlon uaa furthar anrlchad with Matarlal 

obtilnad fro« Japan around 1P72 by Hr. H .a . Khar» 

iijcl^tlatf riorlcultura Laboratory. In 197* aavaral 

AMarlcan cultlvara uara alao introducad. Many 

proalalng hybrlda uara awolvad by Hr. M .A. Khar» 

uhlch hava baan Includad In tha praaant atudy. 

Slnllarly tha Sanaawlarla apaclaat (naarly 20) 

uara obtainad fro» South Africa by tha affort of 

tha lata Mr. 5 . Parcy Lanoastar. n®at of tha 

chrysanthaMUM cultlvara ara unraglatarad and uharavar 

tha na«« 1* abaant, tha cultlvara ara nuabarad. A
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for nltotlc «tudi«s «ctiv«ly dividing root 

tipo wora pr«tr«at«d ulth aaturatad solution of para- 

dlcHlorob«nt«no for 1*S to 7 hour* at Tha root

tipa uara than uaabad, flxad in «catic alcohol ( I s 3} 

■Ixtura for 24 houra« hydrolyaad in IN Hcl at 60*^L 

for IS mlnutaa and atainad in faulgan «nd finally 

aquaahad in irort-acatocarMina.

Karycitypaa uara an«ly««d froa root tipa 

froM a niniaum of S calla for arM ratio and othar 

Morphologioal datalla* PhotoIdiograMa uara praparad 

by cutting out indlviduai chronoaonaai arrnaging than 

in daacanding ordar of thair langth and Matching on 

tha baaia of mirphology. Tha claaaiflcation of Lavan 

S L  Mk* Matacantrie *n* (r  indax I .O ) ,  «atacantric

(r  indax 1 .0  to 1 .7) aubMatacantric •am* (r  indax 

1*7 to 3«Q}» aubtalocsntric *at* (r  Indax 3 .0  to 7.Q)

^ d  talocantric *T* (7  to°c) uaa uaad to datwrMina tha 

axact poaition of tha cantronara* Stabblna* (19SB) 

wathod uaa uaad for aaaaaaing tha dagraa of aaywMatry*

For naiotio atudiaa* young fXouar buda wara 

fixad in Carnoy'a fluid  (1  acatlc acid i 3 chXorofora s 

6 alcohol) in which tha acatic acid coiBpon«M^t waa
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M tur«tsd  with farrlc nat«rlaX umm fixvd

botuaan P A .n . to 1U.30 A.n« After « UMak, tha aatarla]. 

uaa aquaaHod in 1 par cant acatu carnin«.

Analyaia of Mitotic and Maiotic chrDnoaonaa 

uaa Mada froM tawporary alidaa frim which auitabla OaXla 

uara photoyraphad ualng Uiynpua U T r  wicroacopa in 

combination with Pflfe photcHicrographic attacha»nt* 

In itial ■agnificaticn obtainad waa aithar *350 or 

*500 which h«a baan anlargad xlSOO.

IJNA L a t i w a t i ^

^oot tipa uara fixad in 1i3 acatic alcohol 

and than hydrolyaad in 1!l Hcl at 6CJ®L for IS ninutaa, 

atainad in lauco-baaic fuchain at pM 3 .6  for 2 houra. 

Than thay uara givon thraa 10 - Minutaa uaahaa in Soj 

uatar, follouad by a waahing in diatillad uatar, and 

finally  aquaahad in a drop of glycarol. Tour alidaa 

of aach Matarial uara prap.^rad, and aach alida uaa 

praparad uaing a aingla root tip fro« a d i f f a r ^ t  

plant* Tha ralativa abaorptlon at 970 n* of 

individual faulgan atainad nuclai uara Kaaaurad 

uaing Vickara n 86 Scanning nicrodanaitoMatar. 

•laaauraaanta of at laaat 10 aarly talophaaa nuclai 

par raplicata of aach cultivar uara nada. Aa a 

chock, 10 larga praauH'ibly AC nuclai uara alao



n««Bur«d to mmkm «ur« th«t tranaitXonaX, i .e .  2L-4C 

¥«Xua« umrm not Includad, Th« ati«olut« valuta umrm 

c«iouX«tad uainq standard >XX1mw capa. uhoaa nucXaar 

ONA valua Xa 33*9S pXcoqra«a* (Van’ t Hof f  1<>6S) •

t 10 t



1 ! 1 .  L H PY SA H T H tf lU n  

1. SYaTWTIC PUalTlOH AWO OlSTRXaUTIOH

Th« Chrvxnthnwiiw i« a n»abar of th« faaily 

CoMpositaSf uHich h«v« coMpovlta flouars ««ch consisting 

of « larq« nuMbsr of flarsts arrangad w r y  cloaaiy* Tha 

nana *chryaantha«UM* ouaa ita origin to tinnaaua (17S3) 

who coMpoaad a Craak coapoaita word *Chryoa* aaaning 

gold and 'anthaMon* naaning flouar» thua signifying 

"guXdan flouar^• Tha colour of aarliaat chryaantha«uas 

wara yallou and Linnaaua night hava appliad thia tarm 

to tha aMall yaliou flouars of |L* indicuw Linn*

Chryaanthanuna ara among tha aarliaat flouars 

to ba cultivatsd and was knoun sinca tha ti«a  of 

Confucioua (SSI-478 iarly botaniata clasaifiad

Lhrya^inthaiuw by giving varioua aynonyna lika Hatricari^ 

(flrsyna, 16S8; Pativar* 1703; Plunkat» 1705^ ^aaMpfar#

17^2t n illar , 1768; ttanatuallat 1792), Anthaaia (Uilldanou, 

1800; rioanch, 1602) and Pyrathrun (Oa Landolla* 1837;

Phono zoufouf 1828; ilaMiMouici^ 1672) • for tha firat 

tiiia Linnaaua in his *Spacias PlantaruM* (ad« 17S3) 

gava tha ganaric naMa to t^ia plant aa thryaantha»t^«

Sinca than tha naMs has bsan rafarrad to by aany authors



lik« Thun^arg (1764}, P«M «tu«XU  (1 7 9 2 ) , turtis (1796) 

and Cduard (IB IS , 1B20, 162l)«

Th« Qonua t h r y ha« ba«n pJLacad under 

tha triba AnthaMidaaa of thm  family Coapoaitaa* Baaad 

on diffarancaa in tha aaad aiorpHoIogyt 8anthaH and 

Hookar «ada 2? aub^groupa of uHioh about 6 groupa 

includo gardan for«a (Ballayf 1<>53}. i^ngiar and 

^rantl (1924) dlvidad tha ganua Into aight aactionat 

four containing annuai and four parannial apaolaa 

(cf« Douriok* 19S3)* Tha annual apaciaa ara includad 

P i ^ y .cli,̂ * tolaoatophua« Ia»al^ and Awwanthui^t 

uhila tha paranniai apaciaa in ^royranthawfUiii. Pyrathruw, 

CywnocXina and Tanqcat^yi, i^ndlci^ uhich la 

raaponaibla for tha davaXopnant of gardan chryaanthaMUMa 

falXa undar tha aaction Pyrathruw* Hutchinaon (1917) 

conaidarad 5 apaciaa andanic to South Africa undar tha 

ganu« Chryaiyithipuw» Houavar* Nordanatan (1976) haa 

ahoun that thara ara infact 7 apaciaa and thaaa apaolaa 

ara oatagorlaad undar four g«nara auch aa Adanantham.

Lywbopappua. Laucoptara and jdanoqloaaa* Thaaa oXaaal- 

ficationa wara baaad on carpological and othar 

Morphological atudlaa*

Tha ganarlc concapt in tha trlba Anthaaildaaa 

hava baan changad by Haywood and HuMphrlaa (1977) In
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m rocimt ravl«u* According to thttaa «uthora« •iDtilsrity 

or floral formm •xhibitad by mmny •paclaa of Anthamidaaa 

ha« obacurad tha racognltlon of avolutionary groi^ia In 

aoma caaaa Xika thrvaantHawuw coMpitfH. 9y adopting 

crltaria baaad upon carpologleal atudlaa* anbrye aac 

dita and phytocba'^lcal data thay h«va raco^^iaad flwa 

principal ganara in tha Chrya^thawuM coaplax. Thaaa 

fiva g«tnara ara M^pyranthawuw. Lhrvaanthawy, 

koMCanthawy. Ljtf^catiy and Oandranth— î , Tha ganua 

khrjrayithaauw L . ( aanau atricto) appXiaa to a grot^i 

of thraa diatinct annual apaciaa, C* carinatur»>

C» co^ronariuw and £ • aaqatuw« Houavar» tha autUMn 

flouaring cultivara of gardan chryaanthoMua hava buan 

placad in tha ganua Oandranthawa ( OC). Daa»oul, which 

containa naarly Ski apaciaa. nandranthaw^ incXudaa 

parannial harba and/or ahruba. Tha cultivara of 

Ibtndranthawa (C . worifoliuw) axcaada 7000 «nd ara 

darivad fro* Aaian apaciaa of £ • indicj and Q. worlfoliuw 

(Haywood and Humphriaa« 1577).

Tha taMonoMic hiatory of floriata chryaantha«UM»

£* *^Tifoliuw  aa raviauad by Ackaraon (1997) ia 

auMMarirad balowi

Fanatualla (1792) daacribad a fully doubla 

incurvad flouor aa Anthawia grandiflora, uhioh ha latar
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clasalfiad a« jljutrlcqrla worAfoiluw* Hou«v«r* botaniata 

conaidcrad it qs C . i n d i c u n * In 1823 Josaph iablna 

oalXad thia aa t .  ainanaa. Hanalay (1889} attavptad 

to corract tha nonanciatura propoaing ■orifoiluw aa 

uaa sugqaatad by PaMatuaXla. Ha furthar atataa that 

though f^avatualla daacrlbad tha gardan forMa ac Mnthawia 

jrj|n_dAflor,a and tl^tricaria worAfoXAuw. ha had auggaatad 

that I f  tha plant ia rafarad to thrvaantha«u»> than it 

Might ba calXad C . worifoXiuw. 3aiX«y (1^53) propoaad 

a nau nawa hortoruw. ^ut iater ha uaad tha valid 

na«a £ . worifoXiuw*

Kay to tha aoaciaa

Tha ganua thryaanthawuw containa annual aa 

uaXX aa paranniaX apaoiaa* Tha cXaaaification of 

iaportant ornamantaX taxa foXlouing BaiXay (19S3} ia 

aa glvan balou.

4 . PXant annuqX

1. Glabroua annual* 60 c m  to *>0 ca high, ataM 

much branchad, Xaavaa rathar fXaahy* pinnatifid , flouara 

in aoXitary haada which ara naarXy S cai acroaa uith 

typicaXXy uhita raya and yaXXou ring at tha baaa. 

InvoXucraX bracta kaalad*

C . carinatuM Schouab*
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2 , Annual, 90 cn to 120 cm« biplnnatsly

part«d, •oaauhat elaaplng or ««r«d at th« baaa, gl«brou«,

th« aa9 ?«nt« closar toq«th«r th«n In U  c a rln a tw ,

Involucral mcmlmn broad, r<iy« lanon colourad or n«arly 

whito*

• • •£ . •  cotonariuw Linn.

3 . Annufll, 30 cn to 45 o« high, aparaa,

cXaaplng, oblong or oblaneool«t«, varlcblo, riowor 

p«tioX«d and uppmr elaaplng, inciaiona coaraa or rin«.

Of •hallow, but uaually only coarsoly aarratay 

with a fau and diatant taath, tha lowar onaa laaa cut, 

bracta of Involuera broad, obtuaa, raya obovata and 

«MargXnatad, goldan yallow.

*** L* ••Qotuw tlnn.

AA. Mlant parannlal

t* An,d4cuw Cinn. Marannlal, ona of tha aourcaa 

of tha flo riat ’ a chryaanthaMuna. Much Ilka t .  ■lorifoliuw 

laavaa thin and flaccid, plnnataly partad, with acuta or 

Mucronata taath: outar Involucral bracta broad and 

acarloua axcapt tha harbacaoua >ild narva, raya yallow, 

ahortar tN m  dlawatar of tha dlac.

t*  gO-glTolltf* ftaMat. alnanaa Sabina)

Parannlal, ona of tha aourcaa (alongwlth L ,  Indlcuw) of 

tha larga florlat*a chryaanthanuM. Wild plant ahrubby.
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mrmct anrf rigid , 60 cn to 90 cm, branchAng, f«y l««v«ds 

l««v«a thick and stifft 3 c« lung dansaly yhit« tonsntoaa 

bsnaath, variabla in ahapa fron ovata to lancaolata» 

cunaata at baaa* Margin antira or coaraaiy toothads 

outar bracta of Involucra thick, Xlnaatf acuta, uhita-* 

toMantoaa, flowar h«ada avail, with yallou diac and 

uhita raya auaauhat axcaadlng tha diac*

Thara la nuch controvaray ragarding tha 

nunbar of apaclaa balenging to tha ganua thryaantha»uw« 

ilailay (l®33) aatlM^tad IS) apaclaa, uhila CuMiinq (1964) 

raportad 160 apaciaa and Pixzatti and Cockar (197S) 

racordad aora than 200 apaciaa. According to Hay%ioad 

and HuMphriaa (1977> tha Lhryaanthawuw cowpXax containa 

naarly 170 apaciaa, which ia vary naar tha qanaral 

baliaf that tha ganua containa naarly 160 apaciaa.

Although tha original ho«a of thrvaanthawuw 

ia China, the apaciaa arc of uida^apraad occurranca in 

taMparata ragiona and in «any parta o f tha globa,

Moatiy in tha oXd iwrld (HaMalay, 18B9| Bailay, 1993)* 

According to t)ourick (l9S2b) thara ara two aain cantraa 

of diatributlon, ona ia tha Haditarranaan araa, 

particularly in tha Algaria and tanary lalanda and tha 

othar in China and Japan. Tha ganua haa apraad through­

out Ciiropa and Aaia*
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According to H«yuood and Hu«phrl«« (1977), 

thm  ganara of t h r y n t h — urn coaplax show an intvraatlng 

gaoQraphlcal puttarn. In t^)« Qonua L hryaanthaimwi^

S* c^rin*tui> is  andaMic to Atlantic coast of Morocco*

L* j^PJfonari uw and l .̂ ssQstuw ara tuo Haditarranssn 

annuals which ^rs now uid«_apraad uaada occurring in 

Many tsMparata aroaa. Uandranthisa is cantrod in tha 

Tar Last and according to Hu ( 196S> MOst spacios ara 

confinsd to Sik«ng, Yunnan, Szachuan, Shansi, tlongolia 

and Sinkiang provlncaa of China. Kitanura (1940) 

raportad about 18 spaelas fro« Japan* According to 

TzaXav (l96l) 12 spaelas ara wida ranging uith

2*  A" Koraa and China and U. zaMadskii

axtanding right throughout fro« Asia to turopa as far 

as Carpathian and Lirals* U* arctlcuw occurs in coastal 

ragions throughout tha northarn haMlsphsra particularly 

in Japan, China, Ruasia and Just rsachaa along tha 

teandinavian oeast U n a  (o f . Haywood and Hunphrias, 1977).

Hookar (1B97) rscords two spaolaa of 

ChrvsanthswuB in India, C , I n d i c ^ ,  cultivatad in 

gardans J«nd C . coronariuw found in tha wild atata. Ha 

also raportad C . ^tklnsonl froM Sikkia Hinalayas*

Oowrick (19 32} statas that 12 spocias ara andaaiic to 

Hiwalayaa* Hasialsy (1689) raporta that Rhaada in hia
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Hortus M«X«barlc(M r«eord«d th« cultivfition of doubla 

variety of ohryaanthoHiuM in ^ u t h  India mm oarly «a 

1690* Racantly, Kltanura (1966) raportad a n«w apaciaa« 

dolioophyXXt^ fro« Hinalayaa*

Una of tha apaculatlona noat uidaly accaptad 

by nany aa a fact» ia that our praaant day floriata 

and Qardan chryaanthamuMa uara darivad fro» indicuw 

C . worifoiiuw (C . ainana(f) « Tha larga flowarad 

ouXtivara arm auppoaad to hava orlainatad froM 

L* i^Tifjoiiutt and tha aMalX fXowarad onaa fron 

k* (CnawaXXar, 1S47) •

£* A»dic*f« (r ig . 1} ia ahort, yhiXa L* iwri- 

foiiun (L .  ainanaa) (r ig a . 2 and 3) ia aXightXy taiXar, 

robuat with aingXa or doubXa fXowara* Howavart tha 

praaant day gardan chryaanthantJia ara conaidarad aa 

L* «hd ara tha product of Intanaiva eroaa

braading and aaXaotlon by many ovar tha yaara*

2. rnwwumciLAC rcATuwLa

About 100 rapraaantativa euXtivara of 

^ r l f o X i i ^  growing at tha NationaX SotanicaX Raaaarch 

Inatituta, Lucknou wara atudiad for MorphoXogieaX 

oharactariatioa« which wara racordad at tha ti»a  of
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rio«* 1-31 •p «ci«s  involved In th«

oriQin of 9«rd«ft chry»anth*«u«

r in . 1 1  C . indicun Linn, (fr o "  Curtis’ SotanicjX^
- - H«oazin« vol* 9» p .3 2 7 ) .

r i g .  21 C .  S a b i n ,  ( r r o »  t u r t i . ’
^  -  ----------------  M a g a z i n e  v o l *  5 2 ,  p « 2 S a i i ; »

r i g .  31 C h r y y ^ t h ^ i t g  k ho.r t u E » s

plata a ) •





full blooMing ! • • •  in tha Month of OaCMnbar-Januaryt 

•o  that it ro»aln«d unlforM for « i l  th« oultivara 

«naly«ttd. It uaa obaarvad that not auch variability 

axlata in tha ganaral Morpholoqy aNCept tha alxa^ ahapa 

and colour of tha flowar haada* Tha aiza of tha 

eapitula May b« influancad by tha cultural praeticaa* 

norphologieal variation haa baan racordad In Tabla II*

Ubaarvation^

S i s s ,

Tha g a r d a n  f o r « a  of M o r i f o l l u M  ara 

porannial h a r b a ,  p a r a n n a t i n g  w it h  t h a  h a lp  o f  undar-  

g r o u n d  a t a M . Tha a a r l a l  mtmm ia h a r b a c a a u a  a t  t h a  

y o u n g  a t a g a  and ba co M aa  a t i f f  and w oody  a t  M a t u r i t y .

Tha ataM ia gi^arally  unbranchad, but a M a l l  fluwarad 

cultivara produca a n u M b a r  of branehaa. MorifoliuM 

ia propagatad vagatativaly by naana of diviaion of 

cluMpa* auckara or through ataM cuttinga. Propagation 

through ataM cutting ia M a i n l y  a M p lo y a d  for larga 

flowarad chryaanthaMUM. Tha a u c k a r a  originata  froM tha 

undarground portion of tha atuM uhlch run firat hori­

zontally undar tha aoil giving rlaa to ahoota and roota 

froM tha neda* Thaaa auckara «ra aaparatad and plantad 

froM which naw branchaa ariaa* HaviMuM auckaring ia
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•van uh«n th« blooalng is ovar and aariai ataii atarta 

pariahing, Tha ahoota f to m  tha auckara grow upwarda, 

ultiaataly forcing an indapandant plant*

Piant height

Haight in tha gardan cultivara variaa from  

om to 127 cm (Tabla I I )  m Tha cultivara t>a 

arrangad into two groupa, baaad on haight. Tha larga 

flouarad cultivara (incurvad^ raflaxadp ate*} ara tha 

tallaat* with haight ranging froa 32 cm (cv« *Ghanghia- 

khan') to 127 cm ( c v «  ilSl) • Tha aacond group ooHpriaaa 

of aMali flowarad cultivara uhoaa haight rangaa fro*

29 cm (cv« NN4) to 67 on (cv« K3) • Plant haight ia 

influancad by tha aoil ^ d  cultural practicaa lika tha 

typa of blooM daairad, tharafara» it May not ba poaaibla 

to corral^ta plant haight uith noat othar charactaristica 

including pl'iidy laval*

!-a V .

Laavaa in cultivara of £* worifoliuw ara 

aiMpla» uaually axatipuLsta and altarnata in arrangaaant* 

Sottatinaa foliacaoua atipulaa ara aaan, which iiay 

anoircla tha mtmm and fora an outgrowth. Thaaa atipulaa 

uaually ahou aharp dantation* Laavaa ara uaually
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riQ s . 4-lSt Variability in laaf of £ . worifoliuw

cuXtlvara.

rig. 4t ew. ON^

rig. Ss *Nanako*

rig. it 6V.

rig. It cv.

rig. 8s cv .

rig. 9t CV.

rig.iot ev . &2

r ig .m cv.

rig.l2t CV.

rig.13i *K«sturb« Gandhi

rig .14t *Snou th lt» '

rig.lSt CW. r i jo



8 1 0

1 I 12 13
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p «t io U t « d , or av«n ummmilm (cv . 1142} . Th« laavas 

«r« ¥«riabl« In and mizm (rigs , 4-IS) . Th«

Margin of tho loaf im varlouoXy dloaoctod In dlfforant 

cultlvara (Tablo II) • tho loaf blado lo cut

to ouch on oMtont that it aliNiot touDhao tho oidrib 

(r ig .  I D ) .

Am ng largo flouorod oultivarop tho oizo of 

tho loaf varloo fro« 10 .0  r » 9 .6  cm (cv . f!2l} to 

17 .7  X 7 .3  cm (cv . <139} .  tn OMall floworod cultivarot 

it rangoo from 3 .S  k 3 .0  on (cv . ONl) to 8 .1  x 4 .3  cm 

(cv . 'Birbal Sohni*) . Tha tatroploid *i.iliput' hao 

o loof oizo 5 .8  X 3 .6  cm^ whoroao in octoploid 

'Ghonghiakhon*, it io only 8 .S  x 4 .S  cm. Tho loavoo 

of octoploid *Ghonghiakhan* aro thickar and darkar 

groon in co1ouT( in cowparioon to tho totraploid 

*Liliput* and othar haxaploid c^iltivaro.

Lapitula and floroto

lindor tticknow conditionof availoblo cultivaro 

of gar don chryoanthonuMo blooii fron Novanbor to Ooconbor 

3oth oMall and largo flouorod cultivaro roiiuiro 6 to 12 

uooka to COMO In full blooM, aftor tho initiation of 

flouor budo.
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A Qrvat d««l of variation axlata in th« 

florai haada of chryaanthoMUMa with ragard to thalr 

aita and ahapa of tha florata> Tha nuM ^r» for«f 

aiia  and arrviganant of florata mhou variation which 

giva diffarant ahapaa to tha flowar haada (riga.1fr-36). 

Tha capitula ara priMarily aingla, duubXa or dacorativa, 

and forn glribular to flat or ball ahapad haada.

Tha capitulun conaista of »iany individual 

flouara or 'florata ' arrangad on a coamon axia callad 

thallanua. Two typaa of florata ara diatlnguiahabla 

in a capituluM. Thay ara tha 'ray florata ' which 

ocei^iy tha pariphary of tha thallaHua and tha centrally 

placed onaa, 'diac florata '* Ray florsta ara fanala 

and diac biaaxual* Tha atrap-lika corolla of a ray 

florat ahowa taath«lika projactiona towarda ita tip 

which indic^taa tha nwnbar of patala that hava unitad 

to for* it* Diac florata hava got a tubular corolla*

Xn aona cultivara* diac «ay b« coMplataly hiddan by 

tha raya» or it  mmy ba abaant* Oiac florata ara 

occaaionally found acattarad aingly or in groupa among 

tha ray florata* Tha baaal typa of oultivara hava 

aingla row of ray florata and tha darivad onaa hava 

aaMidoubla or doubla haada with marm than fiva rowa*
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riQ * . 16-24* « * r l « b iu t y  In thm  flow«r h»ad« 

of C , ■iQglfoXiua cultlvar* 

( •n a i l  rioumtmd typmm)

r ig , 16V cv . (f^n«Pon*)

r i9 . 17» •Llliput* (Button)

f i g .  18» cv , (Kor»«n)

Fig* 19t cv* t g  (Po«pon)

rig. 20* *Harv««t How®* (St«llat«)

r ig . 211 •Kastupl* (Cln«r«rla)

rig. 22* cw. (Qulllsd)

rig. 23i cv. Tj (Spoon)

r ig . 241 cv . (&trlp««J)





rig.. 2S-3DI W a r U b lU ty  In flow .r h.«d.

of C . ■ o r l f o l l u a  cultlv«r« 

(Larq« flou«r«d typaa)

riq. 28: cv. n,3 (Incurwad)

rn -  26t 'O ian^lakhao* (Inourvln®)

riQ . 271 *Daa* (Rafla*)

r ig . 20* ’ Pink Cloud* { Intarwadlata)

riQ. 2«» 'Grapa Bowl* (Itragular)

rifl.  3D« *S .U . Andra* (3all)





rio«. 31-M« w « i« b l l lt y  In flow«r h«ad«

or L .  M Y ifo Iiu n  cultivars

(Larga flouarod typsa)

r ig. 31* cv . (ouillad)

riq. 32i cv« (Spidar)

riQ* 33t cv . Hg (Thraad)

rxg. 34S •rrad Tula* (Po«pon)

riq. 3St •ffahathw* CandKi* (Tubular)

r ig. 361 cv . (3anidoubla/«POon)





Thd straps srs srr«nQ«d on ths hsads in 

slngltt rou (stsllsts , coronaits and «n«Mons typss)> 1 

to 5 fl«t  rows (chsrH or cintirarls and singls korssn) •

Ths strap shapod ray florsts bava both ths aldas 

conprssssd downwards and thay ara uauaily tuiatad in 

ataXlata typa* w#illa ths out«r»oat diac florata ara 

convartad Into buck la In coronata typa* Twlstad atrapa 

ara alao obaarvad in aona of tha ana«ona fXowarad 

eultivara (cvs. 'Gan* and AA16)• Th« atrapa ara 

providad with parfact atriationa or atraaka of 

diffarant coloura In atripad typaa.

Tha atrapa ara found in wora than 5 rowa and 

flat in doubla koraan and saaidoublaa* In Miall 

flowarati poMpona and dacorativaa tha ray florata ara 

ahortf broad and ragularly arrangad. In pompona tha 

atrapa ara divarglng and a t r a i< ^  giving tha blooai a 

oonpact ha«iapharloaX ahapa* Strapa tra Xargar in 

larg9> fXowarad sanidoubXos*

In l a r g a  f l o w a r a d  e u l t i v a r a  t h a  ray f l o r a t a  

aaauna v a r i o u a  ahi^iaa ( f i g a .  37-48) w h ic h  ara M a in l y  

r a a p o n a i b l a  f o r  t h a  d i f f a r a n t  c a t a g o r i a a  o f  b lo c m a *

In incurvad typas tha ray florata ara st iff  broad and

curva upwarda and inward touarda tha cantra to giva

tha bloom a globular ahapa (cva* *Snow 8alX*i *Kikubiyeuri*)
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m. 37-481 Variability in ray fXorata 

of C . M orifoUun cultivara

riQ. 371

%
*3ohn Uabhar*

riQ. 381 CW. U 3 J

riQ. 391 CW. Hjg

f ig . 40s CW. u , 3

riQ. 411 c V • W j  ̂

r iq . 42s «ri«hathiia GancR>i*

r iq . 43t *Ghanghiakh«n*

rig . 441 cv . 1 ^ 3

f ig . 4St CW.

r ig . 461 c « .

r ig . 47i CW.

r ig . 4di CV. Uj





Th« r«y fIor«t In its b«««l portion im tub^lor and 

narrow «nd tho r»at of th« portion roaaina opan to 

aaauHa a bo«t-aN«patl atriictura. In aoMa cultlvara 

tha outar florata opan touarda tha and in tha fora 

of a hook (rig* 36) • In othar inatancaa tha florata 

twlatad and turning in diaordariy Mannar*

In raflaxad typaa^ tha atrapa ara apra^iding, 

curvad outward and downward away fron tha cantra ao 

that thalr uppar aurfaca ia  aaan* In tha aarly atagaa, 

tha innar florata ranain incurvad* do«atiaa« tha bloo« 

bacoaaa irraguXar t^a to irragiilar ahapa of tha atrapa 

cauaad by twiating and turning in a haphazard nannar*

In ao«a caaaa tha baaal portion of tha atrapa ra«iain 

tubular but tha uppar portion ia opanad, farming a 

proninant apoon.

In ball or rayonanta« tha ray florata ara 

uaualXy cham allad  and cloaaly packad and radiata in 

all  diractiona giving tha bloo« tha ahapa of a ball 

(cva* 'Prida of riadford* and U23) *

Tha tubular florata aaauning tha ahapa of a 

quiil and alongating with thair tipa opan or cloaad 

raaulta in quillad flowara (fig * * Tha tubaa say 

ba thick, nadiua or thin* In varioua cultivara tha
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quills Way bo nrrongad from  on« (cw« *Uonald*} to 

w«ny roua (cva . 'Gold«n quill* and Wj) • <^uill« «r« 

•oMatiMas praaaad flat and opan at tha t ip , t^uillad 

ray florata ara alao obaarvad in ao«a ana»ona typaa 

(cva. *n«rcory*, *Roaa*)•

In a^idar typaa (cvs . U14 and Y19) tha ray 

florata ara tubular and arranQad at rioHt anglaa to 

tha stap« Tha opaning of tha tubiilar atrap ia 

bilippad* In ao«a thraad typa tha oantral portion 

of tha capituluH ia occupiad by a coluMn of raya which 

form an outgrowth or corona* In lacani^ta typaa tha 

nouth of tha tubular ray florat ia v^rioualy diaaactad 

and tha ray florata ara co«pactly arrangad.

Si«a of tha  ̂ ra y  florata

Tha aiza of tha ray florata variaa according 

to thair diffarant ahapa (Tabla II) • In anall flouarad 

ainglaa (aingla koraan, ataliata* cinararia* atripady

coronata and ananona) and doublaa (button^ pompon «id

daubla koraan) it r^mgaa froM 0 .7  x 0 .2  cm to 3*0 x 1*0 cm, 

In larqa flouarad incurvaa tha aiza of tha ray florata 

rangaa fron 9 .6  x 0*9  cn to 9 .7  x 1.2 cm* In  larga

flouarad roflaxaa and in aoMa irragular typaa tha

aiza of tha atrap rangaa froM S«7 x 0*4  om to S*2 x 0 .6  cm.

In larga flouarad rayonanta/ball» tha aiza of tha ray
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florals varias from  4«4 x 0 ,3  c« to 6 .7  n O .S  cm .

Th« a i tm  o f  thm  r«y fXorots i n  ammli large flouarad 

tiibular/quilUd typm *  ranQ«a from 3 .3  x 0*2 cm te 

10.B X 2*4  CM. Xn thraad typaa th» alza of tha ray 

florata v^riaa froM 4 .7  x 0 .7  cm to 10 .6  x 0 .3  c m .

Disc la vary conaplcuoua in all  aingl«« and 

Majority or tho aaMidoublaa. Houawart U  ia concaaXad 

or ia  alMoat inconapiciioua in poMpon, ball, incurvaa 

and rafiaxaa* Tha diac florata in anaMona ia proMinantly 

davalopad and ia uaually haMiapharioal in forai. In cv . 

*Nanako* tha ray florata ara aaaant and tha antira 

capituluM ia rapraaontad by diac florata which ara 

wall davalopad. Tha ntaMana ara rudiMantary in thia 

caaa.

riowar colour

Tha baaic colour in chryaanthaMun cultivara 

ia yallou but thara ia an array of coloura in diffarant 

ahadaa. True blua colour ia ^baant in chryaanthaMuaa.

In t h a  praaant atudy, t h a  coloura uara M a t c h a d  with 

tha horticultural colour ch<irta of t h a  ttoyal Horti­

cultural 3ociaty« London. Cardan cultivara fa il  in 

four diffari»nt colour groupa lika yallou* uhita^

Mauva and tarracotta/rad and thair diffarant ahadaa
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(T «bl«  11} • With r«Qard to y«Xlow, it  r«ng«a fron 

•ulphur yaXloii 1 /3  (cv « . Y2l and Y23) to Iwman yalXou 

4 (cw. *Nan«ko’ } «nd orang* shadva «s In cv« *rr«d YuX«* 

(c«(teiuM or«ng« fl/l) . In atripad y«llou« (ew. a?) tha 

b««« colour im CAn«ry yslXou 2 /l  «nd th« mttmmkm 

oxbXood r«d 623/2* In aouva coXourod cuXtivars thora 

is m manqm fron roa« pink 427 /3  (cv* H14) to paatol 

Mauva 433 /3  (cv* Hlft) « ffad and/or taracotta ooXouFa 

ahou a graatar gradation rrom  aaffron ysXXow 7 /3  

(cv . Tl3} to cardinal rad B22 (cv . *41frad ainpaon*) 

and ainpla rad 23 /2  (cv . R l ) .

Tha fXowara nay ahow a aingXa coXour or nay 

ba biooXourad whan tha uppar and Xouar aurfjicaa of 

tha fXorata ara in diffarant coXoura. Tha fXorata nay 

ba atraakad or bXotchad in diffarant ahadaa.

Tha aiia  of tha capituXa ia infXuancad by 

tha aiza and nuMbar of ray fXorata praaant. Tha mizm 

of tha bXoom ia  takan aa tha dia«atar of tha fiouar haad 

and in chryaanthanun cuXtivara tha aiza variaa froa 

1 .9  c« (cv . NN3) to 23 .0  cn (cv . f130) . Baaad on tha 

CapituXa aiza , tha cuXtivara nay ba groupad into two, 

anaXX fXauarad and Xarga fXouarad onaa. In aaalX
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flawarad •Ingles th« nizm  v«riaa from  2 ,3  om to 7 .5  ca . 

TH« dianatttr of tha c«pltul« In tatrapXoid button (cv .

ia 2 ,1  CM and In th« p«ntaploid cultivara 

Ilka Pjj 'Kaaturl* atc« it rangan fron 3*4 cm to

3«8 CM* Tha anallaat flouar Ha^d waa found in cv* NH3

(l*9  cm}*  Th# dianatar of larga fXouarad Incurvaa 

variaa fron 12*7 cn to 16*0 c m . Tha dianatar in ball 

or rayonanta variaa fro M  ®.7 cm to 12 ,9  c m , howavar, 

in thraada and apidara^ tha ranqa uaa froM 10*7 cn to 

1 9 .S cn* Tha largaat flouar haad uaa foi#id to ba of 

cv* nso uith a dianatar of 2 3 .0  cn* Tha eapitula 

diaMatar in octopXoid *Ghanghiakhan* waa 14 .7  cn.

ConcX^aiona

fron tha foragoing ticcount of norphoXogicaX 

an«Xyaia« a fau ganaraX concXuaiono onarga. With 

ragard to plant haightf Xarga fXouarad cultivara uara 

found to ba taXXar# uith haight ranging fron 32 cm to

127 cn, uhiXa anaXX fXouarad cultivara ara fron 29 cn

to 87 cn.

Laavaa ara ainpXa and variouaXy diaaactad 

in aXX tha cultivara and an«Xyaia of Xangtht braadth 

ratio hardXy ravaaXad any raXationahip batuaan tha Xaaf 

aiia  and fXouar typa* ^louavart tatrapXoid cuXtivar had 

anaXXar Xaavaa uhan conparad to haptapXoid and octopXnid
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etiltiv4rs« In hapt«plald and octoplold oultivars 

th« l«4v«« u«r« broadsr, d«rk Qr««n jind thick* It 

Im worth rvc^XlinQ th«t Oouyick (1933) oba«rvad 

Vfirlation in Morphological ch^ractarlsticc accoMpcniod 

by a ch«ng« in chroMoao«« nunbar in a aporting cultivar 

*ravourita*» Sfiorta of *ravotirlta* ahouad varying 

chronoaoMa nuHbar lika 2n »  34, SS* S6 and 57 . Una 

aport 'Sh u ffil*a  favourita* had a chrowoaoaia nunb^^T 

2n m 4 7 . Thia pli^t uaa vary waak norphalogically 

and tha laaf was diatortad in ahapa* Thua Uowrick 

(1953) concXudad that tha loaa of chronoaonaa hava 

dalatarioua affacta on tha phanotypa* Similar 

raaulta wara alao obtainad by Iwaaa at al> (1972) 

who atudiad aporting cultlvara of 'Aaagahara faaily*

(2n «  9 6 )•  In tha fiva planta with diffarant chronoaowa 

nuNbarSf foiir Had aithar 2n «  S4 or S5» ona plant with 

2n «  32 chroHoaonaa waa diatinguiahad by ita  waaknaaa 

and a»allar laavaa. Una aport of tha cultivar 

*Kia»agahara* having 2n ■ S7 ahowad v i^ r o u a  growth 

and incraaaad plant haight (Iwaaa 1972)*

In tha praaant atudy^ no atrict corralation batwaan 

■orphology and cytological atatua waa diacarnabla*
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OlatinguiB^ing norohological charactttrs of worlfoliuw 
cultivars (riowar colour par HorticuLtural t o lour tK^rt 
of flHS« London)

T a b U  I I

Plant 
Taxon halQ^t 

( c « )

L— f  L ^ l t u l u i
Siza  ̂ 's h ^ a
(L /8  natar
ratio) (ca>

__________ ____ ■ . y i x L S l ' r < i K *
shap« Siza

(t X B) 
(cm)

ToT a u r

♦  ♦ »*«

1 Tl 57 t : 6 * T7 8 .

Uiac 
flerats

*107

* i n o w  9 T * S  
Ball*

«e:l«l« 6 7 .0
Phi 111- 

P»*

*Sup«r 47 .0  
Giant*

*l^a .R . 94 .0
C . P u l l * *
ing*

*Pink S6.0

clouc( '

2 .0 1  Ovata, 13 .7  
ainuata, 
apax 
obtuaa

1 .66  Clongata* 16.0  
lacarata* 
apax 
acuta

1,71 E:iongata»11*0 
ainu=it8« 
apax 
acuta

1.76 Clon9ata«14*7 
ainuata* 
apax 
acuta

1.40 tlongatBt 1S*7 
ainuata* 
apax 
acuta

incurvad Tubulir* uppar 
half opan and 
boat ahapad

Incurvad Tubular*opanad 
at tha tip

Incurvad Lhannalad, 
boat-ahapad

Intar- Sitrapa flat
laadiata and tuiatad

Incurving S t r ^ a  flat 
and boat 
ahapad

6 .2 x 0 .2  Uhita 4baant

9 .7x0  *8 Sulphur Abaant
yallow 1 /3

S .8x 1 .2  Lanary ^baant
yallow ? / 3

6 .7 x 0 .S Uhita Intaraparaad 
uith raya

7 .2 x 1 .3  Pd«tal ^baant
»auva 433 /3



T a b l«  I I  c o n td *
- u ----- t :— 5 7 6 * a* 9 *

cv.n27 90*6  1 .66  eiongat«t 15 .2  Incurving tktr^ps channw- 6 .7x 0*6
lacarata, li«d  tips
apax cur v«d
^ u t «  Inwards

c« .n 33  5 9 .5  1 .5 5  Owats« 12 .0  Incurving Uutar tubular b .O xO .S
Xacsratst
apax
acuta

innar
channallad

•I»par- 54 .0  1 .67  Clongata, 15 .2  RafXaxad Louar half of 6 .? x 1 .0

l a r slnuatst 
apax
acuta

tha ray tubular* 
uppar flat

•Daa* 53 .0  1 .56  Clangata» 14 .7  Raflaxad Strapa flat and 7 .7 x 0 .8
Inclaady 
apax 
obtuaa

auord ahapsd

*Prasl 6 3 .5  1 .14  Owata, 17 .2  ffaflaxad flat  stri^a* « .7 x 0 .6

dant 
Vlgsr*

s l n u a t s y  
apsx 
obtuaa

uppar and 
diaaactad

* l ^ l s s
m a u d
J a f f s - *
rlas*

slnuata,
^ a x  
acuta

atraps ulth 
^ Inw - llka  appan- 
daqas at tha 
uppar and

inaida, 
amaranth 
roaa 530 /2 , 
outslda 
paatal »auv4

4 3 V 1
Hurpla

632/3

toncaalad

Pronlnant

White ProMlnant»•«

Inaida 
orchid 
purpla 31/1 
outar orchid 
purpla 31 /3

Abaant

50 .0  1.78 Clongata, 16.2 f?«flaxad Flat, twistad a.2x1.4 Whits 4baant



T a b l «  11 contd*

— T -----t : — 37 TT 9 . 10

*Otc»« SO.5  1 .?S  9*7  PoMpon Flat straps

Z a k u r a *

• f  r a d  
Yula«

almaata*
apax
obtuaa

2 9 .0  1 .92  Ov^ta* 8 .2
aimiate, 
apax 
obtuaa

^>o«ipM riat atrapa

Chan- 32 .S  1 .88  Uwata* 14 .7
ghialchan* ainuata»

itf>ax
obtuaa

*Undaun-79«0 1 .78  tlongata* 13»2
t a d ' partad»

apax
acuta

Irragu-
lar

*naIo- 90 «0 1.82 ClofigatatlS.O Spidar
dy lana* lacarata» 

apax 
acuta

flat  a t r ^ a  
with diaaactad 
anda

Tubular ulth 
diaaactad and

4 .4 X 0 .8

3 .1 x 0 .9

Irraqu- Tubular ulth a,SxO»9 
X^r diaaactad anda

* C r ^ a  40*0 1 .64  Uvata* 12 .0  Irragu- Out«ir tubular 6«Sx0 .6
qoul* almiattif lar innar flat

apax acuta

6»2x1 .0

7.3xO»S

^oaa pink Abaant 
2 8 /3

C ac*iluM  A b a a n t

o r g j s n g a  9/*%  . 

i n a i  d a  • L a a o n  

y a l l o w  4 / 1  
o n  b a c k  a l d a .

Inaldo M rl-  Proainant
gold or in^a
11 /3  outar
Lgyptlan buff
407/2

Inaida toncaalad
orc*ild purpla 
3 1 /3  outalda 
itauvatta 537 /3

Znalda patunia 4baant 
purpla 32/2 
outalda orchid 
purpla 31 /3

^uIphur 
yalloy 1 /3

Rttducad



T a b l «  11 c o n td .

“ t : — --------- 37 t : ------------i r r t :

CV.U14 8 7 .S  1»4S M««rly 17 .7
ovat«»
•inuata*
apax
obtusa

CV.Y15 30 .0  1 .62 Clongata, 1S .0
l a c a r a t a *
apax
acuta

CV.U2 6 1 .5  1 .66  Ovata* 14*2
lacarata»
apax
acuta

C¥.U1 57 .S  1 .56  Naarly 15 .5
o v a t a t
lacarata^
apax
acuta

*riah 4S.0 1.97 eionQata* 12.2

Spldar

^ p l d a r

wuillad

w}ui X lad

Tall* lacarata» 
apax 
acuta

tacinl-
niatad

*Pink 6 2 .5  1 .66  Clonoata* 13*S Spo«m
Caakat* ainuata^ 

apax
obtuaa

Tubular9Mouth 
of uhich ia 
blllppad

Tubular with 
blllppad wDuth

a.

8 .6x0  .2

7 . 8 x0 . 1

Tubular* tipa 6 .7 j«D.4 
opanad

TutNilar, tlpa 5 .4 x 0 .S  
op anad

Tutelar florata S . 7x0 .5
witn apax
variciualy
diaaactad

TubulaTf 
apatulata

6 . 4 X0 . 3

t : I f f T

W h l ta  ^ h s a n t
^ «  « « • .

HurauUna Prealnant
1/2

k ^ K l t a  P r o a l n a n t

u
u

i h i t a ^ o A i n a n t

HAaranth 4baant 
f^oaa S30/3

^ • • t a l  ^ O A i n a n t
nauva 43 V  3



T « b l «  I I  contd*

- n ---------------r . — 57 17 a. n r :

S w l l  c u l t i v r «

*Para 68*0 1 .36  Uvata* 6«B 4ne*one fla t  atrapa
goft* lacarata, 

apax 
acuta

* Oain* 44*0 1«9S tlongatat 6«0 Anamna Tlat atrapa 3*0x1 *0
ty Malfi* alnuatat

apax
olstuaa

3«BxO*6 ff«y chry— ^roainant 
aanth«nu« 
criaaon i24» 

try- 
thrlta ^ad 
0024 /1

branga buff ProMinant 
507/2  ?

32 .0  1«61 Clofigata* 1«9 Button fla t  atrapa
put* alnuata* 

apax 
acuta

• Phy- 3S«0 1«B2 Clonqata, ^3.2
l l l a ^ ainuata* 

apax 
acuta

C ii% a—
raria

0*7jtfJ«2 Canary t-oncaalad k?
yallow 2 /1  «.

riat  atrapa 1.6xO«S Canary Prowinant
yaiiou 2 /2 5

*3a a a ia U 0 .0  2 .1 9  ilonQata* 3*0
alnuata,
apax
acuta

Cinara-
rla

*rra»- 90 .0  1«60 Ovata* 4»2!0 Oocor^
ainuata* tiva
a p a x y  
obtuaa

f lat atrapa

r u t ,
incurvad

1*2 )A ,4  Chryaantha— Proainant
mxm crinaon 
824 patal 
■^rgina auraolin 
3 Uiac ><aaturtluM 
rad 14/21

1«tt)rf)«4 i>raadan ^ronlnant
64 /2  yaliou



Tabls 11 contd.

— T ---------- 5 71 . T r ~ T T t : a . 9 . IT T T

*H i»ani*S5 .0  2 .3 4  Clon9«t«t 3 .9 ^
• i n u a t « 9
«P«)K
« c u t «

«C«ndIa 4S*5 l.ftS Ow«ta, 6 .S
Light* ainu«ta,

apax
Qbtusa

*Ch«ra* 3S.Q 1 .6S  C. longata, 4 .2
•Inuata,
ap«x
obtua«

r- 41 .0  1 .37  Ovata» 4 .0
^  s i n u a t a t

apax
obtuaa

•Laura* Sl.O  1.90 tlongata, S .S
lacaratat
apax
acuta

*nolly* 45 .0  1.60 Cvata* 3 .0
a i r H i a t S f
apax
acuta

Doubla Uutar f la t ,
koraan innar tubular

l ^ u b l a
koraan

Oacora-
tlwa

StalLata Tlat atrapa* 
and twiatad

2 . 1 x0 . 3Uutar flat*
atrapa«uppar
qulllad

Tulatad atrapa 1»6x0»3

Stallata Tlat atrapa 2»1 )^ *6

3«0jc0.7

Incurving fla t  atr«pa I .S x O .S

T ip loMon Proflilnant 
yallou '4/2

flagnoXia R n due ad
purpla '33/1

^ l a u v a
6 3 V 3

SMall

Cardinal Mroalnent
rad 822 b^aa^ 
top chroaa ••
yalLow 605

:sulphur ^ronlnant
yallow 1/1

Lhryaantha- f*ro«lnant
rauM crloaon
624/1



Tablfl 11 contd*

— ------------ r .— 3. •yr 6. T T t : T f f T

*r«rHiy* 43*0 1*S1 Ov«t«» 4 .1 0  Incurving Tlat atr«p«
•inuat«t
«p«)i
obtus*

*0olor«*4B .0 1 .S7  Ovat«« 6 .S  Korson rXat straps
ainuata» ( •in q l« )
apax
obtuaa

CV.M9 S1«0 1*64 CXongata 4«6 Koraan Flat atrapa
inclaad ( alngXa)
apax
acuta

*Talr 90«S ?«27 £longata, 4 *6  kiillad Tubular
Tuck* lacarata

apax 
acuta

•Oonald*9Q*0 2 .37  Clongata* 6 *5  OuiXXad TubuXar
Xacarata
m 0m n
acuta

CV.S6 40«0 1»S7 Uvata S .a
lacarata*

n.ti I »fe-

SingXa iiingXa row of 
(otripad) flat atrapa

2«2 x 0 ,6  Lrythrita Proaln»nt 
Rad 27 /1

3«lx0»6 Li«pira
yaXlow 603

1•7x0*6  Blood rad 
9 2 1 / 2

3»1x0*2 SalMon 
41 2 /3

Prcminaot 
with ray 
litca out 
growth

M r o M i o M n t

Pro«in«tnt •>

ki

2 •7x0*2 Egyptian Proiainant
b u f f  407/2 
aignaX r a d  

791 /2  a t  t h a

M o u th  o f  t u b a

2 .Sid) *7 Straaka*- Proalnant
Lrythrita Rad 
baaa Canary 
yaXXow 2 /2



T a b le  IX contd*

1- 5. S 4-- 5- e- 7- 8 ■ 0 . io

cv»SS 38*0 1«3S Ovat«» 
•inuata 
ap«K
obtuaa

6 .0 ^inqX«
(Stripad)

r i«t  straps 2 .9 x 0 .7 Auraolin 
baaa 
atraaka 
Lbryaantba- 
mum crlaaon 
824

Proainant

*3 m h * 46*0 1 .86  eion9«t« 
lsG»rat«t 
npax 
obtu««

6 .5
qulllad

lipatulata 3 .0 x 0 .3 thryaantha~ 
mum criaaon

824/2

Proainant

«a



U o w rie k  (1 9 9 3 )  a n d  b l» p « c in  3 JL• (1 9 9 B )

f o u n d  m e o r r « l a t l o n  b i i tu s a r t  c o p l t u l a  mizm a n d  t h «  

c h rO M O scm  n u » b a r  a n  i n c r a a a a  i n  c a p l t a l a

d i a n a t a r  y l t h  a n  i n c r a a a a  i n  c h r o « o a o « a  n u n b a r *

Again no atich eorralatlcm uaa foi/id fron thm raault 

of tha praaant atudy. Uhila tha capitulun aiza can 

ba ineraaaad or dacraaaad uith cultural practicaa, 

undar idantical conditiona in tha gardan, tha 

diaMatar of tha flowar haad uaa a«allaat (1 *0  c m )  

in a haxaploid (cv« NN3), uhila tha largaat flowar 

haad (23*0 eai} uaa found in cv« ^30 (2n m 6a ♦ 2 ■ 

Houavar# tatraploid *Liliput* had a dia»at«r of 2*1 ca 

and octoploid *Uhanqhiakhan*, only 14*7 on. In ganaral* 

tha a«all flouorad cultivara tand to hava louar chroMoaoai 

nunbara ranging froa 2n m 36 to 93 and larga flouorad 

oultivara ahouad highar ohrowoaoMa nuMbara, tha rviga 

baing 2n *  93 to 72 ,

I t  i a  a p p a r a n t  t h a t  I n  t h a  a t r i o t  a a n a a  

g a r d e n  o h r y a a n t h a « t « i a  (4x<-6m ), t h a r a  i a  n o  c o r r a l a t i a n  

b a t u o a n  t h a  M o r p h o l o g i c a l  d i v a r o i t y  a n d  c h ro « o a o M a  

nuM bar*  Tha p r a a a n t  day fo rM a  haw a o r i g i n a t a d  froM  

d a i o y - l i k a  p r i M i t i v a  t y p a a  a n d  d u r i n g  d o M a a t i c a t i o n *  

h i g h l y  f l o r i f o r o u a  t y p a a  haw a  b a a n  a v o l v o d .
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3. POi-HWATlUW fig.HANlSn ANO BRC.t.OING SYaTtH

An undaratandlng of th« brooding nytwm of 

a •p «c i««  hmlpm In ■tandardlaing brsaiiing Mthodalogy 

for ganatlc upgrading on tha ona ^and» and in unravalllng 

ita avolutionary aachaniava on tha othar aida* Tha typa 

of braadinq ayatan a .g . typa of pollination and rapro- 

duction datarMinaa tha aMtant and natura of ganatic 

racowbination and adaptiva changaa poaaibla in tha 

faca of changing anvironaiantal oonditiona. ObviouaXyt 

tha braading ayat«» of a apaciaa axarta an influanca on 

ita avolutionary potantlalitiaa. With tha halp of 

availabla litaratura and praaant obaarvationa an 

attaapt haa baan nada to undaratv«d th« pollination 

and raproductiva ayatasa in tha gardan chryaantha»uaa«

AHong othar faaturaa tha typa of pollination 

in m a t  caaaa ia corralatad to worphology and colour 

of flouar, ralativa langth of tha atyla and atawanat 

tina of anthar dahiacanca* racaptivity of tha atigwa 

and inconpatibility ayatan.

Ubaarvationa

taoh Lhpyai^nthawuw capituluw conaiata of 

■any individual flowara callad •florata*. tha outar 

•howy o n . .  - ’ r * y  f l o r . t . '  ohich a r a  ■ o a t l y  f a » a l a
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with wall d0V«Xop«d bifid  fltigHfi and innmr tubuXar 

on«t - 'd isc  florats* uhich mtm blsaxuAl. Th« di«e 

flortfta usoaliy c«rry fiva adnata atjiiwia arai^d tha 

atyla.

In chryaanthaMuna tha capitaXun naturaa 

cantripataXXy and fXowara opan ona by ona from  aarXy 

narninQ t i l l  Xata Noura of aftarnoon. Thia la foXIowad 

by tha dahiacanea of anthara and tha racaptivity of 

atiqMa* Tha atyXa Xangthana until tha atlQMa at tha 

top puahaa tha anthara caualng ita dahiacanca. Tha 

atigpKatic arna carry aoma (quantity of poXXan on ita 

and. Uhon tha poXXan ia conpXataly ahad, tha two 

atigmitic 4rna curva outwarda axpoaing thair atioky 

raca»itiva aurfaca. Tha fXowar opiming, dahlacanca of 

anthara and racaptlvity of atigpna ara aubjoctad to 

tanparatura ehangaa, baing aarXiar on warm dry daya 

and a XittXa Xatar on cooXar daya*

tha ouXtivara of gardan chryaanthaMun ahoy 

m Mida ranga of fXoraX norphoXogy. Tha conapicuouanaaa 

of capituXa and fXorata, praaanca of a Xarga quantity 

of poXIan and fragranoa attract a Xarga nu«h«r of inaact 

poXXinatora* ‘Jndar tucknoM condition, honoy baaa ara 

tha pradowinant viaitora and awaXX inaacta* uai$>af BOtha,
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buMblfl b««« and rHittarflittS u«r« ulmo  found to visit 

often. Uhila oollacting pollan and Konay, thay carry 

conaidarabla anotjit of polXan on thair body which ia 

trfinafarrad from ona plant to anothar* Houavart larga 

fXowarad oultivaro uara aaldoa viaitad by thaaa polli­

nators* Tha concaalad diac florata and tha nachanical 

barriar cauaad by tha anorMoua langth of corolla tuba 

of tha ray florata and vary anall aiza of tha atyla 

pravont tha inaacta fro* raaching tha atigna (Tig* 49)* 

Mouavatff i f  tha long corolla tuba of tha ray florota 

ia trinnad off and hand pollinatad» thara ia auffioiant 

aaad aatting*

L o n c l u a i o n a

From  t h a  f o r a g o i n g  d a a c r i p t i o n  o f  p o l l i n a t i o n  

M achaniaM y i t  i a  c l a a r  t h a t  c h r y a a n t h a » u »  c a p i t u l a  a r a  

a d a p t a d  f o r  c r o a a - p o l i i n a t i o n  a a  i a  t h a  e a a a  w i t h  M ia t  

o f  t h a  MaMbara o f  C e a p o a i t a a .  In  L h r y a a n t h a w i J i  t h a r a  

i a  a  w id a  r a n g a  o f  f l o r a l  m o r p h o lo g y  w h ic h  i a  a a a o c i a t a d  

w i t h  o u t - b r a a d i n g *  T h a  c a p i t j I um o f  L h r y a a n t h a w u g  h a a  

c a n t r i p o t a l  d a v a l o p w a n t .  T h a  c l o a a  a a a o c i a t i o n  o f  n a n y  

f l o r o t a  r o n d a r  t h a  c a p i t « j l u H  w o ro  c o n a p i o u o u a  a n d  t h a  

o o n a p i o u o u a n a a a  i *  f u r t h a r  i n c r a a a a d  b y  t h a  c o l o u r  

p o ly w o r p h ia f f  a x h i b i t a d  by  t h a  r a y  f l o r o t a .  T h a  d i a c
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florats mrm numarous in typ«« with s in g U  «nd mvmi^ 

ctoubl« capitula and th«r« im frmm accoaaibllity for 

a ll  inavct visitors. Uutbraadlng ia furthar naintainad 

by protandry and tha cantripatal Maturation of tha 

capitulun* Tha actiata anthara forMing a cylindar 

arotjid tha aty U f dahiaca introraaly and tha pollan 

is carriad out by tha growing stylo which is «ada 

avai labia to tha pollinator a* Thus tha floral 

organization in gardan chrysanthaMun anauras high 

dograa of croaa-fartilization, which according to 

Grant (19SS) and iitabbina (1957) anauraa grsatar 

ganatic variability through raco«bination in hataro~> 

lygotic individuala.

^nothar widaspraad ganatic davica favouring 

outbroading ia salf-incoMpatibility. Tha Chrysanthawuw 

spacias ara usually salf-inconpatibls which has bsan 

racordaii for apaoiaa such aa C , cinarariaafoliuw*

£ • !K H _lnoi,  wAka^sasnaa ( r r y x a l l ,  1957) a n d

k* -CJirinaituB ( 3 a i n  a n d  G up ta»  1S60) • T a n a k a  (19S2) 

o b s a r v a d  a s l f  s t a r i l i t y  i n  p o l l i n a t i o n  a t u d i a s  w i t h i n  

d i p l o i d  a n d  t s t r a p l o i d  s p a c i a a  o f  c h r y a a n t h a « u a a  w h ic h  

u a a  a t t r i b u t a d  t o  a a l f - i n c o a p a t i b i l i t y .  f r y H a l l  (1957) 

f o u n d  a o f ls  d a g r s a  o f  a a l f - c o w p a t i b i l i t y  i n  L .  J j i f i o n e n e e ,  

£ •  o r n a t u w ,  p a c i f i c u w ,  £ .  ^ I w o g i k u  a n d  o n a  o f  t h a
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sp«ci«« of Modarn chry««nth«nuns, C . lndlcuw» 

fryxail (1VS7) r«port«d conpI»t« ••ir-lnco«patlbility 

In tatraplnid far»« of C . indicuw. whllo th« hoxiipXoida 

•houod slight aolf-conpatlblllty* flulford (lf>37) and 

Tanaka (19SZ) obaarvad aalf-eoMpatlblllty In cultlvara 

of C'* worlfolliot Howavarf thara la no explanation 

offarad raQardlng tha natura of IncoMpatlblllty. Oaln 

and Ujpta (i960) and Brayar (1974) aatabllahad four 

Intra cowpatlbla groupa In cgrln^tunt and propoaad m 

aporophytlc Incompatibility ayataa Involving 2 loci. 

Similarly Browar and Parlavllat (1969) auggaatad a 

aporophytlc ayatam for t .  clnararlaofoll^f»«

Draw low j|t jJL. (1973) atudlad In datall tha 

nntura of aalf-lnconpatlblllty In haxaplold cultlvara 

of C.» morlfolium and concludad that It  la oporc^hytlcally 

controllad and tharo ara moro than ona locua* Hara, 

aalf-lnconpatlblllty la atabla avan at polyploid laval 

and atarillty la no problam aa tha cultlvara of 

£* mqrlfqlltf? «ra partmnlal and propagation la through 

vagatatlvo maana*

Fryxall (19S7 ), though un«bla to offar an 

axplanation, obaarvad that thara la alight ■«lf- 

compatiblllty In g a r dan chryaanthamuna* Thla la furthar 

aupportad by racant atady of Ronald and Aachar (197$)
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who rvportad thjit tH«r« im aoma dagr«« of ««lf- 

eoMpatibillty in £ • w orffoXlm * Th«y offorod tN« 

•xplanation th«t tho braakdoun of aalf-lnco«patibiUty 

la SAUaad by mutations of Major 9onaa (awitch gan»a) 

controlling *S* allalaa*

4 . LYTOUiCV

Upto 1901, out of naarly IbQ apaciaa of 

tha ganua Chryaanthawuw, 103 apaciaa hava baan cyto- 

logically workad out (Tabla I H )  • Tha chroMoao«a 

nunbara in diffarant cultivara of ■orifoliUB cooiplax 

including tha praaant atudy hava baan aunnarlaad 

aaparataly in Tabla IV .

Tabla I I I

c»f!uno3onc mjmtn in CHftYsawTHcwjH sPLtits

Taxon 2n Rafaranca

I 44 t

L* L . 18 Skalinaka at 19S9;
favargar, Wft4C|
Polataohak 1966a«

18 ,36  I ontandriapoulOBt Fawargar*
199$ (U*196l}} Tavargart 
1962ct T its , 196S«

36 Lhiarugi 1P27a«b|
shiMoto«iait 1937b| 
Polatachak, 1966b.
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T«xon 2n R «raram :«

C . anathifoliuw 
L a o h  t f t  r t « r t h «

<phrodlt» 

C* arctlcuw L«

k *

t .  a t r ? i t i f w  0 « e q .

£ • baXa^wit^ t .

C* talpjnnatuw C*

16 Marling 1991a{ Caraan, 
19SBb, 1960b| Lindar, 
Lanbartt 196S{ Powall

S4 4ijna (^hlMoioHaii 1938)«

64 Troy, Wlnb«r9 1Q6B|
Oowrick^ 19S2b; Natarajan« 
1964.

90 Tahara, 191SatC; 1921.

18 ikiuriok, 19S2b«

IB ,27 i)owrlek, tl-Bayounl, 1969*

18 nahra« P*N«, lla»an«nclany
19741 thlnf)-l-P«nQ, 1977.

18 ShiMOtoffai, 1937b, 1938.

18 .36  Uowrick, 19S2b.

18 ,54  favargar, ViXlard« 1961a,
b, 198A.

18 Koul, 19b4b.
Uouriek, i:i--;)ayouii, 1969«

18, S4 Harllng, l9Sla; Uowrick,
19S2b.

S4 ShiMOtOMai, 1937b, 1938.

72 Packvr, lk:>^haraon, 1974*

18 Uourlck, l9S2b) Hrano,1968; 
{)owriok, tl-nayauMl, 1989; 
Scrugli, 1972| Tarvaka, 
T ^ a k a , 1974; Watanaba, 
1977a ,b .

18 ,19 Tanaka, 198Qa.

18 .36  Kanako, 1997^*
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Taxon 7n R « f« r « n c «

C* brou«son«ttli
S c v r ;  W p . —

ia Lart«n» 19SBb, 1960«,b.

£* Qriq «t c«v* IB

L* caXlichryaui Sivont 18

L *  c a w p ^ ^ o r ^ t * f i  ( ) - • • • • }  V o « a , 9 4  

®^1JdL9Q2& (^ch .H ip .) 16L* ^nflJdLS 
rhrTStT

L *  £ a $ A ! L l S H £  ^ c h o u s b .

C .  c « » a A t jw  

L *  C ’* t a n < n c h «

C «  ^ a r a *

£ *  c a y a t o p h y l l o l d a a  A l l .  

k* c lnw ra t rA aqfo l i iP  Via,

18

ia

18

3 6

S4

18

18,27»36

36,36^18

Guinochiit, LoQaoia* 1962. 

Morgan, 1974 *

Harling, 19S1a* 

taraan, 1960b»

T«hara» 19144^ 1915a,c«
192l| Marling, 1951a; 
Vllnorln, Lhopinai, 1954} 
Jain, Gupta, I960; SudHa, 
Bhatnagar, 1963f Kapoor, 
Tandon, 1964a*-d| KhaMankar, 
^ain, 1969; Rana* 1964a, 
1965b; F^ana, Jain , 1965; 
aiixt (in  LaHpracht, 1966}| 
Komari ^  1967|
Choukaanova at a l . 19bSai 
t)ttwrick, il-?layouHi, 1969| 
P«ria« Pradhan, 1971| flahra, 
P»N», Pamanandan, 1974; 
thaudhuri at 1976} 
Mraaant atu?y«

lourick, 19!Bb.

Oourick, 1952b.

thoukaanova 196Bb«

Shimtonaiff 1937b, 1938.

Tahara, 1915c, 1921; 
ihiaotoiiai» 1947b (t* 1961); 
Uovrick, 1952b; rujjiuara, 
1954| Kawatani at al*» 1956; 
Coral, 1962; Ko’T I, n .L * , 
1964a; Toalnagat 1*>68, 1969.

ToiKinaga, 1959, 1967 o

Praaont atudy*



I 4 7  *

Taicon 2 n ^ t t f u r s n c t t

£ •  coccinaui Wllld* 

£ •  C Q r o n « r i M »  t .

£ .

C .mm

t .

coronoplfolliy
^ h V  f t p  •

eor»lcuw 

eorywbosuw L .

t .

1 B ,1 8 < » f } ,3 6  

craatuw Kltanura 89

3ft

C .

18 i)ourlck, 19S7b| rujiw^sra* 
19S4; ToMin«ga, 1968, 1969.

ia T«h«ra, 1914, 1915, C ,1921) 
l i h i iM i tc M ia i ,  T a k a A O t o ,  1 9 3 8 *  
1939; Clotow, 1939|Hartinoli, 
1943; Qlixt (in  U i^rach t ,
1966) I Liowricic, Ll*0^youMl, 
1969; Qranuall jrt a l . ,  1971; 
^ « r l a ,  P r a d h a n , " T * > T T #  1 ^ 6 {
Hordanatan, 1972; uuairoa, 
1973; SicruQli, 1973; flahra, 

ftawanandan, 1974;
Vanloon, 1974; Hhattaoharya, 
1977; Mraaant atudy«

18 ,36  ShiMotcMal, Mara, 1938b
(U . ,  195*i); lourick, 19S2b,

36 iicrugll, 1972.

IB Laraan, 1960a,b«

36 l-ontandriopouloa, 1964b*

18 Troy, Wl«bar, 1968;
H«Jovaky at a l*, 1974.

Oowrick, l9S2b«

^^atanaba, 1981c •

:>hl«oto«al, 1937b, 1938; 
nijok, 1985, 1960; Hurin, 
Vachova (X* dlov* fl»  X,
1967); Oaurlek, Ll-Bayo«jii, 
1969; Praaant atudy.

36 UhijiotoHai (KitaMura, 1987} •

72 Tahara, 1918a, 1921;
ShiMOtoMai, I^^SD, 1 9 :^ , 1933, 
1938.
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T«xon 2n Rdfvrflinc*

C .  a r u b « s c < n ^  

t* fiUfoliuHt Chri«t.

£ •  ^ l a y i f o l A u w  
“* r W f q .  and Link) 

P . Lout

L* ^^o>culo«uw

L* fo*nAculi»cau«*

C . frut««cani^ L«

£ •  qrawinifoliuw L«

L *  flakino

£ •  <^«t9roohylluw Uilld» 72

C* Indicuw t«

S4 t>owrlc}k, 1fS2b*

18 ^hlM0t0f«4l» 1937atb| 
1938.

18 uualrottt 1973

18 rtartlnoli, 19^2 (0 .19 iS )

18 H«rllng 19Slb{ Uirttfln, 
19S0b, 1960b.

18 3hliHota»««l, 1938t HwrllnQ, 
1981«; Lar««n, 199Bb, 
1960a,b| aowrlck, tX- 
dayduwif 1969t3batta- 
charya« 1977.

27 Tahara* 191Sd)E2ourick, 
1952b.

36 Praaant atudy

18 favarqiKr, 1967c.

18 T 4harx ( l«Hlk«wa» 1916}

42 Tahitra, 1921

54 bhinotunal, 1H33

favargart 1959b; favaroar* 
VilXard, 196Sa»b) 1966.

ravarQar* 1963b.

Harn, Uaat 1968

Tahara, 191Sa, 1921; 
ihX«oio«9ait 1933| 1938; 
dhi'yiotoitai» Harat 193S 
(L .1 9 6 1 ) ; bhXmotonaif 
Takanoto. 1936, 1939;
Takanotof 1939; Tanaka«
19S7; Uatanaba»1977.

36*54 Uouriokt 1P52b; Tanaka»
1952 (L . 1961} • 1955;
ShXfliotuHiaX at 1957; 
ii bX Mot <Mna X , ahi n At X V
I960.

74,74+1-38

20
36
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Taxon 7n ^ « fn r« n c «

S 4

*;• i n f  Qriroliuw Richards 18 

C .£ •  i r c u t i n ^ u w  T u r a z * 36

£ •  N a k a i

k* J»Po»ic|w riakino

t .

C .

£ •

C .

koranaunuw

l a c u a t r a

iatifoliuB (nax.) 
Kitagaua

C • lavandul^afoliuw

Uowrick, 19S3{ Tanaka,
19SS; D o u r ic k y  C l -B a y o ia n i ,  
1969.

Knabanp 1966; ;1uXliaan. 
Cody, 1973,

iihlMotottai, 1930, 1937b, 
1938; Mochar, Laraan,19S7a) 
ravarQsr, 1989b; favagar, 
ViXIard, 196Sa,b; Laraan, 
196Sb; Soatlok, 196S.

36,36'«’ia favargar, 1963b,

36<*^2-3Q«
36

54

□oryard, »1ailoch, 1967.

Tahara, 19lSa; ShinottMai, 
1933, 1938; Jourick, 1982b; 
Watanaba, 1972, 1977a,b .

72 Watanabtt, 1977a,b, 1Q8la«

54 ,72 ,90  Shlaotonai at a l . 1956,
1958. ~  ^

89 W at^aba , 1977a, b .

54 ,90 Kanaka, 1961.

18 Tabara, t9l4, 1918a,c,
192lf ShiiiotOHai, 1932,

54 iteuriok, t l-Bayounl,1969•

198 Oourick, 1952b; Natarajan,
1964; Troy, UiiNiar. 1968.

36 Laa, 1967

16 Harn, taa, 1068

18 Tahara, 1914, 1915a,c,
1921; Tahara, Shi«oto«ai, 
1927 ,1933, 1937b, 1938; 
Shimotoaai, TakaMOto, 1936, 

1939; Tanaka, 1954, 1955,



t so s «(

T«xon 2 n R «fiiranc«

L *  l « u c y t h ^ u w  t . IB Tah«ra» 19?1| Polya, 1°SQ| 
^ r t i n ,  iiKith, 19S9{ 3«lc»ayi 
1956, 1960{ Bostick, 196St 
CXickort, rav«rg«r, 19S6| 
TavarQar, Villard, 1969a»bt 
Uarson (L .n »lV «196S )> 
Hlndakova iJhrikova (l.SXov . 
r i .  1 . 1967); 3on«a ft.8 . 
1968b) Pryxwara, 'ichmaQor, 
1968, TayXor, ^ i l ig a n *
1966s 'loHra, P»M», 
^aeianandan, 1974.

2 6 ,2 6 ,2 7  fiourick, Cl-Bayouaii, 1969

1B«^3B 

I B ,36

ia, 36 ,54

18,36

S 4 , S 4 - ^ 1 - 3 Q
72

Ooruard, Halloch, 1967

rifihra, 1965;
Uadallaf Kli'i3!uis» 1966| 
Vaaahaug (Knaban, 1966a); 
'^X liqan , 1P66b«

tlowrick, 1982b; ’’lochar, 
Laraon, 19 57at r^iXXiQan,
1958, 19591 SkaXlnaka at 
19611 Lzapik (likaXlnaka mt aX 
1964. ; Cacak (SkaXinaka uZ  
1964).

f a v a r g a r ,  1963b. 

fav^rger, 1963b*

3 6

90

Tahara# 1915a ,b ,e ,d , 1921| 
Uhrt 0»t« , M a h o n y , 1935| 
tioQOdl, 1937b (T . 1910) { 
P h o u a d a r ,  1937; S h im o t O M a i , 

1937b, C.owa-A, Uova* 0» , 
1956bs GadaXXa, K l l p h u i a ,  

1963; O o u r i c k ,  L.X~HayoyMi, 
1969; Bhattacharya» 1**77«

fav^rgart 1962a*
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Taxon 2 n Pmfrntmncm

IB

w«icrophyXIimi 
"* tvaY'Tiit it If It •

C» wjicrotijn Ball

18

36

18

L* ^ t « u n .  «t Nakai 18

18 ,19 ,
27

36

k* warchaXill ^achara 18

C . warqlnatuw Wiq. 90

£• aajiii
U* wawiwwf* Pamonrf

18

S 4

^ 1 2

72

8 9 ,9 0 ,1 2 6 ,
148 ,184 ,160 ,

171

TaHara, 1921| Shi«otoHiai, 
1933} 1938} Shinotofliai, 
Takanoto, 1936,
Tanaka, ShJaiotaaal, 1961}
Laa, 1972} Tanaka, 1966*

Shinotonai, 1937b, 1936} 
i^ourick, 19S2b} Raaaa,
1953} Praaant atudy*

8roaoa-Sz 1970

t^arlinq, I^Sla} t>ourlck, 
1992b.

TaH^ra, 191Sa, 1921} 
ShlMOtoHal, 1933, 1938} 
Shlnotonai, Takaaoto, 1936, 
1939} Jourick, 1993; SHlalxu, 
1962a} Watanaba, 1977b.

Tanaka, 1999b.

Tahara, 1919a,c,d}
Huzluara, 1998c} Shiwizu, 
1962.

Lhoukaanova j|t lU . 1968a.

Tahara (Xahlkawa, 1916),
1921} Tahara, Shimitoiiai, 
1927} ShinotoMal, 1931, 1932.

iiourick, 1992b.

8aka)fcay, 1996, 1997a.

ShiM toM al, 1938.

FavarQar, Vlllard, 1966.

□ouriok, 1992b .
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Taxon 2 n R«f«r«nc«

£* wlllafoliatuii

iWiWitliansii L» 

C* nontjinu« AI lion i

C« •orifoliuM

k* Iticaula Dsflf*

£ •  wyconia t .

£* nippon iouw

5^90 HarlinQ, 1951a,

lOB ravarqar* ViXIard« 
1Q65a,b,

ia»18^B itewrlckf 1952b*

35,36 Fav^rgar* Vlllard, 
196Sb«

54 ravargar, 1959h| 
Favargar* Villard^ 
1965atb.

5 4 , 54+ 1-3a Tavargary 1963b*

42 T tthara

54 TaHara, 191 Sc|
ihlMotoaal, 1931,1932, 
1933; Uouriokf 1953.

54 ,56 Tahara, 1915a.

IB Harling, 1951a;

flHattacharya* 1977| 
Praaant study.

IB Tahara (lahikaua, 1916), 
1921; Harling, 1951a; 
Oourlck, 1952b| }ouriok, 
fll-^ayounl, 1969;
Praaant study.

18 Tahara, 1914, 1915a,c , 
1921; iihl»otc}«al, 1933, 
1938; ShiwotcMiai, 
TakaMoto, 1936, 1939; 
(Jowrick, 1952^)Tanaka, 
ihiaoioaal, 1961; 
Natarajan, 1964; Tanaka, 
V^6 6 ; Uatanaba, 1972; 
Praaant study.



t S3 I

T«xon 2n f t a f s r o n e a

£* Braun 8 I«nqu«t
at rtalm

£ •  ora^tlcuw Hord*

£* ochrolwucuw sch, 9ip«

£ •  okl«n««

£* Or"<tuw H««al«y

£ • Nakai

L* 3«Ciay

£• pjiludoauw

£* p-*,r t h y l u w  ( I.* )  Banth<

18

18

18

36

36

54

72

90

90

S4

18

18

Harling, 1991a|
ttowrlck, 1952b*

Bhattacharya» 1977

U r  van» 19S8b» 1960atb| 
Bhattaoharya* 1977•

ShlMotonai 1997|
^hinotoMai 
I960 .

inarip

18,27

36

Jourlck, 19S2b.

Oourick, 19S3.

ShinotoMalt 1933, 1938| 
Kanako, 1961{ U^tanaba, 
1972, 1977a,b , 1981b,

ahinotOMai, 1956 
(KltaMura, 1^51) •

T^hara, 192l| :>hlMotoaai, 
1933, 1938; Kanako,19S7, 
1961t Watanaba, 1977a.

Oochar, Laraan, 19S7a{ 
favargar, VllXard,
1965a,b .

Praaant atudy.

ihinotoaai, 1938;
Narilng^ 1991a; iJourick, 
1992b; Turnar at al«,
1962; Oowrick, uI^ayauM lf 
1969; .^uairoa, 1973; 
Mraaant atudy*

Gupta, P*K«, Agarwal,
1972.

Uowrick, 1952b,
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Taxon 2 n

C* pr4i<t«rltuw 18 Jowrickf &I-8«youtti| 
1969,

L*  ̂ 36 Laraan. I960« ,b .
(tall*  at Barth.} 8 ranan

L *  Pvranaclcuw

L* (Wab. at Morris)
3ch . a ip .

rotundlfoXiuw Ualdat.
•t  K it ,

£ •  r u b a i l i m  SaaX y

£* f^P««tra liatainii at 
K D l d z *

L* ••q«tyw  t .

C* aTOtinuw  L»

72 *)hrt (T . 1927).

18 Tahara, 1914, 1921.

IB ihinotoiiai, 1937b« 1938; 
Ualalo (Skallnaka at a l » 
1989a) . —

S4 Jowrlck, CI-B«you»l,
1969.

63 nourick. 19S2b.

70-80 Harling, 19Sla.

18 Suqiura» 1936a, 1937at
N a g ^ i ,  1957 ( I .  1957) | 
Tanaka« ShiMOtonal*1961•

19 Kitaoawa, Naqai"!* I960 .

18 Tahara* 1921> Tlaohlatt 
1934; Rhowadar, 1937; 
^ i«o to n a i»  1938; Oalay, 
1947) Marling (T .19S0)} 
flijak, 1960t Gadalla* 
Kliphuia« 1968c{ 
3trathar, 1972; tlohra, 
P .M ., Rananandan, 1974; 
(Ihattaeharyat 1977; 
Praaant atudy.

18»36 Uourick, 19S2b; Uauriokt 
Cl-aayouii, 1969.

18 Oourick, 19S2b« 8akaay» 
1*358; Hindakova (l.iiolov 
fl*  X. 1967 ).
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TaMon 2 n Rafttrsncs

E* Haklno

E* Kitam*

£ • flfaitlcuii riach. 

t • ■llvaticuw

L *

C. •tibcoryffibomin (!;»chur«}
Back*

L* toqj^kuahianni 

C • towantoauw

C . ^r^furcituw 0« « f .

54

4 9 * 5 3 ,
54t55

90

72

72 ,00

71-76,76-00 
86-92, 94

90

18,54

54

80

18

54

18

18

18

ShiMotOAsi, 1933, 
1938.

lua«« j|t 1972

Uourick, 1952b«

Hara, nori, 1935;
Kanaka, 1961, 1962| 
Watanaba, 1972.

Shi(«itoMai, at al«
1968.

Shiffiotonai at a l .
I960 .

it'aianaba, 1977b.

ShiMizu, 1958a( 
ShlMotonai, Hara,
1935 (U . 1955); 
3hlnoto«al, 1938.

Oowrlck, 1952b.

i)ourlcfe, 1952b.

Bijok, 1955, 1960.

Kltaoaua, MagaMi,
1960.

Lontandriopouloa, 
Tawargar, 1 9 5 9 ,( I .1 9 5 9 )| 
tontandriopouloa,1962.

Raaaa, 1957

Dourlck, 1952b.
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L* vi*<ut»<wui^

wi«cidi"hirtu» (Schott)
Thall.

£ •  vi«co»uw L .

C» VMloara B«»h*

£* Shlnoto»«i

£ • uabbll

£• w y r ic ^ ii flyiab* «t
r t l y a k s  

£>* n««kaua

£ • YO«^^i»<iQ«nthiia
** f^kTno ax K l t ^ «

36 Natarajan, 1964

IB HarXing» l9S1a{ 
Oowrick, 19S2b.

IB Battaglia, 1951•

IB .34, 
36,37

18

27, 34
36,72

36

18

54

90

36

Ucwriek, Ll-Bayouni,
1969.

Poaanbarg, 1^05; 
Shiniotonal, 1937b,
19 38} iiokolovakaja 
at* S« 1941| Vaarama, 
1943; Harling. 19S1a| 
Suzuka. 1953 (!«19 56 . 
buppl.J; Tanaka, 
ShlMotoMai, 19611 
tioraa, 1962| Virran- 
koaki mt i|l« 1969.

Tanaka, 1959c.

tihlnotamal, 1938| 
Oourick, 1952bt 
Tanaka, 1957.

Harllng, 1951a.

ShlMotoaiai, 1933, 1938

ShlMOtOMal, 1933, 1938f 
Oourlek, 1952b.

Matarajan, 1964| 
Shi«otoMai (Kitanura, 
19S7)t Tanaka, 1957, 
I960 .
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T axon 2 n R«f«rane«

C* M uadskli Msrbich. ia ShiQanaga (ShiMixu,

36 H«rn, 1967b| 
rtsjovsky at t^74«

54 Uhif^mnnqm (Klt«mur«iv 
1987)) 3hinisut 199B«« 
by 1961) Y^nanakav 
^ r ia h it a , 19S8t 
Piatrouici (bkallfiaka 
at al* 19S9)) SHlMiiu» 
W e T T  L-a, 1967) 
Watanaba« 1972•

4S-67 ShiMotOHal» 19301 
UouTiok, 19S2b.

72 Shi«oton«i» 1937b, 
1938.
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TabX« IV

CHRQflQSUilL NUliatff IH GaROCN CULTXVARb UT LHRYS^NTHtHOft fW lruLHiW

T axon 2 n R«f«r«nc«

llv

auXkaly r^wily 

• f l r o n i « *

*0«rk Mink* 

ar«nd< Talbot Tawlly

*Br«nd« Talbot*

S2,B4»S5«S6tS7,56 Iwaaa j|t <|1« 1972

S 4

35

5 9

*dronza*

* Incurving*

* Incurvad Roaa*

Fawourita fawlXy 

’ Shuffila*

*GoIdan*

*Daap Pink*, ■Coldan*

*Uhlta*

*Oaap P ink ', 'Tavourita Supraao* 55

'a ro n za ', *Rad ^Ironxa* 56

•Prlwroaa* 57

f J A l

*frad ShoaaHlth* 5 4 ,5 6 ,5 7 ,5 8

53.54 

52 ,53

54 .55

46 ,47  

5 3 ,5 4 ,5 5 ,5 6 ,5 7  

54, 5S

54,56

Sampaon at aJL« 1<958

(kiwrick, Cl^aayounl, 
1966a.

t • > « n

Uowrick, 1953.

i)owrlok, i;l-8ayou»i, 
1966a.

Dourick, 1953.

II ft

Uourick, Ll«*Bayouaii, 
1966a.

* Apricot* 56 ,57 ,56
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Taxon 2 n f^afurcncs

*rior«nc«* S4 ,S7 ,S8

*Y«ilou* S^,S 8

■Goldvn* 5 6 ,S 7 ,58,60

Indiqnapoila rjyiXy 

*Goldan Bronx«*

*Oark Y « U o u ’ , *Gold«

54

56

57*Aprieot*, *ttronr«*,
*0«rk Bronxs*, *lMprov«d 
whita*, •Pink*, *Whlta*, 
•railOM *, •YaXlou L .t .r . *

'Cold ' S4

'Hookad Vallnw’ , SS
*ijuaan*a Laca*

*Yallow' 5S,56

Lovallnaaa fawily

'Rronzs* 52,54

•Lilac* 5 4 ,5 7

*4Mbar*, 'A prico t ', 56
* l4ivlinaaa*, *PrlMroaa*,
'Purpla*, 'Salnon*,
'Salnon flronia*

•Whlta* 56,57

rawlXy

•Rad* 57

*rioranca ffaada*, *Yallow* 60 ,61

Uourlck, i; X-Rayounl, 
1966a*

Sanpaon at i^X. 1958

M •  fi

iaapaon j|jL. 1958

•* ► w

Oowrlok, 1953 

» •>

Oourick, 1953

M •
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T « x o n 2 fi

Hjiatarpiwca F—liXv

*Bronia*, *0«rk Sronza't 
'nastarpifies*, *Roa«*» 
'Salnon*

liT U d y  F m i U  

• R « d »

S7

34

•ny Lady* 53 ,54

'Apricot* S4*Sa

Hmu9 r — IXv

*Oatrolt Naus*, *Ci)od Naua* 56 

Pockat rawilv

*Loulta*, *YaXlow\ 61

*Tho«as U . Mockat* 58,60

Pr.incqa *^nna r<^ilv 

'CrttMi'

•Apricot* 

'Princaa Anna* 

*Yallow*

■̂ uaan fawlly 

*Jaan CXizabwth* 

'Orchid Uuaan* 

*Bronza Orchid’

S 3 ^ f

5>1~2f,54'«^f 

Sl,S4tSS 

53, 55

57

56 ,57 ,58

57,59

•C ry stal ', *a«rk Orchid* 58

* Lavandar' SB ,59

SaMpaon jit 1958

Uoyrlck, f.l-BayouiBl, 
1966a.

iaapaon at j|l. 19S8

Saitpaon £t 1956

Oewrlck, CI*9ayouM, 
1966a.

SaiN>«on «t a l # 1958 

» m m

m m

m m
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Ta»on 2n Rafaranca

^•yonn^nte r«aily

M M b «r%  *YeH ou ' 53,54 Qowriek, Ll-Sayounl, 
1 <)6 6a.

•Whita* S3, 54 .55

•flronza* 55 V ••

'Rttyonnanta* 5 1 ,5 4 ,5 5 ,5 7 •1 »

3h««th« Taally

*traan* 55 :ia«paon ai» 1958

*Yallou dhastha* 56 •• •» «r

bu««t Ma«rt rsMliy

'Oronga* 5 1 ,5 4 ,5 ^ ,5 6 ,5 9 Uowrick, 1953

*S«lnon' 53^54, 5f> ft »

'Oranxa'y H«art* 5 4 ,5 5 •r It

'Apricot*, *Ca«rton*, 55 
•P»i«ch*, *P««rl*9 *R«d*

K m

' Gold«n* 56 » »

Turnar F«Mlly

•aron*«* 59,60 Sianpaon at al* 1958

*Y«llou« 60 91 » »

'WilliaiH Turnsr* 6 0 , 6 1 , 6 2 •» H Ik

'twa Tum «r* 6 3, 64, 65 t* m »

_rv>l Ijt

•Y«lLou« 56 SaMpaon ^ 1958

* Apricot*, *LriMflon *, *aark* 57 p p »

*Dubbonnst*t *Urchld{9 'sMiljion',
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T«>ton 2 n Rafaranca

IndlvidjaX Lultlvar*

U iX im \  Pl«n«t* S3 tiowrick. 1953

'Uandy* S1,S3» 54 •>

*lrfin« torr«nc«*t 
*f1«yford Riid'p • 2 «nlth*

S3,S4 ¥

*^n«sta«l«9 UpolXo *Autuian S4 
CoId*t *nronz« Trada*,

*Caac«d«', *CharM't'Conqu«ror*>
*H«nirtt«tar', *Hontiy Uau% 

*lvoryS *f1ayl«nd riaM«*v *S«lnon 
rr«da*» *iinoufaXl*, 'Youth’ ,

p H

*H«r«aony* 54,aS ,S7 OourioK,
1966a.

CX-Bayoutti,

*Pon«ld> 94, S6 ► m

*Goldan Cor«Xi«*t * ^ r k « t  
Gold*

3S i)owrick. 1953.

Trlandly SS,57 Oowrlek,
1966a.

t.X-flayouMl,

Pullinq* 56«sa (>o wrick. 1953.

<»«XIon«' 37 ,58 Uourick,
1066a.

CX-8ayounl,

'touis ^larthou' 58 l^ourick, 1953

*i1ra . H , UaXU* 99 It li

o r  iHmy* 6 0 » 6 1

*tan«d«*t *GoXl«th*( 
•Bpyant*

61

*Ouchaa« of Kant* 63

•air»inqham* 63 ,64
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Taxon 2n Raf«r«ne«

(ii )  CuItiV4ir«

cv . YS 

cv . WS

36

31

* Ko0n-no«-t«uki*, *Orlfltfiia'« 52 
*PrlM«var«S cv. RSt.
* <JhaX«Q«' •

Lndo, 1969b*

M m

Cndo, 1969a, b»

'Klaahokl*, 'SaQa-no- 
tiJ(aaa*9 *Salko*^ *f?oaa 
Star’ •

'n iban i*, *ruJl- Uotw%
•ruJioUtoMa', *Cankai*, 
*HaeHinacha-Jiku*, *Haktf* 
ryuza*, 'Hana-no-Sugata** 

*Kan«-Kobal, *KinpaiS  
*Kiryuian*, *Kod<iiia*» 
'Matau-no-yukl • ,  *111110- 
Kooana*, *niyako«-JHa',

* ̂ yo J6 * , *Nat au-botan *» 
*Natai>-ra«on*| 'Okan-ri*
* Sat auci ao *, ' TIpt op *, 
’Touch Qoun', *iita9a k i%  
*Uhita Oluah*, 'Whita
T iptop * f * Yaa^ooriMBO *» 

*Yallow Icabarg*» *YalXow 
Na.24f cva* PL,RL,UL.

*Cvar«at*» *Cold Arrow*,
* Indian buMitar*, 'niaa- 
Anarlca'f *Niaahaki*,

*Shin«Kogana* 9 'Taukl-*ga-ai
* Vanguard*, *Yuk^gaaho*

924>1B |.ndo, 1969a,b«

S3 Lndo, 1969a,b*

S34-18 Cndo,* 1969a,b*

S3^2a

*Abokyu*, *Aka-Koglku*, 
*Aka«.Koglku*«3^, *Aka- 
Kogiku-*S2 * *Appara*, 

*Arlyoahi-ri, *4aahl-no- 
h ikarl*, •Aaa-no-yukl*,

* ̂ aayuHa*, ' Bani-UtoM«-Zakura *,

94 Lndo, 1969a,b*
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Taxon 2 n

*8 Xazlng (iold*, *Sogal-no-Kan*, 
'Oflikarv-Kinsal*,
•Fuji— •ruJl-no-H»ln®*,
• Ginzan’ ,  *Hagorofi«-no-Kyoku*» 
•Maru-no-*t«uki • , 'Hatauchinoda*» 
HlatauaHl*, 'Hatauahlna\ •Kl-
no-naru*» 'Hirakata--no-*Sato'» 

*Hiroahina-haiwa*» 'Hokizuka** 
*Ii:abarg*9 'Kagayaki', 'Kan- 
botan’ , •Kl-arl*, 'Kingatau\

*Kl-rlhon-bara*, *KinkanaHoktj', 
'K irv^aiaaba\  *Kinaai*« •Ki- 
Oto«a—2 akura* $ *Klahl-no«* 
qyokuo' ,  ' K1 ahi-no-naMikaza'» 

*KiyoMaaa*» 'Kogana~n.iru*«
*Ko«acbi Zakura*» *rta*t 
•^Udorl-no-Korcano*, 'ninaMi- 
talNaiyo*, 'Hino-ncH-Konanl*^ 

*i1iai>-hir oahiMa-baiwa • •
• riokuran-Kl * , * >1okaran-Shir a • , 

*f1cMi(>»no-Sato't *f1ura-«uau«8 * t 
*Naka»ura*« 'HaMlkaahi~na--Sakura V 
'Natau**oiku* • *Mlhon-bara* •

f^af aranca

KA - « u«uBi«-,LaKMra 9 'uucniy^
•Pink K o .5 %  »Pad 3kln\  •Pui 
' ̂ aga--no-akataukt*, *S4ga-no-

kigata* p *Saga-no-yokobua*« 
'Saiko-bizan*f *Saiko-no-todoroki*, 
'Saiza*t •Shln-KlsHi-no-gyokup*, 
'&hin-Korl-*-Ko«achi'» * Shin-nagani*, 
*^hin-utoMa*Zakura*« *^hlrayuki*, 
*Shir»-ari't *Shlro-t«ia-2 akura*» 
'Tagoto-no->tauki* 9 'Tokiuayajo*, 
*Tauki-no-»iyaka*9 thita  No«2 y 
*Whita 3tar*9 cv*Y» *Yaguruna*y 
'Zao-glku* (Niga-glku) •

*read Yula*« *ruro* S4^18
* Uyokuaui-no-nan *« * Kaaal-31n *•

t:ndOt 1969a»b
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Taxon 2 n

* S«lko-no-9UQ4ttt*,  
’ Shin- 3aiko->no-iUQ«ta*

S41'2B

%4 * 2 H 
. 5S

* Sh in-olc a»no--Su gat« ' 
'Aka-otoM0-Zakur«*9 *Alxukl*
* A»a-*Ut o»a • ,  ■ Awa^botan • ,
'Bronia CrowS 'Lhikubu- 
Ji»a '«  *Ualyara*» *CliiabatH\ 
*Cxplorar*» *Ginkaku*, *GinpoS 
• Ginpo-zan• ,  • Gintak1 ’ ,
* Gyokko~ntt«>tadorakl'«
*^aoanl—no—yokl*, *Hanazono**no- 
aaa*f *Hanazono*no-hlk4ri*« 
*Hyakka-»Kinohe* 9 *Ikuchiyo* p 
*lnitu*, 'Jat fira*» 'Koyo-
no-Sakura*9 •Klncha-nlahlki*, 

*Kin-byobu*9 'Ki- tairin*, 
*Kiyo»lzu' p *KoQatau*, 
*Kogan-no-haru* 'Kari-konachi*^ 
*KuaaMakura*» *’1ina-no-«iatau' 
'fliau-yanatOp *f1 1 ye-no-takarat 
*f^ra-no-takara'9  cw. KT. 'Ugon- 
Ukina«’no~to«o*, *UkayaMahalwa\ 

*Pinoaehio*f *Rad Boiaa*^ *P^ad 
Zaiii*, *3aga-no-iori*t *Saldai- 
no-»toku*, 'Saiko onootakara’ »

1—no»ika*^ .

Tukuahina at 199S;
Cnda, 1969.

fukuahlMa ^  196S
ilndo« 1969a#b*

*Cvara«t*» *lto-2a k u ra '•

*Adaka*« 4Ma'*Qa-Nara'»
*Gankal'» *Uood N«wa',
*MakuQoo\ *H«Man^a-fukuro- 
oglku*, *KaaugaHli«a*» *Ki-aMa- 
ga*hara% *Kinkazan\ *Konao'« 

Mlataukaza* 9 *i1iaono*t *^aiko~ 
f u j l ' ,  'Hhln-Kagura*#•Shirotau^akl*, 

'&houa*no-k«Qayakl* 9 *Tankal*•

1969a9b. 

1969a*b.
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T«xon 2 n Rafaranoa

*OhN«*Qoton\ * Yoahid«-giku* 
*Uk«no-h«tsuyukl \  Shin- 
uk«nD-h«t suyuk1•

, S6 

Sfr^lS

Lnda^ 19b9a»b« 

Fukuahlna gj.»196S

* Gyokko-no^naal*« * Kon Jikl» 
yasha*

Sb^lB tndOf 1969a»b.

'□ ^katrau *9 *tlono-aakal' S7 tndo. 1969a,b ,

' ukano-hatauyukl* S7fl8 rukuahina ^  fll* 1*^61

'9«naai-arupuau', *Oai» S8 
■anqatau't T r a d  ShoaaMith',
* Uoko-no*aki *» ' Kogan-no- 
ixuaii*9 'lcoQan«*no-^ imo*,
'Lanon rrodahoaanith*, *iihln- 
talho blzan 'i Taiho-bisan*•

tndo. 1969a,b .

'ruzan-no*kiMio% * Zyaaaka*« 
Saiko-no^hana*•

99 Lnda^ 19ci9a»b«

*Talho«no*£>akaa' 59^19 •I «

* ^lanazuru' 61 M n

'^ani-tangu*, *KagowiD«taki 
*^annyo~gorono\ *Shinroku» 
Kikuo'* *Shinrokuan*•

\  62 tir ft

* tmaai-raku*» *l1 1 yako-nch- 
tauki*.

63 tlndOy 1969a.

'^ka-*tairin*, *3 anyo--niaHiki* ,6 4  
*UJl-«aguri* •

tn d O f 1969a.

•Kura«ia-tangu* $ "Hotta-no- 
hoka' 9 *1 alHo-yanabuki ' •

m •

* ̂ Ikoku-dan * ,  * K«auMi-ga- 
ura» Kirin-Zakura*«

66 m «

*Klnkonahlki\ *iShirv- 67 m •1

ka«uBi-Qtt*ura*•
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T ffxon 

'Oda-no-aki'

* N Ob 1 -no-ot tMNi'

* Tokiu«-*na-n.:it«u'

*H«ku«on-Qut«n*

n o - ; ih ir a b « 't  •u«ko-dan* 

•Hhuko-d»n*

*thlyo-*qlku* p *Gyokko-no« 
«katauki• ,  * lorlhim«-kli*
* h if io -fta ~ a a k « a '« * (Jqori-dan *

*GlnQatau% * Gyokuaul-no- 
kobal»' *^ana-kataiKi'> 
'Oka-no-aakaa*•

<ruki-dan*

^riino--no-hoi«araS *Ofcu- 
Qotan*.

* PtomoyaMa*- QOtan *

( 1 1 1 ) Indian lultivira

2 n

68

69

70 

70*18

71

71*19

72

73

7J+18

74

7*^1B

* U U p u t '  36

*Kaaturi\  •PhyXlla*. 45
cva* P ^f PS

'4nawlka*, *no«a't *^bar«d 93
^ala*« cva* 446f CSf
O D S ,  S 0 2 ,  8 3 ^ ,  T j ,  T j ,  X j ,

^15*

*Aloa*t *Adra Shoaa«lt»i*, *4
•4Jlna ^ r p la *«  ’ 41frad 
Durhafli% */lpaara*v *^adgar*« 
*nharat Ratna** *f3aaanti*i
* 3aa«t au\

^afaranca

&ndo, 1969a< 

n

Praaant atudy

II
* 4 # ♦ i
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T4xon 2 n

*Nig«rla*i PrincM s mnt* 94-^lB
cv« W1

" i h ^ i r A d  »  t  • •  *

n o ,  *116. MS6 , »I01, M«9, IW10, P3, 
S9, T10, T 1 S  U2, W4, W14, cv. 
Whits (K«rala. * X2.

*£v«ning *Gold«n M«w»*
*KikubiyfHiri* t cv« ?127, f130*

R0 f 0r«nc«

Pr«s«nt study

P fm m n t  study

Prsssnt study

* Innacsncs*

96 Prsssnt study

96*^18 Prsssnt study
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Taxon 2 n Pafaranca

*Lonni« n«yniKU*, cv» 
*8ran*« Tumnr^p *0 *H. 
Salisbury*» *KnoK*

87 Praawnt atudy

*S«lMon 3h o «M ith ' cv««
RIO '

58 n II

Uulttanton*, cv. T17 99 » ft

'Rup«s« n«ngla* 60 • ft

*Kasturbii Ginndhi* 
*HohatHaa Gandhi*

62 ft

'Grapa Soul** ^Xmprovad 
Uoula (ockat*f *John 
Wabbar*» * 1̂orria 

*Praaidant Vlqar*

63 •> ft

*^lfrad ‘iinpaom*, ’Alfrad 
Wilaon*, *riorancM 
ihoaanith*

64 « ft

'Harvaat Hoflta', *3ohn Bull* 
'Goldan Jinnivaraary*

6 S • ft

*Sonar ^anqla* cv* W39 67 m ft

•Phil Houghton* 68 ft ►

'Ghanghlakhan*, *Pota«a<s* 72 ft ft



Th« abova raporta of chra»aao«a nuMbar in tha 

ganua thryaantba«^ ara olaarly indieativa of a cotmon 

baaic nuMbar of 9 uhleh forna a polyploid aariaa ranging 

fro» 2x to approxlMataly 23x« Apart from thiat aavattal 

anauploid chronoaona nu»bur» such aa 2n ■ 19, 20 , 25,

26 , 29 , 34, 37, 42, 47, 93, S3, S6 , 57, 58, 99, 71 , 80,

89 atc« hava alao baan raportad in tha ganua* Tha 

oytological work on thia ganua Haa baan conflnad woatly 

to ohroMoaoma counta and eytotaxonomic atudiaa* Tha 

praaant invaatigation danla with cytological analyaia 

of 13 apaciaa «nd 183 cultivara of worlfoliuw« Out 

of 183 cultivara, ona uaa tatraploid, 4 pantaploida,

98 haxaploida, S haptaploida, 2 ootoploida and war a 

anauploida* Tour oultivara ahowad ana Q<-chronoaOMa 

aach in thair aowatie calla ( f i g .  5 0 ).

Ubaarv^tiona

TtTRAPlXlP

Ona and tha only cultivar (*Liliput*) balonging 

to tha Hutton group uaa found to ba tatraploid. Thirtyaia 

chronoaomaa uara countad in tha root tip nitoaia (rig«9l)i 

Thaaa chroMoaoaaa could ba raaolvad into 9 M r a  or laaa 

hoaoiRorphic aata containing 4 chromoaoffaa aach (rig«52) •
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riQ . 90: HistoQram ^vowing varicHia

chromosoMs nuMbers in 

C . worifoliMw culilwur#
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On« chrano«ofli« b«longlng to th« 9th mmt ahouvd 

h«t«ronorphiclty du« to its qr«atar langth and m 

aubMsdian csntrOMara* This r«suXt(id In a chanQs of 

mrm ratio (T«bl« W)• To « Xoaaor oMtant auoh hataro« 

Morphloity la aaan In tha 6th and 7th aota of chromoaoMaa 

(r ig . 92}* In tha coaplaMantt four chroMioaa»aa uith 

aatallite waa obaarvad, two of which hava primary 

conatrictiona in Madian poaition (lat aat) and two 

othara in aubMadi«i poaition ( 8th aat}*

Wai oai^

•^ io aia  in th« tatrapXoid cultivar waa 

oharactariaad by tha proaanca of quadrivalanta «id 

biwalanta (figa* S3-SS} • Tha data on ehromoaoMaX 

aaaooiitiona at «ataphaaa 1 ia auaMariaad in TattXa VI.

Tha nunbar of c^adrivaXanta par caXX rangad froii 0 to 

3 with naat) at 1*0S * 0 «2 S, and bivaXanta fro* 12  to 

18 with naan at 1S*a4 <2 ^*31 • At diakinaaia 2 bivdXanta 

wara found to ba attachad to tha nucXaoXua (Tig* S3)• 

^aphaaa  I aagragation waa pradoninantXy nor«aX (T ig *58} 

but in aoMa caXXa lagging chroaoaonaa uara aXao 

obaarvad» PoXXan atalnabiXity waa 81»20;|( and thara 

waa Mociarata aaad aatting.
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ptHTMt^cmua

Karyotvp*

Four cultivara uar« foixid to b« pontaplold* 

with 4 S chro«o«oMtt9 in th«ir root tip colla {rigo.96-98}, 

out of which ov«> Pg and 'Kasturi* hav« boon otudiod 

in dotoil* Th« karyotypic data of thooo cuXtivara aro 

auMmarioad in Tablo V* In a ll  tha cultivaro^ 4 S chro- 

iMiaofBaa formad 9 aata with varying nu«bor in aach aat 

(Tabla V i^d  Tiga* 99 and 60} • Lultivar *Kaoturi* had 

9 chromoaooaa with atrictiy oadian cantroaara r indaxi'^ 

ChroMoaoiiaa of othar cuitivsira poaaaaaad nadian to aub- 

tarMinai cantro«ar«a* Hatarofnorphic aata wara aaan in 

*Kaaturi* and cv. and in both tha c«iaaa hataro-

Morphicity waa duo to variation in Xongth of tha ahort 

ar«« Xn *Kaaturi* auch htttaromorphic chrodoao»aa wara 

aaan in tha 1st, 2nd and Bth aata ( f ig .  S 9 ) • Xn cv« P^ 

tho 3rd sat was hataroworphic (Tig* 60}« howavar# ana 

chromoaona baXonging to tha aubtar«inaX group (9th) in 

cv* Pg ahowad a largar long arm. Qna snaXi odd 

chromoaoMia with a nodian cantronara was aaan in tha Bth 

aat of *Kaaturi* and 7th aat of cv* P^« fiva  aataXXitio 

chronoaonaa wara obnarwad in *Kaaturi' which forMad tha 

2nd aat. Only ono auch chroMoaoMa (aubntodian citfitronara) 

was saan in tha Bth aat in cv» P^* In cv. P^ four



•n t « l U t « d  chTomomommm could ssvn In thm  1st a«t. 

NucUoXar chrowosonaa o f  'K«aturi* axhibitad aMall but 

ccmaiatont variation in ralatlva langth*

Haloaia

flaiotie analyaia or tha pantaploid eultlv^ra 

ravaalad tha praaanca of pantavalanta, quadrivalanta* 

trivalanta, blvalanta and unlvalanta at diaklnaaia and 

■ataphaaa I (fiqa* 61-68)• Tha data ragarding chronoaaattl 

aaaoclatlona and pollan atalnablllty ate* ara auMMirlaad 

In Tahla VI!« Xn 'K«aturl* tha nu»bar of pantavalanta 

rangad from  D to 2 ulth a naan nuflbar of 0 .2 2  ♦ O.SO 

yhlla ova. and P j ahowad a ranga of 0 to 1 and «aan 

at 0 .2 4  ♦ 0 .1 4  and 0 .3 6  ♦ 0 .2 1  raapactlvaly. Th« nunbar 

of quadrlvalanta In all tha caaaa ranga frow 0 to 1 with

0*13  ♦ 0«36f 0 .1 3  ♦ 0*09 and 0 .S 6  ♦ 0 .2 6  ra^actlw aly . 

Howavar, tha trlvalanta ahouad a ranga from  0 to B in 

'Kaaturi* with mmmn at 2 .0 9  ^  0 .l2 ^ in  cv . th« rang* 

waa 1 to 3 with naan «t 1.60 ^  0*44 and cv . ahowad a 

ranga of 1 to 4 with n«an at 2 .2 4  *  0 .8 9 .  4t diaklnaaia* 

in cv* P^, ona pantavalant waa found attachad to tha 

nuclaolua (Fig* 62} * Th« nunbar of blvalanta varlad in 

dlffarant oultivara and tha highaat naan nunbar of 

blvalanta (16*92 ♦ 0*42) waa obaarvad in 'Kaaturi* (aaa 

^••*la WII) . Tha naan nunbar of univalanta v<arlad fron 

4*08 ♦ 0*19  ( 'Kaaturi*^ cv . to 6 .2 0  ♦ 0 .1 3  (cv . .
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Aa axpttctvd, anaphasa i aaQragation In all tha 

cultivara uia Hiqhly irraquXar with unaqual aagragationa 

Ilka 19S26, 2 U 2 4 ,  20i25  ate. (r ig . 66) .  U gging  

chrowoaomaa, praco^cloua dlvlalon of unXvaXanta atc« 

uara ancountarad (rig* 67) • iubaaqyant divlalan uaa 

a Lao abnornalf which raaultad in tha formation of 

micronuclai (fig * fin) Xaading to tha fornation of 

anaupXoid gawataa* Tha poXXan atainabiXity in *Kaaturl* 

uaa vary Xow (15«60'<) and highaat poXXan atainabiXity 

(8 4 * 7 8 ^  uaa obaarvad in cv* Houavart onXy cv«

aat aaad and othar cuXtivara uara tataXXy aaad atariXa«

HLXAPLOIQS

Out of 98 haxapXoid cultivara atudiad^ 27 

uara karyotypicalXy anaXyaadf tha data of uhich ia 

aiMmariaad in TabXa V« Theaa cultivara uniferaXy 

ahouad 94 ohroiioao««a in thair root t i n  caXXa (figa* 

69^76} « and includa both a«*aXX fXouarad aa uaXX aa 

Xarga fXouarad typaa* Tha karyotypic data ahou 

Gonaidar-ibXa hataroganity in tha karyotypua ranging 

frOM tha praaanca of atrictXy nacttan (li, r indax 1*0) 

to thoaa uith aubtar«inal ^ d  in ona c«aa avan a pair 

of tarainaX chrowoaoa^a (TabXa V and Tiga* 7 7 < ^ )  •
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Th«r« mrm fiv« cultivars v iz . cvs. S9, *D ip ii%  

Cloud' «nd Star* with 4-7 ttrlcily 

Median chrcMoaoMQa In th« karyotypa (r iq a . 77 and 7 0 ) .

In fourtaan cultlvara vis* cva* ' ^ o u  th ita 't  

'taura'ff 'Sunaar Gan*« ” iaoaiil*, 'l»llvar Cloud*,

*Lilith*» 'Uinda*« cv. *Sadoar*« *noaatau*,

* ^ a a n t l * , cv» 'Hopa*, thara la prapondaranca

of aithar Madlan (a) or aubnadian (an) chrcmoaonaa 

(riga* 79-8S)• Uhlla aavan cultlvara vis . ^4 5 *

Kjf * Spoon' *Nanako* and hava invariably

ahown tha praaanoa of aubtaralnal (at) chrowoaanaa 

In tha coaplaAant (riga* 86-8«)• Jna eultlvar 

('riohinl’ ) poaaaaa two chrofliaaoaaa with tarnlnal 

cantrowara (T ig . 90) •

Tha nuMbar of aach aat ara aaldoM hoaoMorphlc 

and ahoua mora or laaa a*nall dlffarancaa with ragard to 

tha total langth of tha chroaoaonaa and tha axact location 

of cantronara u h l ^  changaa tho lono/ahort arm ratioa*

Thia la claarly aaan in cultlvara *%iaatau'» *Su«Bar Caa*, 

'Spoon*, 'Hopa'f cv« ^ ^ 1 4 * 'Uadgar*f

'Uhlta C loud ', ate* Una odd chrontoaoMa aach with a 

Madlan and aub«*adian cantrom«raa raapactlvaly uaa found 

In cultlvara Xlka ^**^2 ^^14 38} •
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Th« nunbair or nuclaoiar organixars v«ri«« fron 

anm (cva* K^,'siXvnr Cloud* and ’Nanako*) to 9 (*Rad Star') 

Thaaa ara locatad in dlffarani aata of chr^MMoaoiNia* Tha 

variation in nu«bar of nuclaolar cNroMoao«aa ia  parhapa 

tha raault of varying condanaation of chromooonma, aa 

aXao tha aatallita thoMaalvaa*

tialoaia

Savantaan rapraaantativa taxa uara aubjactad 

to Malotie anaiyaia* %t diakinaaia and aataphaaa I 

variuua chronoaomal configurationa ranging fra«

Haxavalanta to univalanta wara obaarvad in th« PnCa 

(figa* 91-96}» Tha dataila of chronoaonaX aaaociationat 

pollan atainability ate* ara racordad in Tabla VIZZ.

In Majority of tha cultivara analyaad« aaioaia uaa 

oharactariaad by tha praaanca of a larga nunbar of 

bivalanta and a fau Multivalanta* Cultivara *Sharad 

Shobha't ''iharad Prabha*t cv* and cv« No.9  hava 

ravaalad tha praaanca of larga nunb«r of bivalanta and 

a faw u n iv a l^t a  in naarly 90 par cant of tha P^ta*

No pontavalant aaaociation uaa found in any of tha 

cultivar atudiad.

Haxavalanta ara ganarally abaant. but ona 

(fig *  94) or at tha Boat two (Tabla VXXX) nay ba found*
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Th«ir n«an nuMbar v^rlaa fr*m  0*04 ♦ 0*11 (*talquila*) 

to 0 * 4 2  * 0 .2 2  (cv» ki 18) p«r c«lX . Th« nuMbar of 

qu«drival«nta r^ngad froa 0 to 4 «nd th« «oan uas 

from  0 .S 6  ♦ 0 .2 0  (La lq u iU *) to 1.60 ♦ 0 .0 7  (cv . N o .S ) . 

Th« niM hmt of trlvalonto In various cultivara r?ingad 

fron 0 to 3« howavar, cv . ONX was an axcaption, uhara 

no trlvalant uaa found. Tha ranga In naan nuMbar of 

trivalanta uaa froa 0 .0 4  ♦ 0 .1 2  in cv. to 0 .6 4  0 .6 6

in *Uhita Lloud*. In all« tha cuLtiUara a larga nunbar 

of bivaXanta wara aaan, which rangad fro« 14 to 27 ulth 

mattn 2 2 .7S ♦ 0 .4 S  (cv . T^) to 2S .S3  ♦ 0 .3 2  (cv . Y j^ ) . 

Only faw univalanta could ba aaan, tha naan nunbar 

uaa aa low aa 0 .0 7  *  0 .9 0  (*tilith *) or aa h i ^  aa 

0 .8 8  * 0 .4 1  (*lalquila*) par c a ll . In noat caaaa 

univalanta appaar to hava originatad aa a raault of 

pracocioua aaparation of bivalanta. In *riohlni* tha 

two talooantrie ohronoaowaa often pairad to forn a 

bivalant.

Anaphaaa 1  uaa quita nor"tal ulth a aagragation 

of 27s27 in noat of tha cultivara. Lccaaianallyy aona 

cultivara ahouad unaqual aagragatlun, such aa 2Ss29» 

24>30, 26i28  ate. ( f ig . 9 7 ) .  Sonatinaa tha univalanta 

lag at ntfiaphaaa I or divida pracoolouaXy. Tha sacond 

dlviaionp in ganaraXy uaa irragular with fornatiun of
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laggards, Micronuclal «tc* ( f ig .  98} • trra«pactiv« 

of a ^ o r n « l it i« a  In the aacond divlaion, thara uaa h i ^  

parcantaga of pollan stalnability and good aaad aatting.

HtPTAPLOlQtt

Ka^rjtotypa

Thraa cultlvara uith a so«atio chroaoaoMa 

nuMbar of 2n «  63 in th« root tip calls ( f ig a . 99 and 

10 0 ) uara karyotypically analyaad. Tha karyetyplc 

dataila 4ra ahoun in f ig a . 101-1U3 and aun«ariaad in 

Tabla V . Tha ovar all  natura of tha karyotypa raaanblaa 

^••^^^loid Oiiltivafa in aa wuch as tha chro**H>ao<iiaa vay 

ba aubMadian or aubtariiinal, and m«mbara of diffarant aata 

of chronioaoMaa diffar in ovar all  langth and ar« ratioa 

(figa* l0l*»1D3) • Una (*Grapa fioyl*) or tuo (*3ohn Uabhar’ ) 

chronoaoMaa uara indaad anall and rathar odd and could 

not bo aaaignad to any of th* aata. In tha fornar tha 

odd chroi«)auiaa uaa with a nora or laaa Madian conatriction» 

whila in tha lattar^ ona auch chronioaofliaa aach uaa with 

aubiRadian or aubter«inal cantroaiaraa. Tha naxiMua 

niMibar of nuclaolar chronaaonaa aaan, was fiva in *Grapa 

Bowl** All thaaa wara locatad in tha aacond aat of 

chronoaoMaa ( f ig . 1 0 2 ) •

i%ioaia could not ba studiad for uimt of 

aufficiant Matarial at tha right ataga*
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Ctt.TUPUilD3

Karyotype

Out of tuo octopXoid cultlvars shouing 72 

chroAoaonaa in tha root tip calla (T ig . IO4 ) , cv« 

*Changhiakhan' uaa analyaad karyotyplcally. Tha 

karyotypa raaolvad Into 9 aora or laaa honoisorphlc 

aata (Tig* 109) • Tha datalXa of karyonorpholoQy, ar« 

ratiOf etc* hava baan racordac in Tabia V . Tuo 

chroMoaonaat bolanQing to tha 6th sat, had alightiy 

aMailar ahort ar«a and could ba dirfaruntiatad froa 

tha othar chrowoao«aa« Oua to ovar condanaation of 

tha chroaoaomaap tha nuelaoiar chroaoaonaa uara not 

oXaar« Hajority of tha chroaoaoaaa uara aithar 

aatacantrie or aubwatacantric. Only 6 chroaoaoaaa 

of tha 9th aat ahouad aubtarMlnal primary conatrictiona 

of which ona uaa odd in tha co«pla«ant and ahouad a 

wary amalX ahort ar« ( f ig ,  105 ).

Maioaia in *Changhiakhan* uaa charactariaad 

by tha praaanea of octav^Xantaf haxavalantat biwaianta^ 

ate. (fiqa* 106—110)« A dataiXad analyaia of chroaMsaoaal 

aaaociationa at aataphaaa X uaa oarriad out and tha data 

ia aumaariaad in Tabia IX* Tha octavalanta rangad frow

0 to 1 par caXX uith a «aan at 0*08  *  0«08 ; haptavaianta
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Wttrv not asan. Th« nuHbar of Naxavalants and pantavalonts 

•howad a rang* of 0 to 1 uith a«an 0*17 ♦ 0 .3 0  and 0*02 ♦ 

0*12 raapactivaly. Tha Raan nuMbar of quadrivalanta par 

call uaa 1 .17  ^ 0 .4 4  and trivalanta 1*oa ^  0«9a* Blvalanta 

rangad from  25  to 34 and tba naan nuMbar uaa 30*41 * 0*6S« 

b lvalan ta  wara aaan in vary lou fraquancy and tha avaraga 

nuMbar par call uaa 1»SD ♦ 0«12« ^naphaaa 1 aagraQation 

uaa irragular uith unaqual aagragation or chrumoaoMaa* 

praaanca of lagqardar ate* ioMatinaa chrawatid bridgaa 

wara alao aaan to paraiat avan in tha lata atagaa of 

anaphaaa I (fig *  111 ). Subaaquant diviaion uaa alad 

irragular uith fom ation of laqgarda, Micronuclai ate. 

(F ig . 112 ).

It ia intaraating to nota that in 44^ of tha 

PHUa ona B-^hro»oao»a uaa conaiatantly aaan uhieh uaa 

vary anall in aiia  uhan cof^arad to othar A^^hronioaoaaa 

(flga . 109 and 110} . Tha chroMoaoMaa ahouad a tandanoy 

to ranain unpairad and auay from tha A-chroiwaoaiaa.

During anaohaaa« tha ^i~chroi<oao«a aithar dividad or got 

includad in ona of tha polaa uithout undargoing diviaion. 

Hauavart In root tip callat it waa coii^ilataly aliMinatad, 

Though polXan atainability uaa 93.l;<, thara waa no aaad 

aatting.
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2n m 53 (6 x - 1)

Nin« cultlvars having a chrowoaoins nuiMivr of 

2n ■ 93 ( r iq s .  113"H i)  h«va b««n k«ryotypic«Xly an«ly«ad 

and tHa data la suwaiariaad in Tabla V* Tha chroMoao«a« 

fornad »ora or Xaaa hoMoiiorphic aata in a ll  tha 

cultlvara (riga . 117-121), In nana of tha cultlvara» 

thfl daficiant chromoaoma could ba idantifiad uith 

cartainity* Tha dlffarant cultlvara undar thia group 

dlffar In datalla of karyotypa lika comuoaltion of 

chroMoaoma aata« langth of chroMoaoaaOt arn ratio and 

tha nuiibar and naturo of aatallltaa* Thla affact tha 

Morphology of tha chroaoaowaa* fllnor hataroanrphlcity 

was not ad In tha conplaitant of varloua cultlvara lika

*3harad Hala 't cva« OOSy Gjv and Tha nuMbar of

SAT chroMoaoMaa varloa froii ona (cva. and G^) to

aavan (cv* T ^ )*  &ona of thaaa varlatlona hava baan

daplctad in riga . 117 to 121.

Haloala

four anauploid cultlvara of tha abova catagory

hava baan Balotlcally analyaad and tha data la aufliMariaad

in Tabla X* Thara uaa pradoainant blvalant forniatlon in
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m il  thBS« cultivars. Th« nuabar of nultiv^lsnts, though 

fcw» u«« varlabXa. Th« various chro«o«enal canflguratlons 

in rttpraaantatlva cultlvars «ra dvplctad In riQa. 131 and 

132* Tha nuntiar of haxavalanta rangad fro« 0 to 1 with 

mmmn ranging frow 0 .0 4  ♦ 0 ,0 6  (*Posa*) to 0*08 * 0*60 

(cv . AA6 ) • Uuadrivalanta rangad from 0 to 3 yith «aan 

ranging fro« 0 * 2 3 4  0 .4 5  ('Sharad riala*} to 1 .05  ♦ 0 .0 4  

( 'A n a M ik a ') . Trivalanta ahouad a ranga of 0 to 2 uith 

Maan fron 0 * 1 0  ♦ 0 .2 6  ('tkharad «1ala*, '.^nanika*) to 

0 .3 3  *  0 ,6 0  (cv . AA6 ) ,  and bivalanta 20 to 26 uith 

M a a n  fro* 2 3 .7 5  ♦ 0 .3 0  (*lna»ika*) to 2 5 .4 3  ♦ 0 .6 3  

(*^harad ilala*) . In calls forMing a AaxlfRua nuabar 

of 26 bivalanta* ona univalant uaa alwaya obaarvad 

(f ig *  1 3 1 ) 9  howavar« in aona calla thaaa unlvalanta 

aaaociatad uith bivalanta to for« trivalanta (fig* 132). 

U n a q u a l  d i a t r i b u t i o n  of c h r o m o a o M a a  a u c h  a a  26t27, 2St2S 

a t o .  u a a  obaarvatl a t  anaphaaa I a n d  subaaquant d i v i a i o n  

a l a o  a h o u a d  ano««aliaa. Oftan^ tha unlvalanta u a r a  

found t o  d i a j o i n  p r a c o c l o u a l y  a n d  g o  t o  althar p o l a a .

Tha pollan atainabllity uaa appreciably high 

and thara uaa good aaad aatting.
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2n ■ S5 ( 6 x ♦ 1)

Tu «1vm cultiv«r« having acNiatlc nunb«r 2n »  S9

(riQs* 122-128) hav« b«0n karyotypic«li.y analyssd «nd

thm  dtttails of karyonorpNalugy ! •  suNmariattd in Tabl« V

and riga* 126 to 130* It waa not poaaibla to identify

tha axtra cnroMaaoma through karyotypa anaXyaia* Tha

individual eultiv 4ra dlffarad in tha eowpoaition of tha

karyotypic dataila Xika Morpholvigy of chroivoaoiiaa and

tha nuMbar of aatallitaa and auch othar dataila iqa*

126^130}* Aa ia th* caaa with othar cuXtivara^ hataro*

mirphic aata of chronoao«aa uara aaan in cultivara Xika

Xjf U2 * ^ 1 * ^^g* 'f'lXrt* ind *VaXiant*> Ona a«iaXl odd

chro«oaa«o waa Xoc^tad in tha compiaMant of cv« HH •
Q

Tha nuMbar of SAT chronoaoMaa variad fro* ona (cv« 

to fiva (cv* NN^) •

Tha data on Mai otic anaXyaia of four euXtiwara 

ia givan in TabXa X* n«taphaaa I in P ^ a  waa charaetari" 

aad by pradoainant bivalant for<aation and occaaionoX 

appaaranca of mjXtivaXanta (figa* 133-134}* In caXXa 

whara muXtivaXanta ara foraiad, tha nuabar of haxavaXanta 

rangad froii 0 to 2 with naan ranging fron 0 .0 8  ♦ 0 *ft0



P3 , to 0 .1 6  ♦ 0 .9 5  ( •O .in iy  i1«ld '). Jri

*Shar«d BaH«r' no h«xav«l«nts u«r« found* TH« nunb«r 

of i|u«driv«il«nt» In diff«rant cu U iv ^ra  ranged from 0 

to 3 uith mmmn from 0 .4 8  *  O .OS  {'Sharad 8ah«r*) to 

O .a?  * D .ie  (*tlainty fVild') • Th# trivtflonta •howod 

a ranga of 0 to 1 with »«an ranging fro*K O .D S  * 0 .4 3  

C^marad Bahar*) to 0 .1 6  ± O.SO (cv . T ^ ^ ) . Siavantaan 

to 27 bivalanta wara aaan and tHa ranga in Moan uaa

2 4 . 3 7  ♦ O .Sa  (^Dainty H«id*) to 28 .97  ♦ 0 .7 0  (*!>harad 

BaHar*) • f'au univalanta uara otiaarvod and th« naxiffuM 

nunbar par call waa 1 . 1 1  « Q .1 8 . Un« chraaoao«a ganorally 

ranainod aa a univaXant ( f ig . 133)» Houavart ocoaaifsnally 

it  uaa found to pair uith bivalanta to giva riaa to 

trivalant configurationa ( f i « .  134} • Whathar thia uaa 

tha aatra chroMoao««, can not ba aaid with cartainity. 

Uthar univalanta uara noatly tho raault of priM:oiedua 

aaparation of bivalanta.

Aa axpaotad of an anauplold, anaphaaa I 

aagragation uaa unaijual uith varying nuMbar of chro»oao«aa 

going to aithar polaa ( f ig .  13S, . Una ohroMoaoaa uaa 

oftan aaan to divida pracociouaiy (t ig . 135) and raaehad 

oppoaita polaa touarda tha and of anaphaaa X. Unaiiual 

aagraQation of chro«oao»aa raauXtad in furthar arrora
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t as s

in th« a«cond dlviaion l»«dlng to tho farmatlon of «n«upXald 

Qaavtaa* Though mmiamim woo IrroQuXor* thoru woo ronoonoblo 

pollon otalnabiUty  (72*4<  to 8f . 2 S) <and «odor«to oood 

ooiting.

2n 1  ( 6x ♦ 2 )

Lam tiCE*

Two cultivoro hoving «  ohroiKioD«o ntMbor of 

2n «  5b in tho root tip colls (fig« 136) h«vo boon kotyo- 

typleolly onolyood ond tho data io ouMoriood in Toblo V* 

Varying nunber of chromaaoMoa appoarad in difforant aota 

and tha karyotypa raaAlvad into 9 nora or loaa ho««oMorphic 

aata* Cultivar had eoiiplataly hcmoMorphic aata i^lla  

*Goldon Mawa* ahowad tha praaanca of two hataromorphic 

chroNKiooMoa with a«allar ahort ar«a in tho firat aot and 

ono of tho chroaoaonoa carriod a aatallita on ita ahort a m  

(f ig *  144) • Anothar aaall chraoioaoi«B uaa dataetad in tho 

8th aat of *Coldan M «ua '. In cw. 3 SAT ohruHioaoMaa

wora obaarvad* ono in tho aocond aat ttfid one aaoh in tho 

oixth and ninth aata.

r t a i g a i a

Maiotic data of onm cuU ivar  i .o .  ev . ia 

availabla and at «ataphaaa I bivaXanta and wultivalanta



U9 tm  datuetttd (r iq . 1S6) • Th« dat«ila or chranavonal 

«s«oolation «r« •^loun in T^bla X . The avaraga nunbar 

of haxavaianta par eall waa 0*06 ^  O .S I ,  quadrivalanta 

0 .9 1  2  trivalania 0 ,3 S  « D .1 8  blvalartta 2S .a? * 0 .12

and unlvaianta D*7i « 0«39« ^naphaaa I waa praduslnantly 

norwalt Howavart ^tmorMal aagraQatlon and formation of 

la^Oarda ate* uara alao found In faw ^(1ta» T h e u ^  iha 

pollan atalnabllity uaa high ( 8 1 ^  no «aad 

uaa aaan.

2n ■. 87 ( 6 x ♦ 3)

CuXtivar *l-onnia tiayhay* ahowad 57 chroaoaoMaa 

in ita root tip calla* Karyotypie analyaia ravaalad 

tha praaanea of Mora or iaaa ho«o«orphic aaia (r ig *148). 

Tha nunbar of chronoao«aa balonging to IndivicHial aata 

variad (Tabla V } • Tha oultivar poaaaaaad aatacantrlc, 

tub~Aatacantric and aubtaXocantrie chronoaoMaa* Uuing 

to axtraMa condana^tion of tha chronoao«aa« nuclaolar 

paira wara not aaan in tha coaplaaiant*

Lika othar anauploid cultivars, pradominant 

bivalant for»«itian and a fau wultivalanta wara aaan
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at dlakin««lB «nd I in th« poXX«n Mothar

(rifl* 157 and Tabic • Th« naan nuMbar of 

haxavalanta and pantavaianta uaa 0 .0 3  *  0 .1 8  par call, 

ciuadriv^lanta 0 ,5 8  ♦ 0 .0 6  and trlvalanta 0 .6 8  ♦ 0 .6 3 .  

Tha avara^a numrnr of bivalirita uaa 28 .27  ♦ 0 .3 7  and 

univalania ahouad a Maan of 1.67 ^  0 .4 S .  ^naphaaa 

aaoraQatlon waa highly irragular. ^ l l a n  atalnabllity 

uaa wary low ( 3 7 .K 0  and thara uaa no aaad aattlnq.

2n m 58 <6 h ♦ 4)

Karyotypa

Out of S cultivara having a chroiaoaDMa nuwbar 

of 2n - 58 in thalr root tip calla (r iq . 137) tuo hava 

baan karyotypieally an«lyaad. Tho karyofwrphology ia 

ahoun in f i g .  146 and ar« ratio ate . ia auMiariaad in 

Tabla V . Cultivar *ff1 D» had matacantric (fl, r indax I.O ) 

to aubwatacantric chro«oaonaa in tha coaplawant and tha 

chronoaoaaa in ganaral* raaolvad into hoM0«0rphic aata. 

Tha axoaption uaa with ragard to fau chronoaofliaa in 2nd 

and 8th aat. Tha 8th aat h«d a pair of hataroMorphic 

chrowaoMaat ona of tha* having a aaallar ahort arw and 

tha othar ona had longar long ar« . In *8ronsa Turnar* 

tha 9th aat containad ona pair of hataroworphic 

chronnaoMaa. Nuelaolar paira uara not aaan in oithar 

of tha tuo cultivara.
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Cultlv^r Salisbury' wa« n d o tlca lly

•naXy««d, th« wtaphasa 1 datm  ! •  dspictad in TabXa X . 

UnivalontJt bival«nts, wuitivalants ate* u«r« •■■n at 

diakinaaia and nataphaaa 1 ( r i 9 » 1 8 8 ). Tha o^an nunbar 

of h«HavaXanta par call u«s 0 .0 8  ^  0 .3 6 , that of 

c^tfriwaianta 0 .6 9  ♦ 0 ,2 7 ^ trivalanta 0 . 4 3  + 0 .90^ 

bivaianta 36 .31  ♦ Q.S2 and univalanta 0 .5 7  *  0 ,19»  

^niphaaa I in noat of tha calla ahowad n o r v l  aagra** 

Oation, houavar» irragular aa9rao>itlon waa aXao 

obaarvad in aoMa m a .  PoiJlan ataln«bility waa 

S^m2% and thara waa no aaad aatting.

2n ■ 8P (6 x ♦ 1 )

HtXPSYPM

Tha aoMatic chroaoaoMaa of cv« T17 raaoivad 

into 9 aata with varying nunbar of cHromosoaaa In tha 

individual aata (fig *  147 and T«bla V ) • Tha firat aat 

waa h«taroMorphio and ona of ita chro«oaoaaa waa with 

a nadlan cantrooara r indax 1 *0} whila In othara 

th« ahort ara iangth variad conaidarably. Tha 7th 

and 9th aata had awbtalocantric chroawaoiiaa* Tha 

raat of tha aata had Mora or laaa hofmiorpNic 

chroaoaoHiaa*
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Cultlvar 4uittfintofi' umm »tudi«d for

and X In mhoum̂ i tf^rlous c^roMO)«oMal

associations smcH qs h«K»walanta» psniav^ittnts* tftc*

(fig *  199 ). Tha dots on c^iroMosonai 4»»CK:i«tit9n« is 

Qivsn In Tabl« X« Th« mmm> nuHibsr of hsx^valsnta par 

call w^a 0 »1 d 0m62% pantavalsnta U .09  <* 0 * 1 2 }

quaflrivalanta CS.a4 * 0 *19  snd trivalanta 1 ,24  * 0«20«

THa blwaXants ahouad a naan of 23 ,77 ♦ 0*48 and 

univalanta of 1*99 ♦ 0«29* AnapHaaa I ahouad abnortnal 

sagra^ationtt laqginq chrt3f-oao*iias ate* (fii^* 16S) • 

iubaaquant dlvialon waa also IrraQular* Pollan 

atalnability uas 4 8 *2 H and thara uaa no aaad aattinig.

2 n - 60 (ijx ♦ 6)

*<aryotypa

Cultivar *Rupaaa Sanqla* ahowad 60 chruMoaoaiaa 

in tha root tip calls . An analysis of karyotypa ahouad 

prcmoijncad hataroworp^iclty in dSffarant aata of 

chronoaonas (flQ . 148 ,ind Tabla V) . Four hatarop^rpHic 

aata uara aaan in tHa co«)ipla'')ant« In a ll  thasa qroupa 

hataroMorp^icity was du« to an abri^st variation in tha 

langtb of abort ars»s within a sat* iina chromoaoma
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of thm  Sth mmt hfid  « aubiiadlan c o n tro f f ta r t t  a n d  c a r r i a d  

a o n  itm short The 9th a « t  c o n t a i n t t d

•utiM!xtficantrie chroiRo«o»tfs« thronoaottsa with aubturnlnaX 

c i« n tro iM araa  u a r a  n o t  a « « n  in th^^ co i* p l« i» an t*

W i^loaia

A n a ly a ia  o f  PH ta  a t  fliatapbasa I ahouad 

N u lt iv n la n t a  etnd b i v a l ^ t a  i t l Q .  1 6 0 ) .  Th a  d a t a i la  

o f  cNroM oaoffal a a a o c ia t io n  ia  d a p lc ta d  in  T a b la  X*

THa natf) nupibar of haxavalanta waa 0 .0 7  ^  0«37* 4n
wa

a v a ra g a  nunbitr o f  1.14  ^  D«40 q u a d r iv i lo n t a  uaa a la o  

no tad«  Tha ««an nianbur o f  t r i v a l a n t a  p a r  c a l l  uaa 

0*98 ^  0 « 1 3 , u h a ra a a t th a  b lv a X ia n ta  ahouad a naan 

o f  2S«62 *  0*01* <lvaraQa nuaibar o f  u n iv ^ lo n t a  p a r 

c a l l  waa 1«&4 ♦  0 .S 6*  Anaphaaa I uaa q u lt a  n o rm alf 

hoMavjtr» anaphaaa I I  ihow ad i r r a q u la r  a a q r a g a t io n  

( f l Q .  167)» and p o l la n  a t a i n a b i l i t y  W4 s oS.fi'i* T h la  

c u l t i v a r  ahouad good aaad a a t t in g *

2n 1  62  (6m 8 o r  7x  -* l )

'H ah ath iM  Uandhl* and 't ia a tu rb a  &ant#ii* a ra  

two o u X t iV iir a  u h ie h  # io u a d  62 chronoaoM aa In  t h a i r  

r o o t  t i p  c a l l a  ( f i q a .  138 4«d 1 3 9 ) , th a  karyo m o rp h o lo gy
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of uHich im q i y m  in Tatil« V . In *H4hath«a Uandhi*

2 nd* 4t*^ and atN svts u«r« H«t<«romorpHic • In tha 2 nd 

mmtf 3 chrof<ioaonu« with larQur short «rn» could b« 

difltlnQuiahad (fiQ * 1A9) » Xn **C««turba Gandhi*^ the 

1 «t sat w>ia h i ^ l y  h«t4ror»ior^hic dua to variation in 

tha langtH of a*H>rt nrmm* Onm lonQ chramoaoiRe ulth a 

autiMadlan cantroaara appaarad in tha lat a a t  (r iQ* ISO) • 

Hatttroaorphicity waa aaan in tha 7th ( 2  chronoaoMaa) 

and 9th (3  e h r o m a a e i ia a )  aata a l a o «  tha chroMaoaiaa 

of 7th aat had anaXlar ahort arna* uharaaa tha 9th 

aat ahouad Incraaaad ianqth of long arMa« Una amaXl 

tai<x:«ntrie c h r o « o a o n a  uaa found in tha C D m p la m a n t  

of both tha cultivara which did not Match uith any 

•a t .

H a l o a i a

f^ataphaaa 1 in Mrtta of *f1ahath«a Gandhi* 

and ’ Kaaturba tiandhi* rava^lad tha preaanca of bivalantaf 

univalonta^nultivnlanta ate* ( f i ^ »  161 and 162)* Tha 

data ra^arding chramaaOMal aaaocittion in dapictad in 

Ta^la X . Hajority of tha in * ;^ h « t ^ a  Gandhi*

ahouad bivalant formation jind tha mrnm nunbar of 

haxavalonta waa 0«19 # 0 .7 6 .  (^uadrivalanta 0«B3 *  0 .12t 

trivalanta 0*64  ♦ 0»Si« bivalanta 2 6 .5 4  «; D .18  and 

univalanta 2 .4 4  *  0 .3 4  (Tabla X) . In Haaturba Gandhi*
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«v«rjiQ« ««sacl4tion par uas mm folIow«t 

hax«viil0nt« and pvntaviiliants 0*06  ♦ 0*98  «ach« quadri* 

V(tl-ont« 0«7D *  0*29» triv«lttnttt 1«26 ^  0 *22 , blvalvnta 

25«S6 0 . 4 2  4nil univ«l«ntfl 3*64 ^ 0*18« Tha tvXocontric

chroMOsOMs fr<iqu»ntly r«*9ialn«d mm m unlvalant. *\nttph«s« 

•aqr«Qation In both th« cuXtXvara w«a IrroQ uU r.

c
di«trXteution of chruMo«o«as, laQ^rdSf pri^oloua 

«apar4tion of univalanta «tc« unm « 1 «<I «nGountar»d 

(riq* 166)* Thu pull«n atalnsbl lity in 

Gandhi* uas vary lou (20«3 '^«  howavar^ it w«a high 

(eSvV'O in 'Kaaturba Gandhi* • 9oth tha taxa did not 

aat aaod*

2n m 6 4  (7x  ♦ l)

Cuitiv^r *4ifrad Wilson* and *4lfrad tiimpaon* 

h«d 64 chronoaofliaa in tha root tip caXXa* K«ryotypic 

analyaia of tho forMar ahouad that aXX tha aata contain 

noarXy hononorphic chroittoaoMaa* Un« long chroMoaoMa 

with a aubniadian cantronartt waa aaan in tha firat aat 

<ri9 » 151 ). Tha nunbar of chromoaoMaa in diffarant 

aata waa variabia (TabXa V) , :iataXXitic chroaiuaoiaaa 

wara 4 and tha aataXXitaa umtm mmvn on 3 aubMatacimtric
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ohroMo»oM09 (2 In th» 1st sat on« in th« 6th n « t )* 

Th« 4th ttuT chroMOMMVtf h4d a aubtarmlnal c«ntroMar« 

irfhicn tsalungad in tha 7th aat*

2n m 6 S  (7 k  ♦ 2)

y.y.y,q\ypA

Thr«« cultiv^r* having « •o««tic  chroiN>»ocRa 

nuMbttr of 2n •» 5S in th« root tip c«lln  (fig *  140) 

h«V9 h««n karyotypic«liy ttnaiyiifld, th«i d«t« of which 

is mutmmrimmfi in Ttihlo V . Th« tearyoworiJhalogy of onm 

of thooa cultivaro i»  riopictail in Tig* 192. In *H«rvoat 

Ho««* th« 1at» 2nd And 7th »«ta utira h«taro*^rphic «o 

m roault of variatila langth of ahurt arMa within tha 

aata* Howawart conaistant diffwrancua in tha langth 

of long ar>B wara apparent in the 7th aat* Lultivar 

*3ohn Bull* had mora or laaa hOMaworphic mntm ^ d  16 

autitalocontric chro’ioaoAiaa falling  in tha 3rd, 7th and 

9th aata uara charactariatic of thia cultivar (fig«1S?)* 

411 tha fiwa chrowoaoflNi* of tha 3th aat in *3ohn ^ull* 

contain S4T chroMoaoiHia which daolet v/iriation in 

langth of long cins^or ahert ar«a . tultivar 

poaaaaaad high dagraa of haturoMorphicity in 

wjirying aata* In all  c«aaa hatoroMorphicity waa 

tha raaolt of variahla langth of ahort ar«a . Thraa 

aatallitad chroowaoi^a wara aaan in tha co'«plaMant 

of C¥* whioh ^p a ara d  on auhnatacantric

ehronoaonaa of tha ^ h  j*nd 0th aata. «irta «atacantric 

chroMioaafl»« of tha 9th aat alao poaaaosad a aatallita .
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Th« sataliltsA in this cuitiv^r u.%m v«ry oMall in 

•i is «  T^n SAT ehronosoAas a|}p«4rod in *3ohn Bull*,

2 of th«fl« in tH« first salt 3 in th« 2nd «nd S in 

tha Sth a«t (r iQ . tS2>«

2n m 6? (7x ♦ 4}

Two eultivara with a cHroMoaoflia nun^ar of 

2n «  67 uara kari^typicaliy ana lya«*d. Tha dataila of 

karyotypa ia anown in fig* 1S3 and Tabla V* Cultivar

*ionar tianqla* ahowad varying nunbar of hataroMorphie 

aata of chrowoaowaa (f ig *  1S3) • Thn 1at aat containad 

a vary long ohro(ooaoMa with an ar« ratio 7*S (Tfibla V) » 

which could t>m aap^tratad fro* tha othar chrowoaoMoa* 

Similar variation waa found in tha 2nd and 7th aata 

alaA* Dna aMail chroMoaoita with a aadian controaara 

(df T indax 1»0) appaarad in tha 9th aat« In tha 8th 

aat ona chrowoaoaia waa odd* Tha axcaptionally long 

chra**oaoMa aa wall aa abort ehromoaoMa in tha coMpla^Nint 

poaaibly ahewa atructuraX altar^titma* Similarly tha 

7th aat containad thraa cHro«wao«aa with a*«aLLar ahort 

ar««* cv* Ujs karyotypa raaolvad into nora or 

laaa howoworphic aata* In cv* U^s aatallitad

ohronoaofiaa wara found in tha kjiryotypa# ona in tha
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1 « t  m m t a n d  t h «  x m m t  I n  t h a  2 n d .  c h r o n o t t O « « s  o f

t h a  2nd nm t s h o w a d  a l i Q h t  v a r i a t i o n  i n  l a n g t h  or a ^ o r t  

arHa*

Haioaia

Cultivar 'Sonar SanQla* waa naiotlcally 

analyaad 4̂ d  notaphaaa I in PtCa ravaalad tha praaanca 

of univalonta, bivalanta and »uUiwalanta (riq . 163 

^ d  Tabla X) . Tha «aan nuwbar of haxavilanta par call 

uaa 0 .2 0  ♦ 0 .0 1 ; pantav^lanta O .O 4 ♦ 0 .3 5  and fjuadri- 

walanta 1 .1 6  ♦ 0 .6 6 .  Tha trlv^lanta ahouad a waan of

1.0 ♦ 0 .4 4  and bivalanta 27.BB ♦ 0 .1 8 .  Univalanta 

ahowad a "laan of 2 .2 0  j  0 .2 8 .  ^naphaaa aagraQition 

uaa irraguXar and pollan atainability waa 32.S'b. No 

aaad for«atian uaa aaan*

aa,HBm»iSu*lLS

Karyotypa

Out of four cultiwara uith ona B-chro»oao«a 

in th .lr  root tl;. c * U .  ( r i q . .  141-1*3), two h*v« b.-n 

k«ryotyplo«lXy CuUlwar had a ■□••tie

chromoaoM nurti.r 2n - S4 •"«! ’ Innocanc* S6 chro«o.o- .. 

(F ig . 141) • hoth th« euUiw ara tha alia of tha 

n-chro«oao-a waa a - «U . In cv . U , tha oantro-»r. In
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a«*chro«ii9iNia u«s In aubMsdldinp whils in *lnnoc>mc«’ 

it  W4« in tttrninaX position. In cv* 1«t, 7th «nd

8th mmtm um ttt h«t«roM8rphic • In *lnnocancQ* h«t«ro-* 

Morphicity u«a obaarvad in tha 1»t, 2nd and 3rd aats*

Ona odd chrowoaoMa with a aubmadian primary conatriction 

and a amatlar ahort ar>i waa datactad in tha lat aat*

Tha lir^Qth of #«ort ar»a v^riad cgnaidarably batuaan 

tha 9 chro<«oao»as of tha ?nd aatt auch variation waa 

aaan in tha 3rd aat alaa* LuXtiv^r ahouod two SAT

chroauaoaaa in tha 3rd aat« No aatallitic chronioaona 

waa aaan in 'Xnnacanoa**

Haioaia

Cultitfar *lnnoc«nea' waa Maioticaily analyaad»

Am ia tha c^aa with othar anauploid cuXtivara* hara 

alao »ultivalanta» bivalanta ate* wara aaan (Tabla X) •

In 90< of tha PfCm analyaad, tana B-chro«oaona waa 

conaiatantly praaant (riq« 144) • Tha i^-chro»oao»a did 

not pair with ft»chromoaanaa« I n  moat of tha ^fCa 

thara waa pradoaiinant oivalant fori»ation, Univalants 

wara neatly tha raault of aarly diajunctlon of bivalanta 

Anaphaaa 1 waa normal and tha r^-chro«oa&«a waa althar 

found to divida or paaa to ona of tha polaa without 

undargoinq diviaion, Tha pollan atainability waa 

modarataly high whila th« cultivar waa totally aaad 

atarila*
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f
3 9 7  I *

Tw«lv« cwltiv.irs with a ploidy r«nga froa 

4x to 8x w«r« analyaad. cnntant among oultlvara

v«rlad froii 12 .64 to 2 S .3 3  pg, (Tabls XI) and i^owa 

a ratio of approMl«ataly lit,  2t1,  Ss2 among tatraploid* 

pantapLoid» hajtapXold and oetopXold raapactJlvaly. TKara 

ia a poaltiva corralatlon batuaan ilHA contant and ploidy 

laval and tha ragraaalcxi la algniricant (p <  0*01)

(r ig , 1 6 i ) ,



figs* 51-5S* T«tP«plold T«xon (5.tlliput*)

f ig , 9ls Sow^tic chro«o»o««» (2n «  36)

Flo . 521 Photo-idlogra" (H«twa»orphlc
^  mmt »ark«d)

r iQ . S3* a ia k ln *«l« .3 IV ♦ 12 IX, 2 II

« t t a c h « d  t o  t h a  n u c l o o l u a *

ri9* 54* n«taph«*« I* 1 IV ♦ 16 I I .

r ig . 55* 1. 18t16*
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riQ»* 56- 60* Pantaploid T«»« î*o«iitic 
chrOBm»o»«« (2n "  4B)

riQ . 561 cv.

r ig . 57i cv. P j

rig . 58s *K«sturl*
r i g .  59* P h o t o - i d l o q r « »  of • K « » tu r l*

f i g .  60* Photo-ldlograw of cw. P^

H«taro«orphic warkad
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61-641 in Pantaploid Tax*

rig- 611 Oi«kin««l« in cw« P^*

3 m  ♦ 16 U  ♦ 4 I .

rig* 621 Oi«kln0»i« in cv* P^»

1 ♦ 1 111 16 11 ♦ S ! •

riQ* 63: 1 i^  *ic**turi**

2 W ♦ 1 IW ♦ 2 111 ♦ 11 II  ♦ 3 I* 

r ig . 641 W «t«ph«M  1 in ’ Kasturi.

S III ♦ 12 II ♦ 6 I.
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rig** 6S-6BI ^iouin  In Pcntaplold Tax*

rig. 65j n*taph®*« 1 in «K*«turl*

1 IV 4> 4 I I I  ♦ 1 2  II  ♦ a I* 

f ig . 66t An«ph**« 1 In  cv. Pg« 21>25.

Fig .  67i Anapha** I in *Ka«turi* •Houlng

lagging chroito*oM*s« 

rig* 6Bl Talophas* II In cv* P^*

Micronuclsi and fragM«nts*
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r i 9 * «  6 9 - 7 2 1  S c H M t i c  c h r o n o « a M « a  o f

Hoxaploid Tax# (2n - 54)

F i9 * 69) 'Snow

rig. 70i * S p o o n *

riQ . 71» * Laura*

riQ . 72i cv* Pg
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riQS* 7>-7fts S o M iic  chr0M0 «0 M«» of 

Hanaploid Taxa (2n m S4)

r ig . 73* ew.

rig* 7 4 1  *SuRM«r C«a*

f i g .  7Si *noa«twj'

rig. 76t *nohini* (2n «  S2 ♦ 2T)
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riQa* T7-63I Photo-idiograns of 

Haxaploid Tawa

rig* 77: cv«
rig . 78t *01pti*
rig* 79t * Laura*

r ig . aOi *SuMH«r tian<

rig . 811 •Lilith*
rig . 82i * laga««*

rig . BZt « U n d a ’

Hataroiiorphlc aata narkad
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Fiq». B4-90I Photo-ldlOQM"! of 

Haxaplaid Taxa

r ig . 841

F ig . 85» ov. NM^2

r ig . 861 cv . Kj

r ig .  871 ’ Spoon*

r ig . 88t cv .

r ig . e«» cv . pg

r ig . 9 01 "tohlnl* (2n - »  ♦ 2T)

HataroiKorphlc • • t »  Barkod



fIfScS i» i  x iiisn  m r II I
l i m  8SSX x m is  SISSXI lilA«MUe4

t l l f l l l l i  IKIUI H ill ItWM tilti-------------------- J

HUH ill! mil t Mllil e5
KKM lii i i i i  i l i l l l  illX IU

OIU Hill till l i i i i i
(IKIi IKiU 11)111

I______________I

iiiKi j(ii ridiii
i i m  K iu ti i iu t i i  1111)1 t i i i i i i t
nut iiiii nil Ililll • 
m ilt m ill isu iii iiiiiit i lilt
m i l  m i l  u c i  i i i i i i iM  

U ll l )  tililt Hill iilKI i l l l l
■ ^

fn u ii i i  Hill iH ii iiHi ••



riQS* 91-941 in Httx«plold T®*«

r ig . 91* ai*kln*«l« in *Sharad 3hobh«*

1 111 ♦ 2S 11 ♦ 1 I*

fig* 92* n«t«ph««« 1 in •L ilith*

2 IW ♦ 1 111 ♦ 22 IX ♦ 1 I- 

fig * 93i rt»taph«M I 1 " 'L a lq u il* ’

1 IV f  2S 11« 

rig* 94* I in ov.

1 VI 1 IV ♦ 22 11
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riqm *  9S-98I in Hax«ploid Taxa

F Iq . 95i tiataphass * in cw. 0 ^ . 27 II

r iQ . 96» n*t«ph««« I in cv* Y j^ .2 7  IX*

rig« 97i ^^n«pha«« I In cv* 24«30

rig* 9flt J^nap^>«»« XI in cw* *t,inda*-

Laggarda and irraguiar 

aagragation •
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riQ«* 99-1031 M®pt«pIoid T«x«
(2n m 7x m 63}

riQ «.99  fc 100* SoiNitlc chTomowmmm

r ig . 99 I *3ohn Wabbar'

rig*lOO » *Pra«id«nt Vigar*

Fig«»l0 1 -l0 3 »Photo-ldiogr»i« of haptaplold tmnm

F ig . 101 I •Pr««ld*nt Wlg«r*

rig ,  102» ‘Crapa Bowl*
f i g .  103* *3ohn tabbar*

H a ta r o M o rp N ic  a a t a  M ark ad
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riQ«* 109-112 t n«iesia  In OctcjpXoid Taxon

r ig . 109 I n^taphaaa 1

1 V i n  ♦ 1 VI 1 V 4- 2S U ♦ 3 1 ••• 18

rig* 1 1 0  I flataphaaa 1

1 tu 4. 33 XX ♦ 2 1 ♦ ia 

f ig . Ill  s Anaph«tt« X ahouing chro*i«tid brldga

rig . 112 I Anaphaaa II ahowing laggards
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riga* 113-11* * 3o»atic ehm«o*ow«« of

<^n«upl^3id T«*a  (2n - *3)

riq. 113 * cv, Gj

rig. 114 I cv. £̂0
rig . 1 1 » » cv. AAjj
rig* 116 I 'Sharad Wala*
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riQB* 117-121 » Photo-ldlogr«» of

Anauploid Tjixa (2n  m S3)

rig. 117 1 cv.

rig* 118 s cv* s

rig. 119 } cv« ••lO

rig. 120 1 cv. ss,

rig. 121 1 cv« ^2

H«t«rcMRorpHic R«rk«d
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riQ«. 122-125 5 S o m a tic  chronosoM as o f

AnvupXold T«xa (2n »  55)

Fig* 122 t »0«lnty

rig .  123 X cw# sij

F ig . 124 I •Flirt*

F ig . 125 I cw.
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r iq . 126 i  *Oon«ld*

r ig . 127 s *0«iniy Haid*

r ig . 1 2 8  I ow»

r ig . 129 t cv.

rig .  130 I cv. NN^q

Hfltsroaorphic narkad

r i g s .  12 6 * 1 3 0  I P h o t o - A d l o g r a m  o f

AnvupLold Tax« (2n m SS)
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r io * . 131-13S I nalotitt In Anauploid T«xa

riq«. 131-132 * 2 n -  S3

r ig . 131 i 1 In *:>harail R « l« ’

26 XI 1 1

rig* 132 I n»taphaaa 1 In 'AnaMlka*

1 XV ^ 1 I I I  ♦ 22 II  ♦ 2 I 

r iga . 133-131 * 2n - 55

riq- 133 I Mataphaaa I In cv . M3

27 II  ♦ 1 I

rig* 134 I flataphaaa In cv*

1 I I I  4- 26 II 

rig* 135 I Anap^aaa I In 'Dainty n«id*

2711/1*27
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riQs* 136^139 I Somatic chromoaomafl of

)nauploid T«xa

rig. 136 t 'Coldon Naua* (2n > S6)

r ig . 137 I ’ Brons* Turnar' (2n - Sa)

F ig . 138 t *!1ahath«a Gandhi* (2n - 61 « IT)

TflIoc«ntric chromomomm norkad 

flQ. 139 I *K«aturba G ^ d h i*  (2n m *  IT)

Talocantric chrowoaoiiia narkad





rigs* 140-143 t SaiMtic chrofliaaoMas of

An«upIold Taxa

rip* 140 % •John Bull* (2n ■ 65)

r iQ . 141 I •Innoc«nc«* (2n «  56 ♦ 18}

riq» 1 4 2  s *R«d Prlncasa ftiwg* (2n m S4 ♦ IB)

r i 9 . 143 t •Nig«ri«» (2n »  34 ♦ 18)

B -'C hroM oaow na a a r k o d
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r i g s .  144-149 I P h o t o - l d l o g r * ^  o f

iinvupLoid Ta»a

Flq. 144 I 'Gold«n H«y«* (2n ■■

riQ* 14» i *tonni« (2n «  *7)

FiQ* 14ft i •Bronx# Turner* (2n « ii)

rig* 147 t  cv . (2n «  59)

rig. 148 » *Pup«8« a«ngl«* (2n «■ 60)
F ig . 149 I Ganittl*

(2r» «  61 +  IT)

H«t«roM rphic o d d  chronosonis

a n d  t«loe«ntrio 9tm  VMirkttd
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fiQs« 1S0-1S5 t Photo-idiograM of

^naupXold Taxa

r ig . ISO s *Ka«turba Gandhi* (2n m * IT) 

fig * 151 % *AXfr«d Wllaon* (2n ■ 64)

r ig , 1S2 I *3ohn null* (2n •  69}

rig* 1S3 s *Uonar Bangla’ (2n - 67)

r ig . 154 1 cv . (2n «  54 ♦ 18)

r ig . 155 t *lnnocanca* (2n ■■ 56 18)

HataroMorphic sataf odd and chronioaoniaa 

and taloeantrica ara narkad
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r ig t . 156-1S9 s laiosia in Anmiplold Taxa

rig« 156 s rt»tapH«»« 1 in cv» (2n m S6)

1 i n  4- 2S XI 3 1 

m^m the prvcociously dividing 

univalant;;* 

rig* 157 I Di«kin«ais in *tonni« >1ayh«u*

(2n «  57) • 3 I I I  ♦ 23 IX 1. 2 1. 

f i g .  158 I Dinkinaais in Salisbury*

(2n «  58) . 1 1X1 ♦ 27 IX 1 X.

> • 
fig * 159 i ‘lataphaaa X in ̂ uittattnton

(2n «  5 9 ) . 3 XV ♦ 2 XXX ♦ 19 XX *  3 X
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r i Q S .  1 6 0 - 1 6 3  t timiomim I n  T a x a

r ig . 160 S n«t4pHtts« 1 in *Rupaaa Bangla*

(2n  1 6 0 ) .  1 111 ♦ 2S  XX 7 1 . 

r ig . 161 i ^tap hasa  X in 'nahatNna Gandhi*

(2n - 61 ♦ IT) . 1 XV 2 XXX ♦ 29 XX 2 X,

Tig* 162 I f1«tapha«a X in *Kaaturba Gandhi'

(2n •• 61 '*' IT) . 1 VX ♦ 1 XXX ♦

25 XX ••• 3 X. 

fig * 163 t nataphaaa I in *3onar Bangla*

(2n - 67) , 1 IV 4> 4 XXX t- 25  XX 1 X.
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figs* 164-167 I (Imlosis in Anauploid Taxa

f i g .  164 I H«taph««« X in * Xnnocono**

( 2n M S6 ♦ 18 ) •

1 111 4- 34 II 4. S I ♦ 1 S 

(lUchroiROsona Ri4irkfld} •

Tig* 169 t Anaph«s« I in uuitisnton

•Hoying laggards* 

rig* 166 t Lats anaphass 1 in *Kasturt>a 

Gandhi*« Not* ths pracocioMs 

disjunction of lagging uniwalants, 

r ig . 167 I Anaphaaa II in *Rupasa BangXa* 

ahowing unaqual aagragation and 

laggards*
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Tig* IftB I 2 C ONA eontont pIot«d

ohro«oaon« nunbsr of C h r y n t h m j i  

eultivars*

1* a i l l p u t * ,  2 .  «P hyIIi«\

3 . *K«aturi*» 4* cv*

S. cv* P^t 6* cv* UjQ,

7 .  ' N a n « k o \  8* * 3 u n H « r  U«M*t 

* •  'n «Q «n i* , 10 . cv* F j,

11* cv* Ujp 12* "PotoMac**



CH ROMOSOME NUM BER
1 6 8



Tabl« V

\ tm  ratio and karyaworpHology in Lhryant^^wuw aiorifoliu» cultiv«ra

T «xon
T?^poSS^
9omm
Ho.{2r%) TT T T T

L/a Ratio
' wi T m — w m — nr

Karyotypa fonmilaa

Hanaoloid

1 . T. " f r 4 . “ ■tf: ■ 9 . • w : ’ i* i. ■.................. i t ;  ■ ■ ■

T a t r a o lo id

• U l ip u t *

P a n t a p lo id

36 1 .1
(4 )

1 .2
(4 )

1 .1
(4 )

1 .4
( 4 )

1 .1
(4 )

1 .3
(4 )

1 .2
(4 )

1 .8
<4)

2 .9 ( 1 J
3 .3 (3 )

26m ♦  Snm *■ 3 a t

* K a a tu r i* 4 S 1 .6
(5 )

1 .1
(5 )

1 .0
(5 )

1 .3
(5 )

1 .0
( 4 )

1 .2
(4 )

1 .7
(5 )

1 .2
(5 )

3 .0
(7 )

^  * 79m *  7am

ev« 4 S 1 .5
(5 )

1 .2
U )

2 .4
(5 )

1 .3
(6 )

1 .4
( s >

1 .3
(5 )

1 .3
<«}

2 ,0
(4 )

3 .3
(4 )

32m ♦  9aM •» 4 « t

C W .  P j 45 l'.2
(5 )

1 .5
(5 )

1 .S
(5 )

1 .5
(5 )

1 .1
(5 )

1 .5
(5 )

1 .1
(5 )

1 .5
<4)

3 .1
(6 )

39m « 6 a t

m

cv . 54 1.1
(7)

1 .3
(7)

1 .0
(7)

1 .5
(6)

1-2
(5)

2 .1
(6)

1 .2
(5)

1.1
<5)

2 .7
(6)

7rt 3te l2aM

•Dipti* 54 1.6
(7)

1.1
(7)

1 .4
(5)

1 .7
(5)

1 .0
(6)

1 .8
(5)

1 .3
(5)

1 .4
(6)

2 .5

(6)
6f1 3 ^ ♦ 13bm

ev . Wjj 54 2 .0
(7)

1 .3
(8)

1 .0
(5)

1 .6
(8)

1.1
(5)

1 .2
(5)

1 .6
(5)

1 .3
<5)

2 .8
(6)

sn 36m ♦ 13aa

*bhita Cloud* 54 1.8
(5)

1.1
(7)

1 .2
(7)

1 .0
(5)

1 .7

(6)

1 .5

(6)

1.1

(6)

1 .1

(4)

2 .7

<8)

5*1 ♦ 36m ♦ 13«»



T « b l«  V c o n t d .
1. j : ' 3 T " 4. 1.“"“ 6'. "*Trr"‘ 4. -----

■ w r 11. .  l y - ------

Star* 54 1.4
(6)

1.9
(?)

1.0
(4)

1.3
(9)

1.4
( V

1.6
(5)

1.1
(S)

1.3
(4)

3.3
(7)

4« ♦ 36m ♦ 7«m ♦ 7*t

cv« S4 1.3
(«)

1.7
(a)

1.1
(4)

1.1
(4)

1.2
(S)

1.4
(4>

1.3
(7)

1.7
(6)

2.9
(8)

46m Asm

*Snow Whits* S4 1.4
(6)

1.1
(5)

1.5
(9)

1.1
(B)

2.5
<5)

1.3
(5)

1.2
(6}

1.6
(6)

2.4
(4)

4SM 9«m

* taura* 54 1.5
(6)

1.1
(9)

1.2
(5)

1.2
(7)

1.4
(7)

2.2
(6)

1.1
(5)

1.1
(4)

2.5
(5)

43n ♦ IISM

*Su«a«r G«n* 54 1.5
(8)

1.1
(6)

1.4
(7)

1.9
(4)

1.1
(7)

1.3
(4)

1.3
( «

1.2
( «

3.0
(8)

42n 12«m

54 1.5
(4)

1.1
w

1.4
(5)

1.9
(5)

1.1
(5)

1.3
(4)

1.4
<6)

1.1
(5)

2.7
(7)

42« ♦ l2aM

*Silv«r Cloud* 54 1.6
<6)

1.1
(6)

2.3
(4)

1.5
(6)

1.1
(5)

1.5
(10)

1.2
(4)

2.7
(8)

42» 4- 12sm

* U l it h * 54 1.5
(10)

1.2
(5)

1.1
(5)

1.5
(8)

1.1
(S)

2.5
(4)

1.3
(4)

1.2
(3 )

2.6
(8)

42in 4- 12sm

*tlnd«* 54 i .a
U )

1.2
(5)

1.1
(8)

1.4
(8)

1.5
(6)

1.1
( «

1.1
(S)

1.7
(3)

2.5
(8)

40m ♦ I4a«

C¥« 54 1.3
(4)

1.3
(5)

1.6
(8)

1.2
(6)

1.4
(4)

1.3
(4)

1.8
(8)

1.4
(8)

2.7
(6)

40m * 14«m

*a«dg«r* 54 1*5
(6)

1.8
(5)

1.1
(8)

1.6
(4)

1.5
(9)

1.1
(«)

1.5
(5)

1.2
(4)

2.4
(9)

40m *■ 14«M

•a
VO



T a b l 9  V c o A i d *

1 . i . 3 . 4 . S .  " 6 .
y  . . .

8 . 9 . " “iB “. 1 1 . l l .

u 1 . 3
( 6 )

1 . 8
( 7 )

1 . 1
( 7 )

1 . 5
(5 )

1 . 7
( 5 )

1 . 2
(4 )

1 .1
( 4 )

1 . 1
( 7 )

3 . 0
( 7 )

4 O1B ♦ 1 4 sm

S4 1 .2
(6 )

1 . 8
( 4 )

1 . 4
( 7 )

1 .1
( • )

1*4
( 5 )

2 . 0
( 4 )

1 . 1
(ft)

1 .1
( 5 )

2 . 3
( 9 )

37m 4- 1 7 sm

c v . S4 1 . 5
(9 )

1 . 2
( 7 )

1 . 3
( 5 )

1 . 8
17)

1 . 2
( 4 )

1 . 5
(6 )

2 . 5
( 4 )

1 . 1
( 6 )

3 . 0
(ft)

3 7 «  ♦ 1 7 sm

•H o p .* S4 1 . 4
( 7 )

2 . 1
( 7 )

1 . 7
(s)

1 .1
( 6 )

1 .1
( 7 )

1 . 8
( 6 )

1 . 9
(ft)

1 . 2
( 5 )

2 . 7
( 5 )

3 6 n  * 18«m

cv * S4 1 . 3
(1 0 )

1 .1
( 7 )

2 . 1
( 8 )

1 .1
( 5 )

1 . 6
( 4 )

1 . 2
( 5 )

1 .1
(ft)

2 . 0
( 4 )

3 . 2
( 5 )

37m ♦ 12«m 4 . 9 « t ••

c v . S4 1 . 2
( t )

1 . 9
( 5 )

1 .1
( 6 )

1 . 8
(ft)

1 . 2
( 5 )

1 . 9
( 7 )

1 . 1
(6 )

1 . 5
( 6 )

3 . 9
(ft)

30m ♦ 1 8 ^  «' 6 s t
cc
m

c v *  ^2 54 1 . 4
( 6 )

1 . 1
(7 )

1 . 8
( 7 )

1 . 5
( 6 )

1 .1
( 8 )

2 . 5
<5)

1 . 3
(5 )

1 . 4
( 4 )

3 . 3
(ft)

3ftM ♦ 12 mm ♦  6 « t

* ip o o n * S4 1 .2
( 7 )

1 .2
(ft)

1 . 5
( 6 )

2 . 2
(6 )

1 . 2
(ft)

1 .1
( b )

1 . 5
( 6 )

1 . 3
(4 )

3 . 3
( 7 )

41M ft«M *  7 » t

C! V •  ̂̂ 54 1 . 5
( 5 )

1 . 2
( 7 )

1 . 3
( 7 )

1 . 5
(6}

1 . 1
( 8 )

2 . 3
( 5 )

1 . 5
( 5 )

1 . 1
( 4 ) ? : ; ! §

4 3 m ♦  SaM ♦  6 s t

54 1 . 6
( 8 )

1 . 3
( 7 )

1 . 3
U )

1 .1
( 6 )

1 . 5
( 6 )

1 . 9
( «

1 . 6
( 5 )

1 .1
( 5 )

3 . 1
( 8 )

•

41m ^ S a M  ♦  a ^ t

c v .  Pg 54 1 . 4
( 6 )

2 . 1
( 6 )

1 . 3
(7 )

1 .2
(8 )

1 . 5
( 4 )

1 . 4
( 5 /

1 .1
<5>

1 . 4
( 4 )

3 . 1
(9)

39m « 6 m m  ^ 9«t



T«bX« V c o n td *
1. -y;- 4« 6 . ■7.‘ - S . i :  ‘ ‘ iff.*' i i . “ T 5 T -------------

•fiohiwi* S4 1 .4
U )

1.2

(6)
1 .4
(S)

1 .5
(6)

I.a
(5)

2 *3

(9)

1 . 2
<S)

1 .6
(5}

3 .3 (5 ) 
(2) 00

33m ♦ I4»n ♦ Sat * 21

*Cr«p« Bowl* 63 1 .5

(a) (7)
1.1
(e )

1 .4
X io)

1 . 1
(«)

2 .2

U )
1 .2
(S)

1 .1
(4)

2 .9
(7)

43m 4- 20an

*3ehn W«bb«r* 63 1 .4
(6)

1.1
(7)

1 . 6
(6)

1 . 1
(12)

1 .4
( s )

1 .4
(6)

2 .b
(6)

1 .7

(a)
3 .6
(7>

S0« •* 6«B 4- 7at

*Pr«aid«nt
ViQsr*

63 2 .3
(S)

1 .2
<11)

1 .4
(6)

1 .6
(6)

1 .3
(7)

2 .2
(5)

1 .5
(7>

1 . 2
<s)

3 .a

(a)
4te 4- 10«M 4> Sat

Octoploid 

*Gh«n9hl»kh«n* 72

itiplold

1,1
( 10)

1.5
( 11)

2 .4
(9)

1 .2
(7)

1 .2
IS)

1.7
17)

i .a
(7)

1 .1
(7)

3 .S (S )

1 .* (1 )

? f n « r « d
i il
t> 1

S3 1.0
(6)

I .a
(6)

1 .5
(7)

1 . 9
(6)

1.0
(6)

1 .6
(6)

1 .4
(6)

1 .9
( *

3 .6
(5)

^ M ^
- C¥» 00^ 53 1 .4

(7)
1.2
(4)

1 .7
(a)

1 .0
(5)

1 .3
(7)

1 .7
(4)

1 .0
(7)

2J1
(5)

3 .5
(6)

'  H r  ''2 53 1 .6
(7)

1.0
(12)

1 . 7
(6)

1 .4
(4)

1.2
(5)

1 .4
( 4)

2 .1
(4)

1 .4
(4J

3 .3
(7)

- cv. E ,o 53 1.1
(9)

1 .4
(8)

2 .1

(6)
1 .4
(6)

1 .3
(5)

1 .8
(5)

1 .0
(5)

1 .2
(3)

2 .9
(6)

cv. SS^ 53 1.6
(6)

1.1
(6)

1.1
(a)

1.b
(5)

1 .4
(6)

1.2

<5)
1 .4

<6)

1 .9

(5)

2 .8

(6)

S t n  16sm ♦ S s t  \

n

1 2 m <*• 2 4 M Umm # %mt 

I2n 4. 3D« 4. 4- 6«t

I2rt ♦ 30m ♦ 4«» « 7»t 

M  ♦ 31» ♦ 17*»

42pi ♦ lloKi



T a b l«  V co n td *
1 . f . 5: 4 . i ; - - “T. - ■ If.” - 4 . 1 1 . ---------i Y . ...............

c « .  Cg 53 1 .4
(7>

1 .1
(4 )

1 .7
( 4 )

1 .3
(«>

i . a
( 4)

1 .1
(4 )

1 .2
(8 )

1 .5
(5 )

2 .7
(1 1 )

38« 4- iS a a

CV» T 2 93 1 .6
(1 0 )

1 .1
(1 1 )

2 .0
(S )

1 .2
(5 )

5 .4
(3 )

1 .4
(8 )

1 .3
(4 )

1 .9
(3 )

2 .9
(4 )

38m ♦  i 2«m 3ftt

cw* S3 1 .7
(6)

1 .2
(5 )

1 .4
( 7 )

1 .1
<6)

1 .3
(5 )

2 .6
( 4;

1 .6
(8 )

1 .2
(6 )

3 .1
(6 )

43» ^ 4 « «  <4' 6 a t

c * . S3 1 .5
(6)

1 .1
(» )

1 .6
<7)

1 .4
(ft)

2 .2
( 4)

1 .2
(90

1 .8
(4>

1 .2(s) 3 .1
(7 )

38n ♦ Umm 7 « t

*D onald* S5 1 .5
(9)

1 .0
(5 )

1 .8
(7 )

1 .1
(S )

1 .3
(6)

1 .1
(4 )

1 .6
(8 )

1 .2
(5 )

3 .0
(6 )

5ft ♦  37m ♦ 13«M

* O a in ty  n« ld* 55 1 .8
(8 )

1 .5
(6)

1 .1
(3 )

1 .4
(a)

1 .0
(3 )

1 .2
(7)

1 .7
(6 )

1 .1
<5)

2,9
(9)

3^ 35n 4̂  17m

cv« 59 1 .3
(1 0 )

1 .0
(4 )

1 .8
(6)

1.1
( 10)

1 .3
( 4 )

1 .4
(4 )

1 .5
(3 )

1 .1
( 7 )

3 .7
(5 )

4rt ♦  46m S a t

e v .  U2 55 1 .5
(7 )

1 .1
(« )

1 .3
(7 )

1 .8
(8)

1 .0
( 3 )

1 .4
(s)

2 . 5
(7)

1 .2 3.0
(5)

3H 32m «• 20aM

cv* 55 1 .2
(4}

1 .3
(7 )

1 .1
(« )

1 .2
(a)

1 .7
(6 )

1 .3
(4 )

1 .5
(4 )

1.1
(4 )

2 .6
(9 )

46M * 9an

* r i l r t * 55 1 .4
(B )

1 .1
(7 )

1 .1
(4 )

1 .5
(7 )

1 .3
(4 )

1 .1
(5 )

1 .6
(7)

1 .1
(4 )

2 .5
(9 )

46m 9aM

a
K»



Tabla V cc»ntd«
' ■ l-X

1 . 5 . i r 4 . S. • “ T .
r

"§ r - I t f . " 1 1 .

C ¥ , S g 5S 1 ,S
(8 )

1 .1
(1 0 )

1 .4
(7 )

1 .2
(4 )

1 .1
<4)

1 .4
(6 )

1 .2
(4 )

2 .1
(4 )

2 .6
(8 )

43m ^ 12am

e « .  T ,o SS 1 .2
(0 )

1 .1
(7>

1 .9
(S )

1 .3
(7 )

1 .1
(5 )

1 .3
(6 )

1 .5
(5 )

1 .3
(53

2 .8
(7 )

43m ♦  12*m

C V . SS 1 .S
(9)

1 .1
(6>

1 .6
(8)

1 .4
(5 )

1 .4
(8 )

1 .7
(8 )

l . f t
(3 )

1 .3
(4 ) (6 )

A9m ♦ 6 « t

^ t o ^ a n g r in ’ S S U 2
(4 )

1 .7
(9 )

1 .1
(6 )

1 .1
(7 )

2 .0
(7 )

1 .2
( 6 )

1 .S
(7 )

1 .1
(2 )

3 .1
(7 )

41* ♦  7*m ♦  7 * t

CV. NN, S3 2 .0
(6 )

1 .1
( 4 )

1 .2
(8)

1 .3
( 6 )

1*6
( «

1 .4
( 7 )

2 .2
<s)

1 .2
(6 )

3 .6
(8 }

36m l l a n  8 « t

S5 1 .S
(8 )

1 ^
(a)

1 .5
(6 )

2 .6
(6 )

1 .3
( 6 )

1 .1
(s;

1 .2
(S )

1 .7
(S )

4 .2
(6 )

8M 35fli ♦ 6«M ♦ f ia t

CV* S6 2 .1
(7 )

1*4
(1 1 )

1 .2
(6 )

1 .S
(6 )

1 .2
( 4 )

2 .0
(6 )

2 .8
(6 )

1 .4
(4 )

3 .6
( 6 )

31m ♦  19aM ♦ 6 a t

*Gold«n 56 1 .9
(7 )

1 .2
(6 )

1 .0
(8 )

1 .7
(6 )

1 .3
( 6 )

1 .2
(6 )

1 .6
(6 )

1 .4
(6 )

2 .7
(7 )

6 n  •» 36n ^  l4aM

*C o n n la 57 1 .6
(8 )

1 .2
(1 1 )

1 .1
(S )

2 .0
(7 )

1 .S
(y)

1 .2
(8)

1 .4
(6 )

2 .1
(3 )

3 .7
(5 )

42m m. lOaM «• S a t

CV. i»,o Sfl 1 .1
(5 )

1 .S
(8)

1 .5
(7 )

1 .1
(5 )

2 .7
(5 )

1 .0
( 7 )

1 .3
(6 )

1 .7
( 7 )

3 .3
(8 )

7f% 38m « SaM ♦ 8 a t

a
ui



T « b i«  V 6 on td «
1. T r 3« 4 . i r - 6 . T T - 8 . “ •flrr f i V " " " .....“ iiU ';—

•^ran*«
Tur««r*

sa 1*2
(8)

1 . 4
(6)

1 . 6
( 7)

2 .0
(7)

1 . 5
(6 )

1 .1
(S)

1 .9
(5)

1 .6
(6)

3 .4  3a» »  I2an ♦ 3at
(8)

e * .  T „ S9 1 .6
(5)

1 .1
(10)

1 .S
(9)

1 .8
( «

1.2
(7)

1 .8
(6)

3 .1
(4)

1 .3
(5)

3*1 42h  ♦ 5aH I2at
(a)

Ban9la*60 1 .3
(t)

1 .7
<6)

1 .2
(7)

1 .5
(8)

2 .2
<6)

1 .0
(4)

1 .2
(7)

1 .6
(7)

2 . 7  4̂ 1 * *2m * 14a*
( • )

Gandhi*
ft? 1 .2

(7)
1 .« (a )
2 .t (3 )

1 .1
(9 )

1.2
(10)

2 ,2
( 4)

1 .5
(8)

1.1
(7)

1 .8
(5)

3>4(ft} 38a •• 17an *- 6 a i ♦ IT
°C(1)

'K««turb«
Gandhi*

62 1.4(1|
1 .» ( »

1.1
f <8)

1 .S
(6)

1.2
(5)

1 . 2
(6)

1 .5
(7)

1 .7
(7)

1 . 2
( «

3.S<11) 42m •  a«n •  *  n  ~
=< (1 )

U l fr s d
bilson*

64 2 . 2
(9)

1 .5
(7)

1 . 2
(?i)

1 .3
(7)

1 .4
(8)

1 .5
(6)

3 .2
(6)

1 . 2
(6)

c
3 .7  43m •  9aa •  t2rt *■
( • )

*H«rv«at 
. H»aa*

6S 1 .7
(t>

1 .7
(13)

1 . 2
(S)

1 .3
(6)

1.1
(9)

1 .4
(7)

1 .8
(5)

1 .1
(4)

2 .9  S2m *  13m
(•>

«3ehn 9ulX« 6S 1.4
(8)

2 . 1
(5)

4 .1
(B)

1 . 2
(13)

2 . 2
(5)

1 .5
( 1 2 )

4 .3
(«)

1 .3
(6)

3 .2  39m ♦ IO m  *  16at
( ^

C * .  T 3 5 6 i 2 . 2
(5)

1.1
( 6)

1 .4
(10)

1 . 2
(6)

1 .7

(9)
1 .3
(7)

1 . 2
(5)

1 .6
(7)

3 .3  SOn -* inm * lOat
( 1 0 )

*S«nar Hangla* 67 2 .* (ll
1.6(7,

1 . 1
( 1 1 )

1 .4
(5)

1 .S
(5)

1 .4
(7)

1 . 1
(7)

1*4(6)
2 .^ (3 )

1 .0 (
1 .3 (

1) 1*0(1) 2rt 53n «  4a« « 8«t 
5) 3 .1 (8 )



T«bX» V Gc»ntd*

■ -yr" ---T T —"U .— i T ~ “T T ~ n r ~ T C — lb. 11 . - T r :

cv . W j , 67 1.4
(7)

1 .4
<10)

1 .6
(»)

1.1
(11)

1 .1
(7)

1 .7
(6)

2 .1
(7)

1 .4
(4)

3 .5
(7)

S3m « 7mm ♦ 7*t

c « . s«4'ia 1 .4 (7 )  
2 .3 (  1)

1.1
(»)

1 .8
(6)

1 .4
(6)

1 .3
(a)

3 .2
(4)

1 .5

<«
1 .4
(6)

2 .7 (6 )
♦ia

37a 1 3 m  4i»t ♦ IB

’ Innocanca* 96'*'IB 1 .2

(12)

1 .9

(9)

1 .3
(5)

1.1
(7)

1 .4
<4)

1 .4
(4 )

2 .1

(6)

1.1
(4 )

3 .7 (S )
*18

36m -I-15sa ^ S«t ♦ IB

o
m



thromomomm ^•90Cl■ti0ns at M t ^ p h a M  Z i n  Tatroploid 
k * woflfoXiuw cultivar (2n m 36}

¥ j b - ;,- T f ______■ _ .  c t*u ig 5 C T r T !.^so ^^  -----P i m s ;—

Trr:-ji -irmr ... ir" - - -̂ .j a t a in ^ iU t jrY ___  a w » A A ____  A A i
* analyavd M«»n WSigajliEiSi ^a r t^  ffiSni N ^ g a  fCarT

*tlliput* 25 0-3 1.08^ - - 12-18 1S ,64  - - 81 .20
0 *2 5  0«31

o
CN



TatiU VII

ChTomoaomm A9««x:iatlana at M«t«{^aaa I in  Pantaploid 
£ •  »orlfoltuw cult!vara (2n ■ 4 S)

T axon
^o* of AS Pollan

ataina-
blXity

( «

calla V IW Tl'l • ' " l i I----
anaiy* ^an^a naan 
aad

^«nga laan ^an9a Hanga H«an ^afiga■ *■'kir,'-*!' • naan

*Kaaturi* 25  0-2 0 .2 2
♦O.SO

0-1 0 .1 3  
^ • 3 B

0-S 2 .0 9  
♦0.12

12-31 16 .52  
♦ 0 .4 2

1-5 4 .0 8
♦0.59wa

15 .6

1

cw* 25  0-1 0 .2 4
^ . 1 4

0-1 0 .1 3 1-3 1.60 
♦€.44

1S-17 16 .14  
♦ 0 .2Q

s-a 6 .2 0
^ . 3 1

7 5 .9  i«

ev . Pj 25 0-1 0 .3 6
♦0.21

0-1 0 .5 6  
5 ) .2 8

1-4 2 .2 4  
* 0 .8 9

12-18 15 .08  

:  0-41
3-6 4 .0 8

^ . 2 2
8 4 .7



TahU  Will

Lhro«oson« A aso c ia tJ lo n s  a t  «M itaph««aIin M«x«plold 
£* worifoliuw cultivar* (2n » S4)

N o *  o f

T axon caila VI r v ---- T r i ' •*Tr ---r
•taina-
billty

( «

anaiy*-
aad

^imga 3aan ^anga naan f^anga *1«an Ranga HiMn ^anga iliW

*talquila* 25 0-1 CUol
+0.11

0-2 0 .5 6
5>«20

0-2 0 .3 2
;|^.5a

21-27 24 .8 4
t  0 .1 6

0-2 0 .8 8
*0 .4 1

88 .0

•L ilith * 2S 0-1 0 .0 8
♦0.B2

0-2 0 .9 6
^ . 2 4

0-2 0 .0 8
; ^ . 1 3

20-27 24 .84
;► 0 .3 3

0-2 0 .0 7  
-M3.SO

00 .7

*SHarad
nufcta*

25 0-1 0 .1 2
;^ .5 0

0-2 0 .6 4  
^0 .48

0-2 0 .3 2
; ^ . 6 4

21-27 24 .6 8  
* 0 .4 2

0-3 0 .4 0
♦ 0.37

75 .6

* Sharad 
Prabha’

25 “ - 0-3 0 .70
;^0.15

0-1 0 .0 8
^ . 4 1

21-27 25 .37
^ . 7 5

0-2 0 .2 2
- ^.18

85 .6

* Sharad 
Shobha*

25 - — 0-2 0 .6 8
^ . 5 6

0-1 0 .1 2
;^ .3 2

23-27 2 5 .40  
♦ D .84

0-1 0 .1 2
iO .60

9 4 .4

ev. 25 0-1 0 .0 8
^ . 2 3

0-4 0 .2 0
^ . 1 1

0-1 o.oa
^ . 4 1

18-27 24 .12  
*  0 .5 0

0-2 0 .2 4
♦0.32

72 .0

cv. Oj 25 0-1 0 .1 2
;^ .3 0

0-3 0 .92
^ . 8 5

0-2 0 .0 8
;^ .7 2

19-27 24 .0 8  
; 0 .2 5

0 - 2 0 . 2 0
;^.4S

86.4

cv * 25 0 - 1 0 .1 5
^ .2 9

0-4 1.3D
^ .2 4

- - 19-27
♦
23.69
0.13

0 - 2 0 .5 2
t^*15

70.2

■Linda* 25 0 - 2 0 .2 4
♦0.1B

0-3 1.20
^0*56

0 - 1 0 .1 2
^ .7 0

17-27 2 3 .64
20*18

0 - 1 0 .1 2
•M3.07mm

66.5

C3
O



Table Vlll contd*

No* of Xsisi'ijt’IAT fliW' ■ ‘ " Pollan
Tafton

colls Vt u X U IT r ataina*-
b l U t y

(S)

onoly*
•od

^ •n g «  n««n ^ango fltton iloon ftango" Hiiw Ha'»n

CW. S j 25 0-1 0 .1 6
« 0 .S 5

0-3 1.00
^ • 1 6

0-2 0 .2 0
+ 0 .9 8

19-27 2 4 .16  
♦ 0 .3 4

0-1 0 .1 2
♦ 0.37

8 6 .5

25 0-2 0 .3 3
♦0*85

0-2 0 .7 7
♦O.SD

0-2 0 .3 6
^ . 5 5

19-27 2 3 .66  
♦ 0 .2 2

0-2 0 .4 8 8 2 .5

cv . Tg 25 0-1 0 .3 5
♦0.32

0-4 1 .2 5
♦0.39

0-1 0 .3 5
^ . 5 0

20-27 2 2 .7 5  
♦ 0 .4 5

0-1 0 .3 5
*•’0 .1 6

95 .1

cv« 25 0-1 0 .2B
;^ .S 6

0-2 0 .7 2
^ . 3 8

0-1 0 .0 4
♦0,12

22-27 24 .52  
♦ 0 .4 0

0-2 0 .2 8
« 0 .5 S

68 .0

*Whit« 
C loud*

25 0-1 0 .4 2
«0 .2 2

0-3 0 .7 8
^ . 1 0

0-3 0 .6 4
:|^.66

18-27 2 2 .8 5  
t  0 .2 3

0-4 0 .7 4
♦ 0.14

93 .6

cv* 25 0-1 0 .20
♦0.87

0-4 1.20
^ . 9 5

0-2 0 .1 6
♦0.50

14-27 23 .60
^ . 8 4

0-2 0 .3 2
•0 .6 6mm

8 1 .5

cw. Y j , 25 • — 0-2 0 .6 9
♦ 0.45

- - 23-27 2 5 .5 3  
♦ 0 .3 2

0-2 0 .1 8
^ . 1 1

82 .2

C V .  No*^ 25 0-4 1.60
^ . 0 7

0-1 0 .0 8
;^t.lS

19-26 23 .28  
♦ 0 .2 8

0-4 o.ao
♦0.1Q

7 0 .5

o



Chrono*cHi# Aflaocl«tiona at Mat«phaa«Iin Uctoplaid
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Tatala X

Chro»oaoii« Associations st aistspHsss I in AnsupXoid 
C* MorifoliuM cuLtivsrs

T sx o n

CHro* Mo*

- VI ; ......------------ yy  ------- ^ ------^ ........  ...... y

sns** Panqs f^s»n ^~anQ« W m qa W S n q ^ l^ d n  RanQs :i«an Ranqal^san
l y s s d

»o- 
so«a cslls 
Mo*
(2n)

CHRQmJSUill- ASUfiLX^TICM
TT

poTii5r" 
stsina­
b ility

( «

cv»%A^ S3 25 0 -1 0*08
♦ 0 .1 0 “

0 - 3 0 .3 3
^ . 0 7

0 -2 0 .3 3
; ^ . 5 0

2 0 -2 6  2 4 . ! ^  
♦ 0 .3 5

0 -2 1 .0 3
; ^ . 3 0

7 9 .6

*A n a a i-  
ka*

53 25 - - - - 0 - 3 1 .0 5
^ 0 .0 4

D -2 0 .1 0
♦ 0 .3 2

2 0 -2 6  2 3 .7 5  
1

0 -1 1 .0 0
♦ 0 .2 5

6 8 .3

* Sh a ra d
naXs*

53 25 - - - - 0 -2 0 . 2 3
♦ 0 . 4 s

0 -1 0 .1 0
; ^ . 2 8

2 2 -2 6  2 5 .4 3  
♦ 0 .6 3

0 -1 0 .9 2
; ^ . 3 8

7 0 .4

*Kosa* S3 25 0 -1 0 .0 4
♦ 0 .0 6

- - 0 -2 0 .2 9 0 -1 0 .1 2
♦0 .4 7

2 1 -2 6  2 5 .1 2  
♦ 0 .4 7

0 - 3 0 .9 5
♦ 0 .8 3

8 3 .S

* D a in ty  
« a id *

55 25 0 -2 0 .1 6
♦ 0 .9 5

- - &-2 0 *8 7
♦ 0 .1 8

0 -2 0 .3 3
♦ 0 .6 0

1 7 -2 7  2 4 .3 7  
♦ 0 .5 8

0 - 3 0 .8 3
♦ 0 .3 0

80 .0

' 3 h arad  
B a h a r*

55 25 — — — — 0 - 3 0 .4 5
♦ 0 .0 5

0 -1 0 .0 5
:^ 0 .4 3

2 1 -2 3  2 5 .9 7  
♦ 0 .7 0

0 - 3 1 .1 1
; ^ . 1 5

7 2 .4

cw . P 3 55 25 0 -1 o.oe 
^0 .60

- - 0 -2 0 .7 9
♦ 0 .3 8

0 -1 0 .1 2
♦ 0 .4 3

2 0 -2 7  2 5 .0 4  
-  0 .2 5

0 -1 0 .9 2  2P  .0 5
8 9 .2

CV. T , , 55 25 0 -1 0 .0 8  
^0 .02

- - 0 - 3 0 .7 6
♦ 0 .1 4

0 -1 0*36
^O .SO

2 1 -2 7  2 4 .7 6  
♦ 0 .2 0

0 - 3 0 .8 8
♦ 0 .1 9

7 6 .1

c v .  PI3Q 56 25 0 -1 0 .0 6
♦ 0 .5 1

- - 0 -2 0 .5 1
^ 0 -0 3

0 -2 0 .3 5
^ . 1 8

2 1 -2 8  2 5 .4 7  
^ . 1 2

0 - 3 0 .7 1
^ . 3 5

a i  .0



Tabla X eontd#

Taxon

Chro- No* 
»o- of 
•OHIO eoXlo TT

T O T K T

.  _____ w -~ — -—  Y - ---------------------------------------------------------------------------------- t t — --rr r  ■ • • " • i i - t  —  b i u ^
No* «na- WafvJgT’̂ Ŝan ^anqo R<iRg« V(«an Rang« Nanĝ ii n«an f^^Q« (jQ
i7 n )  lys«d

*Connio S7 
Hayhow*

25 0-1 0 .0 3
♦ o .ie

0-1 0 .0 3
^ . 0 1

0-3 0 .5 8
♦ 0.06

0-3 0 .6 8
^ . 6 3

20-28 2 5 .2 7
^ . 3 7

0-4 1.67
^ . 4 5

3 7 .5

*3,M .S«-  5fi 
Xlsbury*

25 0-1 Q*oe
♦0.36

- 0-2 0 .6 9
♦0.27

0-2 0 .4 3
♦ 0.50

21-29 26 .21
♦0.52

0-3 0 .5 7
♦ 0.19

53 .2

•W .K,9ui-59
ttontoo*

25 0-1 0 .1 8
♦0.62

0-2 0 .0 9
♦B.12

0-3 0 .S 4
♦ 0.13

0-3 1 .24
^ 0 .2 0

18-28 2 3 .72
♦ 0.48

0—6 1 .9 5
♦ 0.25

48 .2

*Kup««o 60 
Banqltt’

25 0-1 0 .0 7
♦0.37

- — C-3 1 .1 4
±0*4^

0-2 0 .8 8
♦0.12

22-30 25 .62
♦O.Ol

0-4 1.04
;^ .S 6

9 5 .6

«nah«tHa«62 25 0-2 0 .1 9
; ^ . 7 6

- - 0-3 0 .8 3
^ . 1 2

0-2 G .6 4
^ . 5 5

21-30 26 .5 4
♦ 0.18

0-6 2 .4 4
^ . 3 4

2 0 .3

' Kasturb«62 
Gandhi*

2S 0-1 0 .0 6
♦0.98

0-1 0 .0 6
^ . 5 0

0-3 0 .7 0
^ . 2 S

0-3 1.26
^0 .2 2

23-29 25 .5 6
^ . 4 2

0-7 3 .6 4
^ . 1 8

6 5 .9

• Sonar 67 
Sangla*

25 0-1 0 .2 0
♦0.01

0-1 0 .0 4
^ . 3 5

0-3 1.16
«*‘0 .6 6«N»

0-4 1 .0
^ 0 .4 4

21-31 2 7 .8 8
♦ 0.18mm

0—6 2 .2 0
^ . 2 8

3 2 .5

• Innoca- 56-*l9 
nc»*

1 25 e-1 0 .0 9  
♦ 0 .0 9

0-3 1.27
♦0.17

U-1 0 .2 7
^ . 1 2

22-28 24 .36
;J^.S7

0-1 0 .8 5
^ . 6 5

6 5 .3
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2C nuclaair conti^t« In pg UKA using 
A ll iu m  capa a* at«ndard

Tabi« XI

Taxon 2M «  X UNA (pg)

thrvaanthawuii worifoliuw

cv« «Llliput' An ■ 36 12.64

cv« ’ PhylXls* Sn - 4S 13.47

cv» 5x - 4S I S .12

cv* »P5’ Sx m 4S i4.au

ev. •PI? 3x m AS 15.57

cv* *Nan«ko' 6x - S4 19.41

cv« •02D* 6x m 54 19.17

cv* *rtaga»|?’ 6x m 54 20 .67

cv. *Sumf9«r G«fn* 6x m 54 20 .4?

ev» •rs* 6x m 54 20 .98

cv« •U2» m S5 19.34

cv* •Potewnc* 8x m n 25 .33
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5* DlSCUSalUN

Bmmic ItuiibT

A pMru««l of Tabla H I  shows that th« woat 

connon baaie nuMb«r in th« ganua thryaanth»muw la 9, 

howavart polyploids do not nacaaaarily abou an axaet 

Multipla of tha baalc nunbar) inata^id thara is  a uida 

ranqa of anauplaid nuabara (saa Tabla XIX find XV) • 

Mam  and taa (l**68) found nau anauploid n^wbara in 

thrvaanthawiw apaciaa auch aa t« la ,vcn ^^^^°U Jjw  

(2n m 16) tfvd £ • Indicuw (2n - 20) (Tabla X II ) . It 

la worth ■antioning th«t thsra ia anjch controvarsy 

ragarding tha baaic nuMbar In th* family Cowpoaitaa 

aa auch. In lataracaaa thara ara a larga nu«bar of 

spaclas with n •  4 and n ■> 5 and Turnar at a l . (l'*6l) 

propoaad a hypothaaia that apaclaa with 2% m 9 ara 

polyploid darlvativaa. '^owawar. In tho trlba 

Anthfiwidaaa, to which thrys^thmrauM balonga, th .ra 

la ^  owarwhalwing conatancy of x - 9 .  Powall at JLi* 

(1974) ara of opinion that thia nijBbar would ba 

aatabliahad aa tha ancastral baaa nupbart rathar 

than X »  S> 8f a te . Nuai«roua axawplas ara awailabla 

to ahow tha anauploid radt«:tlon in baalo numbar.
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Thu*, Huziw«r« (195«?) u«inQ chrowoaow* nu«b«r, worpf^oiogy, 

• t e .  concIud«d th m t i n  polyploid co«plox

npmcim* with m m % «nd x «  8 ar« anouploid dorlvativos of 

ap«ci«« with K - f. Similar anauplold racto^tlon la coupon 

In spaclaa of Lrapla wharo a radwctlon In chroMoaona 

nuahar la followad by incraaalnq norpholoQlcal apaciali- 

aatlon (Siabblnat 1^71)• Occurranca of anauploid 

raductl<m In thrvaanth«aHiw< aa atatad abovat could ba 

aubatantiatad with the flndlnqa of Pana (1965a ,b , 1967)•

In Lhrvaantha«mw Carinatuw ha found apontana^JUa Intar- 

c^anQaa occurring In »any gaagraphically iaolatad 

populatlona* I'urthart ha could dlacovar ■onoaomlc 

Intarehanga haitarofygataa and nulllaowlca anong 

proganlaa of croaa batuaan intarchanga hatarozygotaa 

fro« dlffarant localltlaa. In an Intarvarlatal hybrid 

of tha a b o ^  apaclaa* ha found ulth two dlffarant

chronaaoiKa nuwbara in tha ««»*  anthar* In natura* 

thgyaanthawuw Indicum axlata In iatraplold and hanaplold 

forwia* Tha occurranca of 2n *■ 20 In Indlj^uw ahowa 

that it  Wight hava coaa through polyploid raductlon.

Th* conclualon drawn by Solbrlg (1^77) aaana to ba 

moat wldaly accaptad and according to hl« polyplold- 

anauplold raductlon and chro«oao«a loaa ara ballawad 

to ba tha baalc machanla« of chrofloao«a nuwbar changa 

within tha family toa*>oaltaa, aa in othar angioapar«a.



I 116 I

Pjpqa  in t»owaitic nuwt>«rs

T ^ h U  H I  dspicts th* chromoaora* nuMbttr in 

ap«ci«a and in Tabla IV, chro«aao«a nuittiar for cultlvar* 

of t ,  morlfglium la givan. A paraaaX of Tabla I I I  ahowa
mm ... . ■■■»»*««

that tha chroBioaowa nuiibar in thry■ AnthawU"* apacla* 

r ^ g a a  from 2n 18 (2x) to 2n ■■ 198 (22x) • In 

cultivara of worifoiiuw tha »o«atic n u » ^ r  rangoa 

fro* 2n - 36 U n ) to 2n - 75 (8* 4. 3) with varioua 

anauploid nunbara in batuaan* In tha pra»<Hit anaXysia 

of 183 o u U ivara , tha varii^ua chrowoaowa nunbara 

a<n>countarad ara 2n m 45, 53, 54, 55, 56, 57 , 58,

59, 60, 62 , 63, 64 , 65, 67 , 68 and 72. flQura 50 dapicta 

tha nuaibar of cultivara ahowing diffaront chromoaowa 

nunbara, uith tha «oat comwon nuMbar baing 2n ■ 54. 

loat of th® cultivara hj*d 2n »  53 to 55 chromoaowaa*

Pravioua raporta of chrowoaowa nuwbara in 

C. norifoliuM alao ahow a poly-anaupXoid aariaa. Thuamm pî i ai

Shiinotonai (1933) found tha chro«oao«a nu*bar in 60 

3i^anaaa cuXtiwara to wary batwaan 53 to 67, howavar, 

tha «oat coniRion nuwbar ’aalng 2n •  54* SiwiXarXy,

Oowrick (1953) found that 68 tngXiah cuXtivara variad 

hatuaan 47 to 63, and «oat cuXtivara ahowad 54 to 56 

chroiioaonaa with a paah at 2n - 54 . ii«iiar  variation

u .«  rw o rtad  by Ualk.r <11»SS} and Sa-p«on «t j l .  (1958)



who found th«t thm  i^wrican cultlvjirs varied bstuavn 

4 S to 6 4 . Tha momt number in Inerican cult!vara

u a a  2n - 57 . tJourick and El-9ayouiii 1966a) atudiad an 

additional 27 cuU iw ara , tha chrowoaowaa nu«>ar

of which rangad from 2n - 51 to 60 with a paak at 2n - 54 

ikn axtanaiva chroaaaoma aurway of naarXy 294 Oapanaaa 

cultivara conaisting of a ll  tha rapraaantativa horti­

cultural typaa by tndo (I969a ,b ) had ahoun that tha 

ohronoaoMo nuwbar rangaa fra« 2n «  36 to 75+3. It waa 

duita raMarkabla that tha cultivara having larga aingla 

capitula #iowad unuaually a wuch h ghar chroiwaowa 

nuHSbar« ranging from 2n ■* 70 to 75*8 . Ma hao 

ancountarad tha lowaat chro«o»oma nuwbar 2n «  36 for 

tha fir *t  ti»a  with a cartain anall flowarad cultivar 

uaad aa cut flouar in co^marca.

Tha ataova author a attan^ted a correlation 

batwean tha chrowoaoea nuirtiar and tha inf loreacenca 

a iza . Jn all  tha Jibova caaoa large flouared cultivara 

tended to have higher chra«toao«e number. Thue in 

3apaneee cultivara, planta with large infloreecence 

ahawed higher chroaioeowe nunbere ranging fro« 2n »  56 

to 67, while thoae with awaller inflopeacence have 

lower nuwbera ranging fra* 2n - 53 to 55 . (ihiwotoaiai^ 

(1933), Walker (1955) and 3a«vecm ^t  a i*  (^^58) found
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similar corrolation in limirican cuLtivars* !>ouriclc 

(1953)* and Uowrlck and tl-Bayoufii (1966a) conflrwod 

such corralatlcm In L n g l i ^  cultiuara* Lndo (l969atb} 

could racognlxa an appracla^iXa intinata raLationahip 

batuaan flouar aiza and chruwoatjna numbor, only in 

cartain linitad forma of tha larga flouarad chryaanthaeiuMa 

rtoai of tha ^iant flouarad cultivara wara alnoat axclu- 

aivaly confined to for(<*a ultb 2n «  60 (t^ndo, 1969a9b}*

In tha praaant atudy alao an atta(»ipt waa 

«ada for a alMllar corralaiit^n aa nantionad abova*

(aaa aaction 2 ) .  Praaant data ia in confirnlty with 

tha pravioua raporta in tha aanaa that cultiVcira uith 

aoiall and ■adiun-alzad capltula aiihibitad lowar 

chronoaoMa nunbara (2n « 36 to 55; and tha larqa 

flouarad cultivara ahouad a r«nga of aon-itic numbara 

from 53 to 72* Mowavar# aa 3 a«paon at j|l. (1958) 

puintad out. it  ia difficult to drau a corralation 

that th* infloraacanca diiawatar incraaaaa with incraaaa 

in chpw*oao«a numbar* ainca the capitula dia»atar ia 

prone to chanQaa depending uijon the cultural pr«cticaa»

Vqyi^tion in chrowoaoma y d  worphologj^

The chrowoaopa aixa variea uith environnental 

influence and/or dlffarant a>ipari»antal canditione
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(Swanson. 1«J57s RothfaU  and SHemovUchj 1958; Oonnatt 

and » * « • ,  196^)# Osnnatt and Ptiaa (I9b9) hava shown 

that In ;:tqc ilm  csraala and 4XUuw cap,4 thara ia a positlwa 

effact of aga md nutrition on tha chrdwoaows slxa In 

root narlstaMa «nd tha warlatlcan is antlraly du« to 

protaln contont. U ghty  and Plalatad (196U) straaaad 

tha Idaa that critical aatlaiata can taa obtainad only 

aft^r anwlronfiant la cnntrollad and statistical ■athoda 

ara awployad. Lhro«osoMa siza ia aabjactad to ganotyplc 

control aa walls ita aKtant can tharafora ba ^Itarad 

by chan(}aa at tha (janic iaval followlnq althsr Niit>4tion 

or racowbinatlon (John and Lsuia» 1968)• Such ganotypic 

control can awan influanca tlartua-apacifIc variation 

within an organiaoi (Jackson, 1«7l) . Although diffarancaa 

in chrofltoaona sizs in wjirlous cultivara of I h j y aaj*j ;h ^ n ^  

hava not baan studiad critically , in tha praaant invaati- 

gation. in qanaral# thara uaa no aharp aiza diffarancs 

within tha cowplaraant, ao that no dlffarant aiza claaaaa 

sijch aa long, piadium and short could m  racognizad. Tha 

longaat chrowoao**io diffarad in langth only by 1»3 to 1»5 

tiiRaa from tha ahortaat. In diploid spaclaa of fr,hrysan*  

Vyywfle, tha chromosGWa aiza rangaa fram 6 to 8 and 

thara is  gradual sizs dl»lnution thrtnn^out polyploid 

sariaa to C . lacuatra (2n « 198) whoaa avaraga chroiaoao«ia
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9 ixm  is  und«r 3 Jum (Dourick, 19S2) . In tstraploid 

Gultivar analysed In th« pr«««nt ca««, th* siz« of th® 

chro^^flowas ra^Qad fro* 3*8 to S«0 uHaraas in various 

haxaploid cultiw«ra tha aiza r-4ng«i uaa 3 .2  to 4*B >jm* 

Houttvar# tha octoploid cultlw«ir 'Changhiakhan* ahowad 

a dacraaaa in chrofi*oao*aa aiza which rangad fro« 2.V? to 

3 .4  ym» Thua dacraaaa in tha aiza of tha chro»oao«aa 

yith an incraaaa in tha lavui of ploidy ia apparent in 

t ,  MorifoliuM* iuch dacra^aa in chromoaawa aiza in
mm ■■ I II ■ I • I • I*

polypldid taxa la found in savaral gnnara litea *UXjUj» 

(Vad Brat, « i rinum and iaphyranthaa (f'ai"* and

Khoahoo, 1971ata)ff HawarQcglUa (Zadoo gt ftl., 1976), 

iwarvllia (Hjrain, 1977) and thryaanthawuw (U.jtanaba, 

I^SIathfC) • ^coordinq to Darlington (1973; this 

proparty ia an adaptatinn of polyploida to raaolva 

tha nuciaar cytoplaa* balanca naar tha diploid lavaX. 

Thia can alao ba dua to « dacraaaa in tha laval of 

poXynany (Oarlington, 19S8) or by loaing a«alX portiona 

of dupXicatad ganatic watariaX*

rollouing ^tabbina* (1958) claaaification, 

karyotypa of all cultivara fa il  in 2m catagory. Thia 

inpliaa that karyotypaa ^ra raaaonabiy aypnatrical. ^ 

Xack of appraciabXa aiza diffar»nca batuaan tha ahortaat 

and longaat aata ia ona of tha r«aaona for owarall 

atability of th* dagraa of aayw^atry.
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T h ro u gh o u t th a  qanuji t h a t *  i s  u n if o r m it y  in  

th «  fo r n  «nd a iz o  b«tu««n th *  cH ronosow iis o f  thm b«i«ic 

c o « p l» « » n t and in  Many casas c a n tro » * ra »  a r a  m il mmdimn 

o r n e a r ly  m  ( U o u r ic k ,  1«32) .  U h i la  th a  b a s ic  chromosowa 

nunbar i»  9 io  th e  gimua and k a r y o ty p a  o f  qardan c u lt iw a r a  

c o u ld  ba rtff lo iv a d  in t o  Q a a ta , th a  d a t a i l a  r a g ^ d in q  th a  

b a s ik a r y o t y p a  a r a  n o t c l a a r  f r o n  a cow p^irison o f  76 ta x a  

r a n g in g  f r o »  4n to  S n .

Tha axact ancaatry of w*ny of tha garden 

chrysantHaBiuiaa is wore or unknown* Tharw ia a

apaculation that apeciaa like indicjw and JSJilJL" 

foUtJfi { t . sinanaa; hawa baan inwolvad In the dava lopmant 

of gardon chry»anthe«uwa» ^ccordinq to Uarlingtnn (1673)» 

they are darivad antiraly frow hybrida uithin a haxapLoid 

coRplaM of chineoo apaciaa looaaly wnoun at ih,dicujw« 

Nohara (1927) conaidara that the Dapanaao ornawontal 

chryaanthaffiui* ara darivatiwaa fro» wild 

var. aiiontaneuw* Stapf (1933) la of wieu that apaciaa

•wch aa 2£5i5S2?L*5l& (6*)»  k* (6*f 0* 10*) t

t . Upon an aa (6«, a*, lOx, 10-1) ^nd t . !L«Kinoi (2*,

3 k  «nd 4 h) ware alao involved in the origin of gar ien 

chryaantne«uiiti. Tha ai«llarity  of chromoaoaia aiia 

and iiorphology both batuaan and uithin apaciaa and 

a lack of Information regarding the baaikaryotype of
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• laN i«ntaX s p a c ia s  t^ o y m m  ona iPiporttnt la a d  f a r  th a  

a a ta b lla h v ia n t  o f  a b a a lM r y o t y p a  in  g a rd a n  c u l t l v a r a .  

C u l t i v a t i o n  and a a la c t lo n  f o r  a lo n g  tlM a ra a u X ta d  in  

p l ^ t a  b a a r in g  l i t t l a  raaaw b lftn ca  to  t h « lr  a n c a a t r a l  

a p a c ia a .

O i p l o i d  a i i a c i a a  o f  th rv a a n th a w i^ i  auch  a a  

£ •  b o r a a i a .  t  • l ^ a a r a > v u l a a r a ,  t , .  g u p a a t r a  

£ •  n ip p o n ic u w  w e ra  r a p o r t a d  t o  hawa ch row oaow aa  w i th  

M a d ia n ,  a u b n e d ia n  and  a u b t a r n i n a i  c a n t r o m a r a a  ( 1 an a k a  

an d  S h iw o tw w a i ,  W a ta n a b a ,  1*?fl1a) • t f i r p i  an d

iloraa  (1 9 6 8 )  fo tm d  « a t a c a n t r i c  ^ d  a u b w a t a c j n t r i c  

ch ro noaoM aa i n  d i p l o i d  a p a c i a s  v u Iq a ra »  T d » in a q a

(1969)  f o u n d  a u b n a d ia n  an d  a u b t a r w i n a l  c a n t r o w a r a a  

i n  t h a  c o n p X in o n t  o f  d ip X u id  a i i a c ia a  I l k a  t *  c l n a r j i i -  

a a f o l i u w , an d  t .  c o c c i n a u w* T a n ak a  ( i9 6 0 )  a t u d i a d  t h a  

k a r y o t y p a  o f  t a t r a p l o i d  for** o f  i n d tc u w  ̂ una  o f  t h a  

a l a w a n t a l  a p a c i a a  o f  p r a a a n t  ii*y g a r d a n  c h ry a a n th » w u « «  

Ha h a d  ahown t h « t  t h a  k a r y o t y p a  c o n a i a t a  o f  n a t a c a n t r i c ,  

a u b M a t a c a n t r i c  w»d a u b t a l a c a n t r i c  chroraoaow aa an d  t h a  

k a r y o t y p a  f o r m u la  f rom  h i a  d a t a  c o u l d  b a  r a a o i v a d  aa  

%n ♦  ^2m *  0a» ♦ B a t .  Thouq^ ( low rick  m d  t l - O a y o u w i  

(1 9 6 6 a )  a t a t a d  t h a t  t h a  b ^ a i c  co tnp lam ant in  

t .  B i o r l f o l i u n  c u l t i w a r a  h a v a  o n l y  n a d i a n  t o  a u b n a d ia n  

c««ntraiiwr»», thn karyotyp# pattern of alBmantaX ■p«ci»«
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Is rtfCognizabXc In th« compXfi«tont of cultivars anaXysad. 

In additAon to thr»tt c^Xtiv^rs poasasfliad taXocan—

trie chronoao»a«* Houavar^ varloua poXyanaupXold taxa 

did not rupravant tha nodaX karyotypa of aXamantaX 

•paclaa and thnra was no conatancy of tha baaic pattarn*

Iha variation in typaa of chramoaoMaa (fl* m ,

•M and at) in diffaront poXypXoid and anaupXoid taxa 

is rsadlXy apparont from TabXa V. In aXnoat aXX the 

cuXtiv^rs tha Xcjngaat chruoioaona in a coMpXaMant 

(lat aat) containad «atacantrie («) chra«oaonaa. UnXy 

axcaption uaa cw. *>h^rad fliXa' uhara tha lat aat 

shousd an am« ratio of 1 .0  (tt ehroMoaonas) • In aXX 

tha cultivara tha Xaat aat <9th) invarinbXy containad 

•ithar sutMat.tcantric (am; or aub-taXoc««trio (at) 

chru*aaaoMaa« In tatrapXoid ’ LiXiput* typa chromoaooiaB 

uars not aosn (riq* S2) • Amonq pantapXold tsxa cv# 

*Kasturi*, poaaaaaad 9 (1 chro*%ao»aa (T iq . S9) and 

thara was no chroaoaoaa with aubtarninaX cunatriction•

Tha haxapXoid cuXtivars contain 3 catagoriasi tha firat 

catagory ia rapraaantad by cuXtlvara ahowinq varying 

nuMbar of f1 chronoaonaa (TabXa W) . Tha aac«3nd catagory 

ia coMprisad of cuXtlvara having natacantric (n) and 

aubMat«cantric (an) chromoaomaa onXy couXd ba racognizsd* 

Tha t^ird catagory ia compoaad of aXX typaa of chronoaooias
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including tslocantrlGs* Th« hsptaplold cuLtivara liad

•  Ithar nadlar to subMMdi^ or r^rsly subttirMinaX 

c«ntraffaraa« whila octopiaid cuXtivar ctsntainad ■« an 

and at chronoaoMaa*

Variation in tha complaMant of anauploid taxa 

waa not ragular* ^t louar anauploid laval» tha nuMbar 

o f  R chro^oauoNia incraaaa in aoMa cultiv^ira* Thua^ 

thraa oultiwarav *iih^rad ^1al«*t 005 »nd C2 

had 12 aueh ehromoaoaaa• Lultivara with a ao«atic 

nuMbar 3n «■ SS dapictad a ranga of 0 to 6 f1 chromoaoMaa* 

Uthar oultivara uith acnaatlc nuwhara lika 2n m S6, S7» 

98, S9t 60 and 67 had tha a«Ma ranga aa in 7n m SS 

eytotypa* Houavtfr, cva. *Connia Mayhaw* (2n »  S7) 

and 'nronta Turnar* (2n ■« SB) did not poaaaaa any rt 

ehroaoaoMaa* Cultiwara uith 2n m 69, 64 and 6S 

containad appraciabiy high nuabar of aubtalocontric 

(at) chroaoaoMaa, uhan cotfiparad to ath«r polyploid 

m nttfa t anauploid tax4 (aaa Tabla V)* Tha nunbar of 

at chro»aao»»aa rangad f r w  It to 16, houavnr, •warvaat 

HoMa* (2n 65) did not ahou auch typa of chrowoaowaa.

In coneluaioh, all tha eultivara analyaad in tha 

praaant atudy tandad to hava high«r nu«bar of m 

chrowanfiaa and thara la no aalactiwa accunuUtlon 

of any othnr chroi*oa*i«» typa with r^apact to a 

particular polyploii</«f'««P^i'< gr-»da.
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rioyrca  ̂ of chrowoaow^l va^rl îtlon

In addition to th« 4bava » ^ t io n « d  variation 

in karyotypot th« pr<t««nt analysis rsvsaXsd anothar 

typs of hataroiyyosity* Thara was a r«»arkabla 

inconstancy of ths numbar of chro«oaom»B appsarinq in 

a particular sat (sas Tabitf W )• Unly tha tatrapioid 

cultivar ^ w a d  a constancy of cHromoaowa nuMbsr 

within a sat, howavsr, at hi^ah«f 1«m«Is of ploidy 

tha pattarn of variation la diffor,;^t fro« cuitiv^r 

to cultiwar* tHua in 'Lohengrin* (2n «  55) tha 

ssuantH ast s^toysd the lowest numbiir l*e» 2 satacantric 

(»} chroaosoiKes* Tha highest nuMb#r of chru4oao«aa 

within a set u»s 13 m»di«n chronoaowes («) which 

appeared in tha 4th set of «3ohfi Bull* (2n - 65)
( f i g .  1!^). feilure to rdcogniae discrete eeta with 

identical chro«»aaomae in a «et, »«y be tha result of 

ancastors differing in chro«*os«se Borphology followed 

by recowbination between thaw* This leads to tremendous 

reshuffling of chro«oso«e» resulting in chrowoaowally 

unbalanced gasietec which a r e  viable due to buffering 

effect of polyploidy. Union of auch g ^ t e e  results 

in entirely naw chro«»oao«ia cowbinati<3ws* which are 

tolsrated as thare ie some interchro *oso«ia balanca 

and the degree of differ anti at ion of the 9 chro«oao«es
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o f  th *  b 4i« io  ««t i «  v a r y  U t t l *  <O flrlAngton# 1 9 7 3 ). 

A c c o rd in g  t o  3anmm i f  th #  ch ro «o«o «» o f

m p o ly p lo id  how olagoua or ovofi p a r t l y  a o , th »  

q o n o f iil  (Ju p iicati^ 'iO  o f  lo c i  o f  yholw  c ’lffw ow jw o*

p r o v id s s  « t>«l«nco w hich « l lo u »  d a la t< ^ rio u a  w it a t io n a  

in  on« o r  Mora chronooomoa t o  p a r a i« t  in  davalopw ant 

in d  h « r a d it y  undar tH « c o v a r  o f  hoMologuaa» h»rtca 

p o ly p lo id y  ca n  ba a a id  t «  b u f f a r  th o  a f f a c t  of 

chroiausoiMa c K ^ ^ o a  t ^ io h  w ould h4va l i t t l a  ch a n c*  

o f  a u r v iv a l  in  th a  d ip lo id s *

ttaw ch ro « aao » a  co w b in itt io n a  r a a u lt ir iQ  f r o a  

r a a h u f f l i n g  o f  q̂ nommm a r a  b a ln g  c o n t in u a l ly  forw ad 

undar g a r  dan c o n d it io n a  dua tv in t a r t a iv a  and in d ia -  

c r iw in a t a  i n t a r v a r i a t a l  h y b r i d i la t io n  b y  n u ra a ry w a n .

T h ia  wiaw i a  c o rro t jo ra ta d  by th a  p ra a a n t a tu d y  in w o lw in fl 

a c r o a a  batw aan 6 x  (c w . •»an«ko»} a^d a* (c w . » G h a n ^ i« -  

k h a n ’ )  c u l t i v a r a .  C u l t i v a r  ’ H an ako ' i a  a powpon ty p a  

and •0 >»n qh i»kh«n ' i r r a g u l a r  t y p a .  In  th «  p ro ga o y  o f  

abova cro aSf. aa  a n p a c ta d , 7m ta x a n  waa o b ta in a d , and 

in  a d d it io n s  a n a u p lo id  w a r ia n ta  l i k a  2n « 60> 6 1 , 62 

64f 65* and 66 wara a la o  o b ta ln o d . K a ry o ty p a  o f  

h a p t a p lo id  o th * r  a n a u p lo id  w a ria n ta  w ara a n a ly a a d . 

F ro »  T a b la  X U  i t  i a  c l a a t  t h a t  th a  p a t t a r n  o f  v a r ia t io n  

o f  th *  numbar o f  ch ro » a*o » aa  in  a p a r t i c u l a r  a a t  o f  a
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coMpl«M«nt la randcM, « •  ynm thm  c^sa in vnrloua 

cultivara* HorMOvar» theaa anauploid v.trl«nta gava 

riaa to dlffartifit flouar typaa auch aa cinoraria*

(toubla» ponpon, ate . Tnua «n«uploldy raaulting from 

hybridization haa brtsuQht about chrcHnoacNiaX rapattarning 

and aubaaquant origin of naw cultivara*

In tha abova oontaxtp it  uould ba intarnating 

to l-30k int^ tha way In which varioua polyploid and 

anaupXoid taxa ranging froai An to 8x» niQht hava 

originatad. Aa atatad alaauharat praaant day gardan 

ehryaanth^uMa origin«tad froa a coMplax of polyploid 

apaciaa, of uhich indjcuw ia ana of tha inportant 

alamantal apaciaa* Tha Majority of Chryaanthawuai 

cultivara had ariaan froai aaadlinga or in othar 

uorda through hybridizati<>n« both natural aa wall 

as dalibaraia, follouad by aalaction by nuraaryMan, 

t ,  indicitw Qxiata in two diffar'i^nt for»a i .a*  

tatraploid «nd haxaploid (aaa Tabla 111) • In tha 

praaant atudiaa on t .  worifoliuw ona tatraploid and 

two octopLoid cultiv>ira hava baan racordad. rro« 

tha availabia data, it can ba praaunad th«t tha 

tatraploid tax^^n iviight hava originatad aa  a raault 

of a croaa batuaan a haxaploid gardan cultivar ^ d  

tatraploKI for«a of t .  Indlcuw which could giva riaa
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r ig s . 104-108 I Uctoplold Taxon

( •Gh«ngbl»khan*t 2n «  72)

rig . 104 I Uopatlc chro«o«o»«»

r ig *  ^05 I P h o to -ld lo g r« «

(MataronoTphic sat aarksd)

rig* I06*t 0 8 tn«ioal» 

rig* 106 t n«t«pha«« I

(1 V III ♦ 1 WI ♦ 2 I I I  ♦ 26 II

f i g .  107 I fl»tapba«« I

1 H I  ♦ 33 I I  ♦ 3 I

rig* 10 8  t n«t4ph««« I

(2 III  33 II



V a r i a t i o n  i n  chrono8 0«tt nunb«r par •■ t  of m cross 
• G h s n g h i s k h « n »  (2n «  72) *  » » a n s k o *  (2n - S4) .

T^bX« All

T axon

Chrowosoas
Nunber T ~ r r

i s - ^ of c h r o y y » .t t « ^ ^ sst
* i 7 n ~ V !T r “̂ nr

• •

aasdlino 

lio. 1 60 7 7 5 8 5 7 5 7 9
ft*

*io. n 63 6 9 5 5 8 9 4 7 10
03

No. XI! 63 S S a 11 S 7 6 6 10 ••

No. XV 68 8 6 9 6 8 7 5 6 ID

No. V 6S 6 t1 e 6 5 6 5 9 7

No. VI 66 9 8 6 5 5 9 7 8 9



t o  p ttn tap X o id  f o r i i» .  W «paat«4 b a ck  nrQma o f  t h l*  5x 

h y b r id  w ith  4x t .  in d ic t y i c o u ld  p ro d u ce  a 4 x  c u l t lw « r .  

i i n c a  t h i*  Ax ty p «  i s  h ig h ly  w iq o ro u *, «■ i s  th «  c«o» 

in  cw . ’ U i l ip u t *  (2n ■ 3 6 ) ,  u n co n citn i#  a « X a c t ia n  M ight 

hi|V« r o s u lt o d  in  th «  s s ta b lia h m iH it  o f  such  m e u l t i v a r .  

A c c o rd in g  t o  O « r lin q to n  (l<573) •o«« o f  th »  v a r ia t io n *  

in  chrfsnoaocKo nunbar h«wa aria itf^  f r o «  i r r a g u l a r  » a io a ia  

and qmrm c a l l  fo rm a tio n  in  fix  p a ro n ta  and a a a a d lin ^  

u l t h  60 chrofnoaoMaa «ay o r iQ in a t a  f r o «  p a re n t  w ith  Sa 

or c ro a a o d  by 60 o r  in d a a d  any o th e r  known t y p u a .  

iu c h  a ■ ach an iam  ««iy ba t jp a r a t iv o  in  th a  o r iq in  o f  

h iQ h a r a n au p X o id a  and th a  o c t o p lo id  fo r» »  Any a o r t  

o f  chrowoao«m u n b a la n c a  i a  t o la r a t a d  b a cau aa  o f  

d u p lic a t a d  g o n a t ic  M a ta ria X  and low d a g ra a  o f  

d i f f a r a n t i a t i o n  batu aun  th a  b a a ic  a a to  in  a co«plaM «ot*

A c c o r d in g  to  s ta b b in a  (ll* S C ) in  h ig h  

p o ly p lo id a  whan a x t a n a iv a  d u p l ic a t io n  o f ch ro «o ao »a 

f u a t a r ia l  a x ia t a ,  r a g u la r  b a h a v io u r  o f  ch ro « aao « aa  a t  

n w io a ia  i a  n o t a a a a n t U l  t o  th *  p ro d u c t io n  o f  w ia b la  

ga«Nitaa, a in c a  d i f f a r a n t  c o w b in a t io n a  o f  w a r im a  

nuwbar o f  ch ro « o ao « aa  ca n  fu n c t iu n *  Uova and i»un«aan 

(194S> fo u n d  t h a t  f ^  h y b r id  batwaan T r i t i c u w  and

>oroDVron trlchoohoruw. hnth of which ha«a 2n »  *2 , 

ga«« to plant «lth TO chro-o.oi.ii. which 1 .
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du« to thn union of an unraduc^d 

g«mat« with 7n «  42 chrumo«of»«a ulth a partially 

TMducad ona Having 2n «  2 8 . Planta with 2n *  84 and 

othar nunbnra «lQ^)t b« aMpactad to arlna fron tHla 

aa«^ ao that It la potitfitlalXy tha oroganltor of 

a nuortiar of dlffarant llnaa aach with a dlffarant 

ehroineaooia nunbar and capabla of baconlrx] a dlffarunt 

apaciaa ( c f .  Stabblna* 1990 ). In tha ganua i^cch^raa! 

^rawar (l«28) and r.raaal (1Q4S) hava f^und at high 

polyploid lavala a graat varlaty of dlffarant chrofxiaama 

nunibaraf rw g ln q  from 2n w fiCJ to 2n »  120* Wany of 

thaaa nufiibara ara faund in tha rocwntly producad 

*'Nobla tanaa** and ara tharafora tha raault of plant 

hraadlng In rivcant ti»aa» ^teat of tha for*»a» whathar 

auplold Or anauplold, *ira raaaon^bly fartlla* A 

alM lU r  ii'jchanla« aa daacrlbad abo«a» aaawa to ba 

oparatlva In C« marlfollMfi* cofltp^a*.

*iuch dlamgard for chrowoaoita unbalanca aa 

haa baan obaarvad In gardsff* chr yamth»<iu«» haa baan 

raportad In many plant ganata H*«a My a[Cl̂ nt_»!Ua. (Darlington

1069), Cyrtantjw (lalng, 

1962, 1969), Hltalacua iilngh and Khoahoo, 1<»70j Khoahoo, 

1079) , HywanoctlUa and iî aphyra>*tKa» (Ralna and Khoahoo, 

If'Tldyo; Khoahoo and Ralna, 1”71, 1976), *i«E£iSSH& 

bulbocojllum {Oarllngton, 1973) and CladjLqljL*. (tihrl,1979).
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t 131 ;

Uthmt of ««xual »p«cl«» h«vinQ poXy«n«uploid

cytotypas In nature ara trophela va,f,na 'Ulnga, 1940), 

Clj^ytonla vlrqinlca (taula, 1V62), fljwulua (*1c Arthur 

at 1972), atalXarl4 Ictfiolpaa <Chinnappa and

t*1orton» 1974} ate* Baaiiiatt> aav««raX plant Qanara at 

polyploid lavaX ara raportad to havo dagraa of

tolararca to chrot^flOMa unbal«ncat axai^laa «ra uhaat 

<Klhara» 1924), tilcotiana tajbaCMW (iao t , 1933), £)^ua 

and Pgpulua (tawan, 1942), Anthonanthow (aorril and 

Carrol, 1965), Gpaaypluw (Brovm, 1966) ^vena SaSAltt. 

(Hhuah, 1973) and Hordaur^ vulc^^^ra (Sandfaar, 1979) •

It can ba concludarf that cartain kinda of unbaXanca 

ara hardly lnf«rlor to iha noriwX atata «o that 

chanQaa in numbar by qain or looo appo^r to hawa 

littla  affoct* Arxording to John and Lauia (1968) 

auch plant apaclaa ara of ramota polyploid o t  hybrid 

origin* Tha principal diffarantiatlon which oparatoa 

batuaan tha wawiara of a chro«oao»a ooMpla«iH>t, and 

which ia co^axlotant with concapt of balanca i»piiaa 

that diffarant ohro«oao*o* Hava apacific dawaXopwantaX 

quaXitiaa (3ohn and Lauia, 1968). In thia contoxt, 

anothar point worth wantioning ia that in Lhr,ya,anthaw  ̂

GuXtivara ^aX yaad  in tha praaant atudy, it ia uncartain 

uhath^r chrowoaopaa of diffaront aata in tha co«pXa»ont 

ara ganatically alika*



t I

Hud aport«

Another «ouTC« of chr«mo»43«al variation im 

dua to sportina, and m U r q «  nu«b«r of cultiv»>r« owo 

th«lr origin to thi» (Fifl. 1 6 » ) . Th«a« mtlmm •pon- 

t«nooualy and aawaral. cu X tl¥ «a  aport continuoualy 

to qlva ria* to hud apart f « » H t a a . It h«a baan 

aatmatad that ona third of tha eo— arclal chryaanth,rau«a 

orlqlnatad in thia way (Waaachar, 1956 ). fro* a atudy 

of wariooa aportinq fa*»ili«a, aowrioh (1«53) *nd 

aaMpoon at a l .  (19»8) concludad that oftan aportinq 

ia  acconpaniad by ohanqa in chro»oao«« nuBbor.

Chropoaoiiaa «ra loat or qainad at «itoaia  in 

a ariataM  in tha ordinary couraa of growth and 

layara of t l a a u a  "Mat ariaa with ehanqad chro«wao»a 

nuwbara. Tha culliwara baca«o chiwaral !ind awantu«Hy 

nay for- a wholly now typa (Oarlinqton, 1073) . Tha 

naw typa aurvivaa aa nau qardwi cultivar. Jowrick 

and Cl-'iayoiflni ( 1966a) bav« ahown that tha aportinq 

occur, aa a r .ault of thr.a  kind, of «itotic  abnor-

■ alitiaa. Thaaa ara n o n - d i a Junction, iaqqinq and 

atickinaa. of chro»o.o««» at *,n.,rf,aa-. T h . firat 

two « y  r«milt in chanqa in chro-o.o- nu-.ar r .a u lt in , 

in c h ^ q »  of qanatic - «t .r ia l . ^iticwin—  of o h r o - o .^ a  

,nd praaanea of ohro-atin bridqa. -t ^naphaaa »ay laad 

to tha formation of fraq<*.nt chro»o.o— • S.uch fr-q«.nt
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f ig . 169 I of th* *i4ummn* family

of chryo«nth«MuM bud aport 

ahoyinQ tha chronaaoflia nunbar* 

(Afiar i&«Mpaon <|t j^*^19S8)





c H r o M o « o n « a  w a r s  n o t a d  i n  v a r i o u s  J « p a n a « a »  t n ^ l i s h  

,-ind 4> N ir ic a n  c u l t i v « r «  ( • ■ •  I V } *

l u « « «  i l i *  ( 1 ^ 7 2 )  n a t i c a d  d i f f a r o n t  

c h r o m o a o M *  n i M b a r a  u i t h l t i  « n d  b a t w a a n  i n d i v i d u a l  

p l a n t a  of £ • i w ,r i f o i i u w »  Thay fiiund abnornaX aitotic 

d i v l a i o n  i n  t h a  a p o r t i n g  c u l t i v a r a  o f  * A « « g « h « i r a *  

f a m i l y  (2n *  S 6 )  a n d  in apartinq a p a c i « a  o f  

k* a h i w o t o w a i  (2n m S4) • Th« abnornal M i t o t i c  d i v i a i o n  

in * ^ M a Q a h a r a *  f a « l l y  uaa 2 .12  p a r  c«nt and C . ahiwatoiMii 

i t  u a a  1*0S par c a n t .  Th« h ig *« a a t  r a t a  o f  M i t o t i c  

a b n e r M « l i t i t t a  (S*fl''0 u a a  f o u n d  in a  c u l t i v a r  *K1- 

a M « q a h a r a * f  u h i c h  u a a  p l a c a d  i n  a  b i ^  t a a p a r a t u r a  

coftdition in t h a  d a y  t l M a *  f r o M  tbia s t u d y  l u a a a  

a t  1̂ 1 •  (197?) c i m c l u d a d  t h a t  i t  i a  p r o b a b l a  t h « t  

M i t o t i c  a b n o T M a l i t i a a  a r a  co M M o n  i n  h a i i a p l o i d  

c h r y a a n t h a H U M a  a n d  t h a  f r a q u a n c y  o f  a b n o r M a l i t i a a  

i a  a f f a c t a d  by t h a  a n v i r o n m a n t a l  f « t c t o r a »  a a p a c l s l l y  

t a H p a r a t u r a *

t h l M a r a a

I t  h « a  b a a n  a u q q a a t a d  t h a t  L h r y a a n t b a w u p i  

c u l t i v a r a  a r a  p a r i c l i n a l  c h i a a r a a .  By r a a r r a n g a x i o n t  

o f  c b i M a r a l  t i a a u a *  a p o r t a  c o u l d  o r i g i n a t a  u i t h o u t  

c h a n g a a  i n  c h r o M o a o M a  n u M b a r  u i t h i n  a  p l a n t *
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Th« «warsfJortinQ natura of momm cultlvarii ilka Mnna* 

had b««n «xpl«inttd on th« basis of such s structure 

(^ndsrson, 193$} • PophsM «nd Lhsn (1930} dlstinquish«d 

fivs z(m«s in th«t shoot arsx of t^s cultivstsd chrysan- 

thsnu»s« Ths outsr zona, th« tunicsf consists of 2 to 

S esXL layers of which tho outt^rnost Isysr dlvidss 

snticLinslly and p«riclinally . an srror in call 

division is  ttost iikaly to rasult in a nsriclinal 

chiwsra. h l^tsrsl branch with a psriclinaL 

constitution can jirisa from a RMiriclinal tisaua 

dspatfding upon tha typs of call division and indssd 

aiost chrysanthaMum cultivars ars of p«ricXinsl 

constitution* Houavart only thoaa changas which 

involva tha sacond layar of »ariataM will affact 

tha flowar colour* Aa naw roots arisa andogsnously» 

it  doss not raprasant all call layars* tha chrowosowa 

nunber obtainad fro« roots cannot bs axpsctad to show 

ths complsts chiaaral ntaka**up of tha cultivar.

^nausowaty

AnauaoMHitic variation contributaa som s  

dsqraa of karyotypic hatsrozyQosity in L h r y s ^ fft ^ *^  

cultivars* Oowrick ias^son ^t ijJL* (1988),

Dowriek and Cl-*layou»i (I966a ,b ) ^ d  Iwaaa at j|l.

(1972) obaarvad diffarant ehronosowa nuaibars within
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root tip* of sportinQ cultiv«ifa« Th« «rk«ua(iM4tic 

nuMbttr raportvct by th«»a authors is  r«pra««nt«d in 

Tabl* IV . In chrysanthaivuffl sports, in Majority of 

thfl oaaaa, chroMoaoaaX varl’itli^ ia rollouad by ch«nga 

in flouar colour* Howavar* fau aporta wliK eh«nQod 

flouar colour uara raportad to hava tumm ehronoaoflio 

nunbar (^««p«on mt 1958| Uouriok and Ci-Bayouvit

1966«) • Tha axtravia caaa of atiauaomtic rHduction 

raportad by i>ouriek (19S3) waa in tha 'Favourita* 

fa^^iiy* 4 loaa of 7 chronoaomaa in 'Coldan r^vourita*

(2n "  94) raaultad in tha origin of ':»Huffila 

Tavourlta’ (2n »  4 7 } . Houavarf rocfciction in chroMoanma 

nunbar uaa follouad by uaaknaaa and aorpKolaqical 

dafornation. 4nauaoiiaty has alao baan raportad in 

varioua p l ^ t  qanara Ilka tr^bidopaia (BouH^rMount,

1969)« CXaytonia (tawia* 1^62), ^ ilit^  (Khoahoo at j|l-* 

1966), HordauM ( P a ^ 4tny, 1963) ate . Unlika thrya^t*iawuw, 

anauaovatic chanQaa in ornanantal t^Ma lika jEsryJLUa 

(Khoabao and Marain» 1967), Lrinifi, HywimocalUa and 

Zaphvranthaa (Raina and Khoahoo, 1971b), hava not 

playad any aionific^nt rola in tba oriflin of n«u 

taxa* In  Crinun, HvwanoGaiUa m d  lm phyrm nthM »f 

an«uaa«aty ia attribut.ad to hybridlty ^md polyploidy 

(Khoahoo and Raina. l"’7 i ; . J^ccording to thaaa authora, 

polyploidy par ag could diaturb tha nuclaar-call voluwa
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ratio and anauaoii.itJLc o^iangos ara an int^lcation of 

tha raatorailon of original ratio . Mybrldity Involving 

ganio and/or cyt«pUa«ilc cowUlnntlon could upaat tha 

ganatic control of chrowoaoma <ind pplndla bahavlour* 

Howavar# In oNryaanthoMu^ aporta tha anauaon.itlc 

varlationa hava raaultad froM Mitotic ahnornwiXltlaa 

Ilka non-dlaJunrtinn, lagging of chromoaaMBa« 

paralatanca of ehro«atin brldgaa ate* (Dowrlck, 19S3; 

iteurlcw and CX'-SayouMlf 1966a»b)«

*^aryotvplc M«taro«w,r^>hlclty

Ona of tha «lgnlflcant narkara In chronoaoaaa 

la tha poaltlon of cantrowara* ^aaad on thla# ar« 

ratloa ara calculatad for a^ch chroaoao«a tnd zygotic 

conplaaanta ara raaolvwd on tha haala of tha langth 

of chro«oao«aa and tha arw ratio* Fro« tha k«ryotypa 

of varloua polyploid ^ d  anauplold tana of £ • worlfollua 

It la apparent that h»taro«orphic aata of chroaoaomaa 

appaar In tha coMplamant Irrt^apacilva of tha laval of 

ploidy. Tha lat aat In almoat a ll  tha cultlvara ahowad 

a«iall but conalatiint variation in tha poaltlon cf 

cantroMfiraa« Houavar, aa It uaa difficult to racord 

tha variabla ar« r^tlo of all tha chroaoao »aa in a aat, 

avaraga v«lua ŵ ia aatabliah«d for aach aat (Tabla V) •

i 136 t



In Majority of th« k.iryatyisic hataroMorphlclty

U4« to tflthor 4 ch^ngM in total langth of th« 

worpholoqical hoiiiologu«a or vari«tion in «irn langth 

«nd a «hift in controaarlc position. Uuch changas in 

cantrovarAc position and an altarad ar« ratio Might 

hava baan brought about by paricantrio invaraiona* 

Paracantrlc invwralona may not ba racognizad by 

atandard karyotypa analyaia unlaa^ thay involwa ana 

of tha Major chronoaoraa M^rkara auch aa a aacandary 

conatrietion or obvioua hataroc^roMatic aagf^nta

and i.awia« I96t) • Structural altarationa ara 

aloo aaan to bn oparativa in t hrvaanthmauw cuXtivara.

In aoMa cultlvara Ilka *K;iaturba Ganctii* (2n «  62} 

'^ Ifrad  kllaon* (2n m 64)« *Utinar ^angla' (2n - 6 7 ), 

ate* ona vary long chroMoaoN»a appaarad in tha flrat 

aat (riga. ISit tlS and 1S3) • In *:ionar )$angla* ona 

amall chromoaoMa uith a «adian cantro«ara uaa aaan 

in tha coMplaNMint. Troi^ rig. 193 it ia apparent that 

parhapa a raoiprocfil tr^alocation  haa occurrad in 

*Honar dangXa'• Sinil^r otructural changaa Might 

hava playad an in^ort^nt rola in tha origin of 

karyotyplc hataro^wrphicity in othar cultiwara alao* 

Such hataroworphlcity could alao ariaa dua to hytarldity, 

tharafora* an indication of tha diffaranca batuaan
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p^rant^X t«M«» or May Hava arlsan ttubsvquant to th« 

origin of t*i« cult!vara. K*ryotyplc h«t«ro»orp^ilclty 

in g«rd«n chry««nth»imjn can b« iwiintainad through 

vagatativa nultipUcatlen  aa ia tha caaa with ow y  

plant gan«ra Xika ;^lliu« (iiingh ^  1967) f

Awarvllia  <**arain and Khoahoo« 196?a, Narain, 1977), 

Lrinuw^Hywifioc^liia ^nd jLaphvranthaa (Raina and 

KhoaHoo, 197la*d«a) and Hawarc«alXia (iarfoo at 

1976 ).

*>-chrowoaowa«

tMaaXl otid chroHOsoMaa wara found in tha 

coMpia^ont of fau cultiv;ira« Thua if* *Kaaturi*

(2n »  4S), C¥a« hMl4, M ohini* (both 2n •  S4) and 

ov« (7n «  SS)« th« odd chro<««o*a had aubnadian 

eonatriction* In 'Grapa ^oul* (2n »  63) and 

*Gh«ng*ii«khan* (2n m 7 2 )^  tha aMall chronoaoMa waa 

aubt aloe on trie typa« If' arfditlonp John Uabbar* 

cw tain ad  anothar 9 » a l l  watacantric chrotiwaowa*

'iionar Bangla* (2n «  67) alao ahowad a Matacantrie 

odd chroiioaawa* Apparantly, thay "ay look lika 

D-chronoauMaa, but thay ara faulqan poaitiva and 

tholr nuiribar ia conatant and appaar to ba ragular 

nmmbara of tha cowplanHHit- i hvomomamm fraa»«ita



and «maXI chronoao«aa h«v« baon raportad for dlffaruni 

•p«cl««  or th« Qsnusy 4nd cuitiv«r« of C . «orlfoliijp»

Thua ihlnotoMai 0 ^ 3 2 }  otsvarvod t frac^«nt In m larga 

fXowarad cultivar *Kikuaan* (2n m S9y and in a aMall 

flouarad cultivar 'Tana*iin' (2n »  S4) • Th« axact 

natura of thaaa fraqnant chromoaonaa waa not elaar* 

Oowrlck (1953) obaarvad 64'*^f oonatitution in a iarqa 

flouarad IlnqiiaH cultivar 'turbulent' «md Oot»rick 

and tl-SayouHi (IQftbir obaarvad 1 fragrant in *traaM 

Prlncaaa Anna* (2n «  S3) • Tha poaaibility of thaaa 

fragManta balng IS-KJbronaaoMa can not ba ovar ruiad* 

Dowriok (19S2) obaarvad 2 aMall fraq»anta in C . Xacuatra 

(2n m 198) which wora In fact auchroMatic with aub- 

tarMinal eantronaraBf and in £* coryboauw v^r* 

potarlfo liuw and ■ilXafoliatuw (2n •* 18) on# iao-**) 

waa Xocatad in the karyotypa aa waXX aa In Maioala* 

favarqar (1^63} obaarvad 0 to 1 auparnuMarary fraq«ant 

in £ •  ircuti^nuw (2n «  36) «nd 0 to 3 in hwtttrophylluw 

(2n «  72) and t .  wontanua (2n m 54) • Fukuahi»a at a i « 

(IQfiS) raportad two typaa of n-chrofwaonas and f^) 

in gardan cultivara of t* wtorifoXiuw* Tha had a 

nadian cantroaara and a autowadian cantromara. Tha 

nunbar of 8a r^*ngad fro* 1 to 2 (aaa TabXa IV) • Endo 

( 1969a, b) conductad an aiitanaiva chro»oaawo aurvay of 

nearly 285 cultivara of gar<^an chryaantheMuwa grown
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In J«pan* UmI of th« total tunm  atudiad, S .4 ^  u«r« 

found to h«v« IB-chrfMoauMa in thair aoMatic calXa*

Tha cjltivara oftan a^Kiuad 2Fl-chruMoaoMaa»

In tha praaant atudy, ^-chro«HiaoMea wara 

Locatad in root tip caiia of A cultiVvirat aueh aa 

cv. (2n « 54 ♦ 1 B)» 'Niqaria* (2n m S4 *  19), 'Rad 

Princaa tnna* (2n « S4 ^ IQ) ûnd ’ Innocanca (2n « 56 + IB)* 

Tha maiotic bnhavluur of S in * ln n o can ca*  w^a aXao 

atudiad* In gv« tha H*chro«^ona had a au^inadian 

conatricticsn wharaaat tha othar cultlvars contained 

aubtalocantrie Ba» Howavar» tha 3-chronoaoMa in 

M nnocanca* w^a t a la G u n t r lc  typa. Cultivar 

*Chong^iiakhan’ (2n ■ 72} ahowad tha praaanca of 111 

in aona PtCa anaXyaadf heuawart it waa coMplataly 

aliminatad from tha root tip calia. S-chromoaoMiaa 

obaarvad in tha praaant atudy uara anallar to % 

chreM0 a0 Biaa« which could ba raadily racognizad fru» 

tha lattar. Thair axact natura of origin and «oda 

of trananiaaion ia not (cnoun» houavar» thay ara 

■aintainad in cultivara through vagatativa propaqation.

Talocantrica

Anuthar aourca of variation in tha karyotypa 

ia tha occurranca of talucantric chroMoaomaa* Two
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talocantrlc chroMO«oaifia w«r« ob««rv«d in *f1ohini* 

f2n a B2 •*> 3T) and on& »jich in *Kaaturb« (^ndhi* «nd 

•rtahathw* Gundhi* (2n »  51 ♦ IT) • iin* t#lac:«ntric 

i»chro«aaoii« uqa notad in cv. Innocanca (2n « 9b ♦ 18) • 

Talooantrics ara uauaXly ragardad aa aphaWttral producta 

of eantroaara «ladivialana vihoaa futura la linitad t>y 

tha cantric Inafflcianc-y or by ctsnvttralon to ahort 

Xivad laachro»oaonaa (DarllnQton, 1939« 1940) c f .

J<in«af 1976) • Hau(svi»r# racantly trua and atabla 

taXocanirica hava baan shown to axiat in diffarant 

pXant ganara Xika ?*athuacor<;^m (Uavan and iMawnXIar, 

1938}, Itainitachi^ (Khoahuo Jind Ahujat 1963)  ̂ Lycada 

(narch«nt, 1963) Cginuw (:^naa  and ^aithi 1967)« 

Trjdajacantii^ wicrantha (Jonaa and coXdvn, 1960),

*̂iQ<tXXa doarf Xwri (&trid« 1968} , HywiOTQcaXXia 

(l^aina and Khoahoo, 197l«), ri<jw«rocallia (iladoo at aX>. 

1976) t Crocua (9viqhton, 1978)» ate. In Chryn^nthawuw 

cuXtivara tha talocantrics appaar to ba noriaai «nd 

atabXa laaMbtira of tha con^liiMant • Th«ir bahaviaur 

mt aiaioaia la not v«ry cXaar« howavor« in ouXtXwar 

'hohini* tha two taXiicantrica for«ad a bivaXtfnt and 

in *Kaaturba Ganc^i and *«1ahathMa Uandhi* ona 

taXocantric reoiainad aa a univaiant in woat of tha 

PiCa* In thryaanthawuw apociaa auch aa t* coryfiboayw 

v«**. ^otarifoXiw  ̂ and «i XIafoliatuw (both 2n « 18)
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tf) acc«ssory cHroMoaontf was found to iiisdivid«

tfid qiv« rifffl to two t«ilocflffitrlc« (^iourick^ 1**S2) • 

Unlik« Z«>hyranth» <R«ln«, 1^69j VTaina and Khoahoo, 

1971a) in which IKa taIoc«mtrlca ancountarad in tha 

cultivara aaai* to h«va baan Inharitad fruai tha 

alaotantal apaciaat in Lhryaantha«u« cultivara thay 

appaar to ba of vacant orlQln. Thara ia no incraaaa 

in tha nuMbar of talocantrica with tha grada of 

ploidy «a waa obaarvad In H<i^a,rcy,̂ ,ili<i (Zadoo ^  jJL*» 

1976).

Talocantrica may origlnata apontanaoualy 

by braakaa* of biarnad chro^'Roaonaa* John and Hawit 

(l*)fi6} and 3ohn and tawia (1968) h«va diacuaaad tha 

light Microacopic avidanca for tait^antric chrowoaoMaa 

in aninala, and Tod^l (1970) haa advocatad cantric 

fiaaion aa a major factor in canid phyljqany* 

ionatiiiaa talfscantrica orlginata aa a roault of 

dalwtlon of ahort ara in a highly acrocantric 

chro»oao*ia. Thua in chrvaanthawuw cuLtivar« *riohini* 

(2n m S? * ?T ), it ia plaualbla to augqaat a aimilar 

■achanian aa that of OxaXia d i ^ a r  in which tha long 

arwa ara aalaotad in conpariaon to ahort arMa fc^ich 

containad daiatarioua g^maa and a dalation of a*ailar 

ar^ raauXtad in talocw trica  (Harka# 1957a) •
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S««dllng dntm  «ugQ«at«d th« dstrlMantal natur« of

short ar»« «nd •  poaitiva ••lactlon  for taiocantrico 

rovulting in 6 to 10 toXaeantrics in tN« progany (>%arka, 

1957b| John and tauia» 1968 ). Viothar poaaibillty ia 

that a dalatlan In tha cantrowara of a pair of «ub- 

■atacantric ohroatoaofliaa and loaa of tha lo n g  arMa 

could raault in two anall talocantrica. Tha origin 

of ona talocantric in *K«aturt>a Gandhi* and ' lahathna 

Ganc^i* could bo dua to Miadiviaiona in a »at4c«ntric 

ehromoaoMo raaulting in two tal*3ci^trica with aubaarjMoht 

l>3aa of ono of tha*i or it mmy ba duo to tha loaa of 

short ar« in a highly aerocantric chromoaoMa*

W u61ao^r cHrowosPwaq

Nuclaolar chrovosonaa wars praaant in mhmmt 
all tha cultivara atudiod« but owing to a«all aiia 

of tha satallitaa and ovar-condansation of chronusoMsay 

nost cultivara did not ^ o u  any SAT-chromoaonas* Tha 

nuclaolar organizara appojirad on tha i^ort ar« of 

chroiMsonaa in all  tha cultivara analyssd. Uaually» 

satallitaa uara saan on chrowosowaa with nadiart 

and au*»«adian cfanatrictioni oftan aubtnlocantric 

chromoaoMott wara als^ ftjund to hava aatallitaa*

Thara was no constancy of nunbar* i/iich rangsd fro«i
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0 to 10 in various paXyttn«upXi3id t«xa. *Ciliput*

(4 m) sh«u9iJ 4 chroMo«ofR«s, pttnt^plaidu 4 to 

S jmd hsxaploid cultivara 0 to S« Un« «nauploid 

oultivar *3ohn BuXl’ (2n «  69} cont«lnfid 10 SAT 

chroMonoMtts* Ulstributltsn of SAT chroniosOMsa in 

diff«r«nt nmtm u^s at r^ndon ( • • •  suctiun 4} •

3o«« cultivars •Mhibitad h«t«roMorphicity in 

nuclaolar Pair«i rcaulting froM variation in 

loneth of chroMoaoMoa in a aat or dua to a ahift 

in cantroMaric poaitlon and altarad mrm ratio* Aa 

atatad adrliari auch hataronorphlcity waa obaarwad 

in non-nuclaolar chroHioaaaaa aa uull, uhictt ia 

attributad to para or paricantric Inwaraionat 

tranalocjtion «tc*

Oiploid a^aciaa of Chryaanthamiw, i. «nipponicuii. 

uaa found to hava only 2 SAT chroMoaomas^ uharaaa 

£ •  rupaatra. t .  yulQara, £ •  linaara. £ .  w^kino^

£* t>oraaIa ate. ahowad 4 to 6 3AT chrowoaoMaa (Tanat<« 

and Shi«otomai« 1961* 1968; Watanabat 1981a)* Tanalca 

( 1999a) found a dacra^iaa in SAT chrootoaonaa in 

k* faoraala* TanakS- (i960) raportad 8 nuclaolar 

chroMoaomaa in L_* indlcuw (2n ■ 36) and 8 to 10  in 

variaua hybrid foraa of tatraploid £ • yoahinAaanthuw* 

Uatanaba (l«81a ,b ) raportad intraapscific variation
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In thu nuMbar of chromanommm in high polypluid 

•trains  of n«tivtt Chry«jinthi»wti« apmcimm »uch « •

£;• i»Pon»n»<i (2n » 6« •  Sa) * and oynatuw (2n ■> 8x * 

72) obtaln»d fto m  dlffartmt geographical rangaa* Tanaka 

and Shimotoaal (1^61) concXudad that a dacraaaa in 

nuRtMr of nucX«4iXar chro«taaooNia May ba raaponalbla 

for th« avoXution of dipXold apaciaa ouch aa 

£* nipponicuw and t« rfcyaatra* Houavar* no auch 

curraXation ia poaaibXa in cardan chrya«ntha»UMa. 

Oourick and CX-nayounl M966a) obaarvad 1 to 2 bAT 

chroMoaoMaa in varioua aporting cuXtivara *Hnr»ony*f 

•ffonald*, *rrad iihoa«ith*, *Apricot ^  i ady* t ate.

In tha praaant Invaatiqation an incranaa in t»>a 

nu»b«r of SAT chro«i>ao«aa with an incranaa in th« 

grada of pXoidy waa not obaarvad, which may avan ba 

indioativa uf hybridity batuaen taxa invoXvad in tha 

oriQin of th«a« poXypioida. In auch hybrid taxa 

th# atrongar nucXaoXar organiaara auppraaa tha 

uaakar onaa, a phantananon known aa awphipXaaty 

(H«vaahin, 1934). SiaiXar non-confirT»ity h«a baan 

obaarvad in aavaraX othar pXant ganara Xika \XXiuR 

(Khoahoo 1960| «ingh at 196?j Vad Brat,

1969af Oyar, 1963), t^rinuwi (Jonaa and a«ith , 19ft7| 

(9aina and Khoahoo, 197ia ), ^awarQCAikXa. (iadoo s k  

1976) and AwaryXXia (Marain, 1977). Tha appaaranca of
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varying nuwbar of chroMoaoMss In cultiv^rs wiy 

«lttO b« du« to « r4ndo« sv^rtiQ^tiun of chroMio«an«« 

li^ich w ill to Accumulation or loos of such

chrof<io»oM«ii« Ths «ppo4r«nc« of 10 ttAT chroMosoMss 

in cv* 'Dohn 9ull* (2n »  69} night haVa r««ult«d in 

4 ainllar f««hion.

fWioolo

Th« only raport of «Mlotic atudy in gard«n 

cultivaro of wwrifoXiu« ia  that of Uourlck (1953), 

otharuiaa thara la paucity of infor«4tlon of tha 

nalotic ayatam in thia poly-anauplaid conpIaK. Tha 

only tatrapluld cuXtlvar found In tha praaiMit analyaia 

ia *l.iliput'ff a button forM} tha probabla origin of 

which la diacuaaad alaauhara by tha praaant author.

In thia tatraploid tanon, nataphaaa 1 ahouad fau 

guadrivalanta and in «oat of tha calla bivalant 

formation waa aaan* Mo triv^^lanta and univalanta 

uara obaarvad* Anaphaaa aagrag^tion waa quita 

ragular raaultlng in high pollan atalnability and 

good aaad aatting. Tha praaanca of faw quaohrivalanta 

ia  indicatlva of aagpantal alloploid natura, whara 

aoMa hataroganatic pairing ocoura raaultlng In anall 

nunbar of Multlvalanta. uthar chro«oao«aa of tha 

coii^>la«ant for« only bivalants dua to prafarantial

pairing*
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In th« pimi«plald taxa* nultlv«l«nts, 

blvalanta «nd univ«I«nta w«r« asvn. ^mong th« 

■uitlvtil«nta •ncour»t«r«d» pant«valttnt« and quadrl- 

vnXanta wara fau whila triV4l»nta uara rathar »ora 

(Tabla V l l ) .  Unlvalanta wara obaarvad in all tha 

taxa atudiad. P raa^ca  of partt«v4innta indicataa 

alMilacity batwaan tha Qanoosat Howt9var« it la 

difficult to dafina tha natura ^ d  axtant of pairing 

in larga nunbar of bivaXanta and triv«iXanta« The 

raaaonataly good nunbar of trivalanta and unlvalanta 

may ’ja dua to potantlal quadrlv;ilflnt fornation 

raatrlatad by coH^atltlon in pairing. \u  ajipoctad 

of an odd nunbarad polypluid^ «n«ph«a« aagragatlon 

ahowad high d«graa of Irragularltlaa raaultlng in 

lagging of chro««oae»aap forM^tlon of Micronuclai 

ate . Houawart th«ra w«a good poll«^ atainability 

in « l l  tha taxa axcapt in cv. 'K «aturl*• tow 

pollan atalnabllity in *Kaaturi* «ay ba du» to tha 

praaanca of high nuMbar of trlvalanta which 

aagraqata irragularly raaultlng In tha production 

of unbalancad ganataa. Only cv. aat aaad and 

othar cultiwara did not f o m  aaada*

Flaioaia in haxaploid cultlvara uara 

char^ctariaod by tha praaanca of louar numbar of
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ttultivalontw «nd pr«Cdoninjint bivalant fornation* 

H«)cav«l«nts u«ra ocM:««ian«lly found* uhil« qu«ctrlv<al«nt« 

w«r<i th« MO«t coMMon typa of Multiv«l«nt. Pont«V4liint« 

and trlvai«nt« wars rathar rara* Univjilanta orlglnatad 

aa a raault of pracocitMja aap«tratlon of AuLtiv«Xanta 

or biwalanta* AnapH«aa 1 waa Qtm«rally noraiaX uHaraaa 

an«ph«aa 11 waa highly lrragul«r* Inapita of aagra* 

gationaX irraguXaritlaa thara uaa (jood daai of poXlan 

atalnabiXlty and aodar^ta aaad aattlng* •iccording to 

Stobblna (1990) noat of tha poXyplold taica of 

L h r y ^y th jii^  atudiad by ShiAotuital (1933) ara 

probabXv of autoaXiopXoXd origin* AutuaXlopIulda 

ara uaualXy found at h«xapXoXda and M ghar Xav«la 

in which two Or nora ganomaa ara darivad fro« on« of 

tha parantaX apaeiaa and onXy on« ganoimi fron tha 

othar ( S i t t b b l n o t  1947a, 19S0). Th« duplicatad 

gano««a fron ona parant may pair to for« niuitivaXantat 

whllff praforantiaX pairing of tha g«noiii«a froa th« 

othar parant will giva riaa to bivaXanta. In thia 

Caaa a highar nuathar of inultivaXanta <̂ ra axpactad, 

howavar* in worifoXlyw cultivara th«ra la a 

raduction in tha fraquancy of nuliivaX*nta (TabXa W ill}. 

Fro« thia It oan ba infarrad that the flrat forwad 

cultivara way ba autoaXXopXoid in n«tura, houavar»



thm  »tructur«I «utatifin» jnd rocanblnatlon h^va 

Ittd to «odlfic«tlon of tha qmom^m und«r Qard«n 

candit ons« Tho a«condary nodlflcation o f  qonoMoa 

uiXl la«d to raducad pairing or KoMQoXogoua 

«aaociationa» raaulting in louar nunbar of nultivalanti 

Tha atruoturai hataronorphlcity of tha qanomaa ia 

app^rant fro« tha karyotypftc an«ly»ia of tha 

euXtivara* In thla contaMt nantion nay ba nada 

of Dowriek*a atudiaa on haKaplcld cultivara of 

L* SStiLEsAtifll# uhara ha found louar nunbar of 

»ultivalanta« Tha «axiMun aaaociation obaarvad 

by hlM uaa quadrlvalant which ara axplalnad aa 

aaaociation of four howolagoua chroaoaoMaa or 

intarchanga eoioplax (i)owriek, 16S3) • Incidanoa 

of intarcNonga hatarozygoalty la claar froa the 

karyotypic analyaia and In anaupluid cultlvar

* ionar Bangla* (2n ■ 67) tha coraplaMMmt ahoua a 

posaibla raoiprocal tranaloe^tion invuXving tuo 

chro«oaoMaa« Houavar* it haa not baan poaalbXa 

to datact auoh Intarohangaa MaloticaXly. Tha 

quadrivaXanta and othar nuItivaXanta «ay includa 

intarch.^nga compXaxa* which uiXX ba nlatakan aa 

homftoXogoua aaaoclationa* In addition to thla» 

tha abnorMaX naioala In eultlwara raauXta In random 

aagraqatlon of chronoaonaa during qmrm caXX 

fornation and in tha raaulting hybrid progoniaa 

thara ••ay ba pr«dDmin«nt bivtiXant formation.
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In th« praaant study» fm u  h«Kaploid cultiv«ra 

•houad dlploid-llktt malotic b u h m yd jw  chnrnctarlzad 

by pradomlnfint blvalant forMjition* According to 

□•rlinQton «nd ^ t h o r  (19 32) tho largar oHro)^ao«ofl 

aro «Mpact«d to for« *aora utulilvjiltintat Houavar* 

though tha alza of th# chromoaonita In C . Korifolluw 

la nadiuM to larqa« fftiltivalant r»nidtic»n lo 

raatrlctad* tatart ^rriaf»n i|nd Rajhathy (1960)

Hava shown that Multiv^lonta ara forMad Irraapactlva 

or chromoaoRiB aixa* io tha rtigularlty of blvalant 

for*atlon obaarvad in h«Maplold gardan cultivara May 

ba acouuntad for aoaa aort of ganatic control of 

diploidiaationt a •achaniam raportad in Triticuai 

(Rllay and Lhap»an« 19Stt> and in cotton (KiMhor,

1961) • SlMilar <iachania« h«a ba«^ anoountarad in 

varioua pltf>t gan«ra aueh aa h«K«ploid oata (Rajh^thy 

and Thonaa» 1^72), Vorhyta (Ithoahao and Arorat 1969), 

L«ioaia (KhoaHoo and Pa If 1973)# Faatuca arundin^caaa 

(3auhar» 19?»), polyploid Ihryaanthowy apaciaa 

(Uatanaba, 1977a), CXadioIua (Uhri, 1979 ). In a 

racant atudy by tatanaba ( 1981a ,b ,e ), th« ganatic 

control ayatafli of diploid“ lika waioala h*a baan 

clarifiad  in varioua polyploid LhrvatintK«-«MW apaciaa 

lika |aoonanaa Nakoi (2n «  6x •> S 4 ). C • orn;itMW
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M«nsl«y (2n •• Bx «  72} £ • cr̂ ««uwî Kita^^ra

(2n ■ 10m - 1 «  89) • This h«a bs«n wttrifiad by 

th« cytaqonatlc analytic of intnrapaciflc hybrida 

obtainad batwaan polyploid tmd dlpl ild t4xa» thalr 

back oroaa proqaniaa titc* In  all tha hybrldat 

hoMe^logoua chroaiuaotta palrlnq fron diffarant baaa 

a«ia darlvad rron parantal apttclaa uaa axtanaivaly 

obaarvad. Tha Qanatlc control theory of dlplold- 

llka «aiaaia »ay ba eofapatibla with allQht nodlfl- 

e^tlon of tha xyooa«r« localizing aodal propoaad 

by aavaral authora O o h n  and Handaraon, 1962; Svad,

196# and Sybangot 1966a) • Tha diploid-lika naluaia 

in fsolyploid taxa of Chrya*ntha*»uw ntuat ba anaurad 

by tha follouing ganatic ayatan although all  of tha 

constituant ganaoiaa of thaaa polypluida ara aufflclantly 

hoisolugoua to pair with aach othart (i )  Chro'noaona 

pairing ia initlatad at two altaa, ^ and 9  (tha 

xygoflteraa locallxa In two Itjci of tha chro«oaoiRa) t 

and thay ara undar Indapandant and fundamantally 

diffarant controlt raapactlvaly» (l i )  At aithar 

aita pairing ia alwaya tuu-«by-tua» with tha pairing 

initlatad at tha ^ aita baing indapandant of that 

initiatad at tha 8 aitajt <ili) Th« initiation of 

pairing at tha A vita alwaya pracadaa that at tha 

a aitat and <iv) Tha initiation of pairing at 9
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■it« i»  usually tuppraasvd by Multlpl»" or polyganic 

control (krat4n4b«, 1^fl1««h,c)# Th«s« conolusiona mrm 

«• d«tailad ««iotie  mtudimm both of th«

•  Ivfliantal apaelaa and cultlvara and axpari««ntal 

hybrlda naat- to b« undartakan* It «lQht alao ba 

poaaibla that in tha paronnial taxa of t* worlfoliuw 

grailual dlvarganca of howaologuaa by aalactiva 

accumulation of «any aMall c h ^g a a  of chroaoaona 

atructurOff laada to tha aatabliahnant of diploid- '^ 

Maioaia.

The Maiotic bahavlour of octoploid csultlvar 

*(^anghiakhan* uaa nora or laas similar to other 

polyploid taxa* Tha hlQhaat aaauci^tian ancountarad 

waa octavalont uhioh asauiittd chain or ring ahapa*

Iloat of tha P ^ a  ahowad louar nultiwalant fraquancy 

(T^bla XX) which ia again an indiCi<tion of aagaantal 

alloploid n^ituro* Zn 44 par cant of tha l^^a« ona 

9-chromaao»a waa obaarvad* Tha inconaiatant 

oceurranca of 3-»chrottaao«a <>iay ba dua to tha 

aliMination, through anaphaoo lagging, ^ d  nitutic 

non*diaJunctiun during flowar initiatiun or prawaiotic 

diviaiona laading to tha for*tiition of P ^ a  (Jonaa*

197S} • At anap^aotf bridgaa without fragnkmto wara 

obaarvad, Thia «ay ba tha raault of non-tar«inaU«4tion
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of bivalonta and Cign X«4d to random br««kag« of 

chroMOoofiios ona or two points* (Ibvlouslyy it 

rooulto in dofIclancitis and duplication of aoao 

aagnianta* '^naphaaa II w<is highly irragular* whlla 

pollon atainability waa vary high. Th« cultivar 

did not aat aaad*

ioiiioia in anauplciid cultivara waa 

charactoriaad by tha pra««mca of 4 Xarga nuabar of 

bivaianta and fau nuitiv^Ianta and univalanta* In 

odd nunbarad anaupXoida tha axtra chroatoaoaa ramainad 

aa a univaXont, occaaionaXXy it aaaoci^tad with 

biVdXanta to form  trivaXant* Huuavar* iJowriok 

(1953) did not find ^ny trivaXant aaaociation in 

anoupXoid ouXtivara with 2n ■> S3 and S5» Though 

anaphaaa aagragation waa highly irraguXar in aXX 

anaupXoid taxa* tha poXXan atainabiXity uaa 

appraeiabXy high and fau oultiwitra aat aaad.

In aXX tha poXypXoid anaupXoid taxa 

•tudiod, tha poXXan atainability waa raaaonabXy 

high irraapactiva of high dagraa of waiotio abnorMa- 

Xitioa* Thia *«iy ba dua to tha high poXyploid natura 

of tha taxat with tha raauXt that gain and/or Xoaa of 

chro«oau«ia(a) arising fro» naioaia with aagr««g4tiunaX 

arrora can ba toXaratad waXX. Thia ia in accordanoa
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with the otisnrvatlons in poXy«n«uplold Hihlacu^

coi^Ux (^Inqh, 1^71; Khuahoof 1979), 

L<Ithn paul,#iitylt (Kootin UJoodallf 1971} »

I (Ralnat 1^69, R^ina and Khoahoof 

197?«), (UadioXua (Ohrl» 1979)» ato. Ha corraUtian  

euuld ba obtalnad batuoan pdllan atain^billty and 

aaad formation aa all tba eultivara forM aaad. If  

artlflelaXXy polXinatad* Lack of aaad aat in Xarga 

flowarad cuXtivara *>iay b« liua ta tha ^boanca of 

inaact viaitf aa th« ray fXorata ara anor»ouaXy 

long and tHa inaacta h«va no accaaa to tha piatiX . 

Houavart uhara th u  diac ia conaplcuoua tha 

poXlinatora viait tho capituXuM and affactiva 

pollination takaa pXacat raaaofiabXa anoimt of aaad 

production raaulta*

conta|n;t

During tha paat SO yaara, tha ralation 

batuaan OHA contant of nuclai -tnd th# avaXutiim of 

karyotypa haa baan a aiajor flaXd of invaatlgation • 

CorraXationa hava baan r«»cordorl batuaan changaa in 

QNa contantt both incraaaa and dacraaaa, and v^rloua 

MorphoXoqicaX* phyaloXogicai and blo-chaMloaX 

charactariatica» Th»aa ahou that ^uantitativa 

changaa in  tha aiwiunt of W A  par nuclaua way pXay a
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consl{lor«bltt rola In cbitiirMininQ 9 0 mm kind of 

evolutionary inctudinq tho«a th m t m f fm c t

ragolatiuns mm wail 4a th^ of ganatic

infurwation praaant (tttabHlna, 197ft)• Lam inq  to 

thrvaanthbkup, Oowrick and Cl^f:)ayouMi (1969) notad 

aiqnlflcant dlffaranoaa In tha nuclaar contant 

in varioua diploid apaclaa* Thtu-a ara slnllar 

variatlariB in thi« triplold and tatroplold apaclaa*

Tha n i^lai of thraa h«xapluld apacl«a tttudiad, 

contalnad idantical OKA contanta* it h«a baan 

■rguad th«t th« phvnotyplc^lXy almllar diploid 

•paciaa «ay contain alMllar nuntwr of ganaa, 

houavar* tHa ulda variation In total UNA contant 

Muat «aan that aoflia of tha nuclaar UMA la 

qanatieally inactiva and that aona apaclaa contain 

ralativaly iarqa quantitlaa of thia Inactiva UNA 

(')owrick and tl-Oayouwl# 1?>6*») • In tha praaant 

atudy involving varioua poiyploid/anauplold taxa 

of £ • worifollMW* thara la a dlract corralatlon 

toatuaan t3NA contant and th« grada af ploidy 

(rig* 168) • Tha alight diacrapancy In iJNA valuaa 

ulth raapact to ploidy laval (Tabla XI) »ay ba dua 

to chronoaoiMl raahuffling and/or raarrang««anta 

which thaaa cultivara hava undargona during avolutiun 

(aaa pravloua chaptara for dataila )•
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6 .  OfilGlH AKP LViiCUTXUW Of URKAntNTAt J A M

Unlikti wa«t ornai'*«nt«l plants (tran« and 

Laurunc«9 1952| Horn, 1968J itf'd Khoahoo,

1969; Uarlinqton, 1973| Khamhoo and f*«X, 1973;

KNoahoo and Uuha, l97St 2adoo ^  19761 Narain

m d  Khoahoo, 1977j Khoahoo, 1979| ohrl, 1979) 

gardari chryaanthanuMa hava aXnioat wall racordad 

hiatory of doaaatication* Tha tbinaaa wara QroulnQ 

ir:iprowad forHia canturiaa back« and tha firat urittan 

raport of tha cultlv^tad chtyaanthanuna dataa btck 

to 900 0»C . Tha original q^irdan chryaanthonuii waa 

probably a alnglai Many-*f louarad cultiv^^r and 

cultivation h«a raaultad In tha tr^nafor^atlon of 

tha corolla of individual florata in on« of followlnQ 

diractionai tha amall fiva toothad dlac florata gava 

riaa to aithar broad ray florata or ait#rnj*talyf 

alengatad without aplittinq and raaultad in quillad 

or taaaallad for*»al incraaaa in tha diac flivata 

praducad ananona typaa- Thaaa changaa have baan 

accoflpaniad by gradual diaappaaranoa of stafwia* 

Soiiatinaa tha aiia  of tha anthar «ay b« raducad, 

and only atalk <way ba praaant* uhila in othara tha 

atanana totally diaappaarad (Uourlck, 1953 ). Thuugh 

gardan chryaantha«u«a hava baan cultivatad in China
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Longback, «otu«l inprov«^i«nt b««n affactvd In

3npan ov<ir 1000 y«jir« a9 0« snd l.atvr in t.urop« «nd 

AoMrlea. B«a«d on th« av«ilabia litaratura aa alao 

tha praaant work, an attaapt H^a bayn aada to 

raoapltulata tha v-<trioua atapa which tranaformad 

ohrya^thaHiuma fron a uild  to m euLtivatad plant* 

sueh a atudy halpa to itfiraval tha natura or gidviatic 

avoiutionary procaasaa nccoMpanying doMaatlcntion 

«a alao halpw to daviaa «athodology for furthar 

iMprovaMant*

Lika all tha eultivatad p l ^ t a ,  praaant 

day gar dan chry«antha<auma hava baan davaiopad by 

conacioua and unconacioua aalaction by nan ovar tha 

yaara froM wild apaciaa of tha ganua. Tha wldaly 

accaptad t h a o r y  !■ that tha nwdarn chryaantha«uMa 

ara tha roault of hybrldlzatiofi batwatf' two baaal 

apaciaa t ,  indicu»< and morifQliun (£.. ■li.nyA^ 

(Ha»alay, Hanalow, 1897* R a iU y . 1953$

Uiawallar» 1947j M o ry , 1952* *>owrlck, 1953j 

»ickoraon» 19»7| k>oolman, 1957| t i , 19S9| Cunning, 

1<i64t Gorar, H»70j Ojirlington, 1o73| Pizxatti and 

Cockar» 197*5 Haywood and Huwphriaa, 1977).
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1b n«tlv« to China* it Is du«rfar 

in h«bit b««rs ««all pri>»itiv« dalay-*ilk» flouara 

almaat yallou in e a l 'w *  Tha flalicata atam baara thin 

and anall roliaQaf aap(»cl«Ily naar tha baaa« l-a«ivaa 

ara Qruan on both aidaa« flowar haada ara amall and 

nunaroua ^ d  tha du^rf hnibit of thia apociaa dia- 

tinguiahaa it froa C« "o ^ jT o U iy , Tha aM«LL flouarad 

gar dan chryaanthavuma ara au.ipoaad to hava ariqinatad 

f rom  indicun.

£ •  "*otiroIiMW (C^. ainanaa) waa first 

idantifiad by M<axiMDuicz, tha wild form of which 

ia a robuat plant, vary variabla in follaq« and aluaya 

(«ora or laaa tmtantoaa and tha ray florata ara diffarant 

in colour fron that of tha diac (HaMalay, 1869 ). Tha 

flouara ara 3 cn acroaa uith raya conaidarably largar 

than tha dia*«atar i f  tha diac* 4a a ruta, tha colour 

ia roay lilac to lilac-pink, m raly  uhita with 

contr^ating yallou diac ton«a« £ • wqrifoliuw (C »ainanaaj 

ia auppoaad to ba forarunnar of larga flouarad 

chryaanthamu«ia«

flany author a baliava that apaoiaa othar 

than jndicuw and £ • raori fo l̂iuw ainanaaj hava 

alao baan involvad in tha origin of tha praaant day 

gardon chrysanthawuaa* Thuat Utapf (1933) conaidara
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th^t £ •  4 w«ry dlaiinct •Pocias with

•oMauhjit »occuIant Iv-avas and pJtnk flau«r«d h«ad» 

tOQttthar ulth ornjtuw. L* J«pon»n«> Jind C . Wji^kinoi 

H«v« baan Involved in tHm origin o f  gardan chrys4nth«»uiia. 

Ha conaidara that orii^tal gardnara would not iqnora tha 

naturaily occurring apaciaa and that t« m o T ifo liu m  haa 

raauitad froM thair hybridization. Bailay (19S3) aaya 

that t*  ornj^tMW ia a forti of indjcuw  ̂ Hohara (1927) 

baliavaa that 3apanaa« ornanantal chryaanthanuna ara 

darivativaa froa wild iU.nanaa var* apont.yiauw*

Huggina (1946) incXudaa £ • coronariw  aa an alanantal 

apaciaa* According to Ur* f1«kii:no, Jap an eaa  apaciaa

£ • SStiLllBitiSl f*a««t« var* apontanauw llakino (t^* iapo- 

Nakai) ahouid b« conaidarad tha original spaclaa 

of our cultivatad chryaanthamuaa (AnonyMoua« 1967}*

Uthar Japanaaa aciantiata Ualiava that £ • zayadakii 

X a t il J b ^  Kitan* and £ • rubaXIu*n Saalyt ara tha 

original baaal apaciaa* which ara found in Koraa#

Mongolia ^ d  China with faw planta in aoMa diatricta 

of Kyuahu, Japan. Prof. ihiro Kitamira founded tha 

thaory that horticultural chrysanthafmina raauitad 

from croaalng or diploid £ •  t a v a d ^ ii  n tatraploid 

C» ind^cuw and autiaaquant d^Mibling of tha chroaoaowa 

nuMbar in tha hybrida W  through a croaa of 

octoploid for" of tha forwar with tatraploid
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Indicom (^nanynoua, 1967} • '\ccording to Oarlington 

(t973) th« o^rdan forna ar« d«rlv«d sntlraXy froM 

hybrids uithln « hsxaploid conplax of Chin«a« spaelaa 

laoaaly knoun «« Indicuw> and fro« tHis complaxt 

n«w wild typaa of diffarant Qaograp^icai raoaa hava 

baan continually croasad with tha «ain yroup of 

ornamantala*

Tha foragoinq viaua ara only tantativa* In 

racant ti«aa many apaclaa» auch mm t • xau^dakll,

£* ^^tlailuw» nipponicuai« ate* haVa bean axtanaivaly 

■■ployad in tha in^rova^Kimt of gardan for"Ni (riory*

19S2$ CuMMing, lQ64t 3<iOkaon, 1Q7l) • Nothing

laaa than canturiaa of davalar^mant cmuld hava chaftgad 

tha wild growing apa&iaa of Caatarn 4aia» into colourful 

chryaant*^aMUMa firat aaan In tha waatorn world. Tha 

avolutionary changaa In a i^an of ovar 2900 yaara 

could mmkm it difficult to prova th»aa apaculatIona*

Ht»torical

Th« history of gardim chryadtfithaMun ia 

acarcaly racordad frow ita ^nclant origin to tha 

aciantific braading of 20th eantury. Tha primary 

cantra of origin is China and tha aac mdary cantraa 

of davalopwant ara Japan, Holland* francat Cngland



•

«nd U.it.A. Th« gjirdan chrysanthsnuMs r«acN«Gl 

vj»riou« plactts froM it«  cvntra of origin a« 

importations in tha for« of aaadXinga and/or saada.

Tha Hybrid aaadlinga iaiportad in laoat of tha countriaa 

wara *Miniatura* <aingla) and *L h u a ^ ' (doubia) with 

a«ali fiowara which wara Qroupad undar *Lhuaan Uaiay'* 

Thia haa playad an iiRport^t rala in th« origin of 

praaant day gardan chryaanthaeiuaa* ^ briaf account 

of tha ii^ortant av^mta and davaiopnimta of gardan 

ehrya^thaMun in vnrioua countriaa ia givan baXou.

Naw cultivara h«va ariaan bath aa hybrid aaadlinga 

and froM hud aportat or in othar worda aa 

racoMbin«nta and nutanta (ilowriek, 19S3t isiaapaon 

3 t jil ., 1958; Oarlington, 1973).

Tha gardan chryaanthai»u» ia axcluaivaly of 

Chinaaa origin . According to Chinaaa wrltara it uaa 

baing groun in China aa aarly aa 1000 3«C. (tnaualiar« 

1947). Confucioua (SSO B .t*) wrota of chryajnth»«uw»a 

**yallow glory^ • Liua-thiah-Yuan of Pafcing* a wodarn 

authority fanoua for tha knowladga of chrya*w^th*auw 

hiatory atataa thnt th» flouar baca«a popular batuaan 

3SS and ai7 a .O . Tao-Yuan-Hing (36S-427 an

influantlaL growar n«»ad hia o U y  aa *thu-haian' or 

chryaantha«*u» c ity . Tao-Hung-4 hing raiaad tha firat
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knoun whit«» batuafln 452-532 A«U«, In his llf«

Th« oldest praasrvsd book on chrysj^ths«au« culturs 

prfl^srsd in China bstwfisn 960 und 1127 A.O* »«ntlon 

30 rscognlzsd forms lUaoimsn, 1937} Lunalng, 1964} • 

nsMo of famous thlnsss cuLtiv-«r» tr^sl^itsd to 

CnQlish srs, *Th« uhits u«va of «utuM'« *Ths purpls 

phs«s«nt t«ll*« stc. auiokly spsnninQ to th« yssr 

1961, ws find .thm chrysanthomufn honoured by portr«y«Xs 

on s ssriss of ohinsss postage stsnps (tuMMing, 1964)•

In 386 chrysmthenuM rsached 3apen

via Korea fro« China« whera it wae selected and 

ifnptoved to give « greet deal of variation in fora 

end colour* The firet chrysanthe*un reaching Japen 

wee na«ed *<iku* and contained meny caloure like red, 

yellowff uhite, violet ^ d  even blue. At firet they 

uers grown in the garden of Isiperiel pelace* The 

3apenese hailed It ae their Kational flower in 

4 .0*  797 and the flower became the crest of likado 

end its greet design wae added to all  ii^ortant 

etete docuwents (Uoolfltan, 10S7) • According to 

Ryozo liyewura* ii^o was in-charge of jhinjuku 

Mationel gardens Tokyo, there haVe been two great 

chryeanthenHJi* eras in 3apen« Ths first ons* Heien 

period, occurred roughly frc» 800 to 1200 A .O .



In 910 in^aror Uda Institutad th« I»p«rl«l 

ChrysanthaiMim Show. Th« s«c<3nd grant era, knoun 

mm Ganroku, coniMsncad in 1736 uh«n th« first known 

iilustratad catal'^gue w«s publishad wHioH dapictad 

100 cultivara* World Uar IX callad an and to 

chryaanthamum ahowa and again in 1949 ahowa waro 

raaunad «nd in I960 about 427 cultivara wara 

rmsraaantad at SNinjuku. Oapanaaa taata uaa for 

irraguXar typaa (tumminQ, 1964} •

Cvidantly, Holland uaa the first Luropaan 

country to hava accaaa to tha far Caat <«nd inportad 

chryaanthtfMusa for tha firat tiaa- in 16119 Jacob 

Brayniuov a t>utch narchont ^ d  botaniatf writing 

in hia prodronus told of six chryaanth««urn cultivdra 

baing grown in Holland* Ha n«i»iid it aa H^t^icarift 

Japonic a (Hamalayt 1^89 ). In tha a^na yaar aatfvral 

cultivara wars raportad i«a baing groti^ in Nathorl^daf 

but aoon paaaad out of cultivdtic^* Xn 1690 H« Van 

t^haada da*crib-«d a Holland grown typa fro* India 

callad *Cool<-daoodi* and according to Roxburgh 

avaryunara in Indljt, it baars tha hindi n«i*a •Cool- 

daoodi*. *Cool’ aignificying roaa (Ha«alay, IflW; 

Luauningt 1964/ •
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I 16/*

OurinQ chrysanth«mun's a^rly d^ya in turop«, 

no nation 4COOflf>lli^ad mor« in initiating n«w forMs 

than franca* franch paopla conaidar it aa caMatry 

flowar to Honour All Sainta* Oay on NovaiKbar 1 

(Cunmlng, 1^64) • Th« a;irli»at apaciinan in exiatonca 

in Luropa ara tuo snail flouarad chryaanthaMuna 

praaarvad in Hiritiah muaauM. THia w«a tortsught by 

3 ^ a a  Cunninghana* a aurqaon to th« bonourabla 

£jiat India com ply froM 1fi98 to 1703* Kaaapfar 

viaitad China and Japan in 1712 wh«rain h« daacrlbad 

9 cultivara of ehryadntH«i«un and apaak of th«ir high 

ornanantal ch«r4ctar* In 1764» Philip Hi liar 

avidantly racniwad tha firat chrya*nth««wn in 

England fot tha Chalaa« J*hyaic Cardan, from Minqpo 

Chinat whicsh ha callad iUtrlcaria indjca (tKauallar* 

t^47| tunminQ^ . buecaaaful cultura bagan only

by 1790, According to Douriek <1«53} tha firat 

chryaanthaMu^ waa intraducad into C n g l^d  In 1754 

uhara it  had ba«n cultiv^itad aa tUtricjtrA^ Jafionica 

which uaa aubaaquantly loat»

Raintroduction into L n g l^ d  waa dua to 

Jlr. Blancard, a »archant of fUraaillaa, who brouc|ht 

hoiKa thraa cultlvara fro* China in 1789, ona i^ ita , 

ona violat înd ona purpla, but h« auccaadad in aavlng



tha Xmm% oniy, 7hi» ua« n«»*d *uld Purpl«*t th« 

inf laraacttnc* q m m tm l h^bit of which u«« sinilar

to many pra^ant day cultivara (Ha«alay« isa9| ()ourick, 

tum«ine» 1^64}* tha *CXd ('urpla' aportad to 

*ChanqaabIa Whita*» a form yhoaa raya uara atraokad 

criMaon, latar It aportad to *Lhangaabla S u f f  

(Cunminq, 1<)64} • Tha firat Cnqliah mmn to ralaa 

aaadLlnya t>y croaa-fartsilization uaa Whaalar 

of Uxford* In 1827 nau furna uara firat producad 

by hybridization and fron thaaa h^tva ariaan tha 

intiurvad for«ia of today* Tha firot vagatativa 

aport uaa naticad in 1932 (Oowrick, 19S3| Woolman, 

1957; Uarlinqton, 1973 ). In 1638 rir. John SaXtar 

raiaad a qra^tXy iMprovad incurvad which uaa Xarqar 

and of finar quality than axiatinq iMportad onaa 

and thua tha firat Xarqa axhibition incurvad uaa 

accoMpXiahad. Tha cultivar uaa naMad *i)uaan of 

CngXand*. In dua couraa it q^va a primroaa aport 

which uaa naf^od ’ CMpraaa of India' (Uoolman, 1937} •

In 1846 f^obart fortuna introducact tha anaXX fXouarad 

chrysanthamin, tha *(.huaan i>aiay*» tha firat poopon 

froa uhich numaroua oodarn f»rna hava baan raiaad 

(tnawaXlar* 19a7| tuvuning, 1964} • H« raturnad in 

1861 with 7 J^panaaa typaa or ’*3tpa*. H« raiaad 

aaadlinqa which uara not only incurvad typaa but
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thofia with raflaxfld pat^la. Th« flrat aarly bloonlng 

cuLtlv;ira w«r« sLactad fron ■xiating atocka in about 

1690. Slnca than thara Hava baan introductlona* such 

«a Koraan and ^Idgat typaa. In 1930 ^IcUragor aont fro* 

China a plant almlXar to indicuw f rom  tha progany of 

uhlch uara aalactad ^utton*a charm and caacada ((^owriclc, 

1<̂ 53] • Cngliah praforonca la noatly for Incurvaa and 

raflaxaa*

Cxcapt Thoaia* Pockatt (1854-19S2) Auatralla 

h«a figurad littla in tha chryaanthaMtMi world* Hia 

cultlvara Ilka ‘ Hallla Pockatt*f •Tiflrnera'* 'Llyoda* 

ate. ara faRoua* Unfortunatoly tha a^rly hlatory o f  

chryMnthaOHMa In Unltad Stataa la vary obacura.

According to 1828 catalogua of UilllaM  Prlncof tha 

flrat chryaanthaKHin known In Unitad i»tataa la 'Oark 

Purpla't li^ortad by John Stavana of Mobokan, Kau 

Jaraay and for a nuwbar of yaara chrys^inthawuw had 

coMa fro« China (C«awallar# 1947)| CunMlng, 1964 ). 

tn 1H26 tha f»rlnca Nuraary llatad 26 cultlvara and 

by 1835 fifty  dlatlnct far»a wara avallab^lo U .S .A . ,  

howavar* no racord la aVitHabla cw^carnlng t ^ l r  origin, 

una of tha aarllaat chryaanth»i»u« braadara In U .^ .A . 

waa Pobart *<Hvlngton of ^ lla d a lp h la . In 1641 ha 

axhlbitad a naw aaadllng namad •U H l l a «  *^an* uhlch 

bora a larqa white doubla flouar mlmomt glubuUr In ahapa
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Or* H .P . Ualcott (1879) of LaMbridqs I1«a«achusatt» 

ia appartmtly th« first Anarlcan to raisa hla own 

aaadllHQa (Cuiwiing, 1964) • tha fanoua chryaan-

thaOKim braodora of U«5*4« ara £.iraar 0» i*iiith, Llyod 

luXford, Mmn tufnnlng, Sauri Totty, Oa Patria* Yodar 

^Irothara and Briatol nuraarlaa* Alax CuMming (1945) 

in tha flrat «an to uaa a wild apacltia in tha 

i«provanant of gardan chrya^thanuwa* Ha Mada a 

croaa batwaiai 'l?uth Hatton' x a ib lr ic w * tha 

firat aaadling of which uara a poor lot« and aa 

braading continuad, naw tinta and ahadaa bsgaft to 

appaar« By 1932 ao«a pro«iaing aaadlinga auch aa 

Mlarcury't ^Apollo', 'Oaphna* ate. uara ralaaaad*

Tha popular tarM 'Koraan hybrida* uaa givan to thaaa 

aaadlinga alnca Koraa uaa tha aourca of tha apaciaa*

7 . puiwcipui or

Aa ia ohvloua from tha historical acccjunt, 

gardan chrysanthotmina ara aaaantlally planta of China 

and Japan uhara it ia in cultivation ainca SOO B .C . 

Houavaff tha Major davalop*»anta in chryaanth»«uw 

iaprovawant took placa in Japan ovar 1000 yaara a<^ 

(froM A*0. 386), uhan aaadlinqa uara imiiortad fro« 

China, hybridlzad and aalactad for gra«t variation in
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for** and coX'iur of fro« tN«ir n«tiv«

habitat, introductiona wara nada to tai^arata 

conditlona of Curopaan Qardana by a<«rly part of 

aavontaonth cantury and a hundrad yaarft latar to 

Afvarlca, Thua intanaiva Intarbraydlng and conacioua 

or unconaciciua aalactlon fro« tha hybrid ftaqragataay 

couplad with aalactlon of apontanaoua ovar

a apan of 2500 yaara raaultad In caodarn chryaanthanuaa 

Tha principlaa of aalvction unriarlying avolution con 

now ba axaminad.

Inera^o^ In Mardinaa^

Tha alomantaX apaclaa ara Inhabltanta of 

South Cast -̂ ala and from such a atuck thara has baan 

aalactlon for hardy charsctara iMparting graatar cold 

raaiat-anca In Luropaan qtrdana* Tha 'K-oraan hybrids* 

ara particularly adaptabla and aurvlva in opan in 

ralativaiy aavara Luropaan and A»arican candltions.

In rscant yaars hybrids hava b0aan avolvad uaing 

hardy uild spaciaa and thara ia a graat danand for 

auch cultiwara*

Paduction in Haight

L* (L* •.l*^»nssj 9 ona of tha

ala«iantaX spaciaa of aiodarn chryaanthamuMs haa got
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ta il  habit, uh«n coMp^rttd to £ . Indicum, b^ich is 

dwarfs Salactiran for duarf habit has r«ault«d in tha 

production of cultivara with ^cconraodating charactars 

lika coinpact grouth habit* larQar iaavaa* atrong and 

thick atam ate* Thia habit ia aapacially utilizad 

for pot-Mum cultura.

floral chi^r^ctarf

Ancaatral apaciaa and a^rly cultivara bora 

ainqla dalay-lika bloona and aalactiun haa raaultad 

in tranaforMation of tha a«Rall fiva toothad corolla 

of th« diac florata to broad ray florata* iubaaquant 

to thia» varioua typaa auch aa button, ponpon, 

dacarativa, incurvad, raflaxad, apidar# quillad* ate. 

originatad. \n anlarguaant of diac florata raaultad 

in ananona typaa* In various countriaa aalaction af 

cultivara ia  ^aaad on tmphaaia on diffarant aapacta, 

ranging from  parfaction of tha blooa for axhibition 

and qualitativa aapacta* to thoaa for uaa in caranarclal 

trada* targa flouarad fornia ara raoatly prafarrad for 

axhibition and in trada aapacially aa cut flouara* 

uhila anall flouarad forma ara grown ^a pot planta 

for dacoration or uaad for landacaping.
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tiirl,v  f l o w r i n Q

Mncvstml apvclaa imd v^rly hybrids wars 

lata blooMlng. Larly flouaring cultlv^rs wara notad 

in Curopaan gardana by 1Hth cantury. £iuch aarly 

bloonlnq cultlv^ra uara introducad Into diffarant 

chryaanthanuM Qroulng ragiona^ hybridixad with local 

cultivara aubsaqu«nt aalactlon h«« r<«sultad in 

innuMarabla nufobar of aarly bXooMing cultlvara*

(.olour divaralty

Tha colour of tha ancaatraX apaclas lika 

L* ind^cura and Most othar opoclaa Hira yalLowt uHlXa 

aarlisr cuXtivara of worlfolium aKhibltad calours 

Xika pink* whita^ XiXac«purpXa» ate. ^ ia t iu n a  and 

hybridixationt foXXouad by aaXaCtlon, raauXtad in 

rich colour diworaity* Though graan colourad 

chryaanthaMuw cultlvara itra known* thara la a 

conapicuoua abaanca of blua« Tha only colour naaring 

blua ia daap aauva. Cartain cultivara ratain thalr 

colour for a qulta long ti«a whlla othara fada avan 

bafora cowplata opaning of tha flowar haada. Thara 

haa baan aalaction for tha forMar typaa.

Incraaaa in thicknaaa of floral parts

Thia charactar ia iwportant whan tha fXowars 

ara uaad «ainly for cowwarcial purposaa* Incraaaa in
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tHicknssa of floral parts cart int«n«lfy tho colour 

mm uoll mm oKtand tha vaaa U f a  of cut fXowara. Thia 

ehar^ctar also anjiblad th» qrowara to raiaa bloon 

avan undar ralatlvaly aavara agroclim^itie conditiona*

r TMgr>mcM

raw amall flouarad eultivara ara knoun for 

thair fraqronca* This chjiractar "*ay ba uaaful to 

awolva *aora acaotad cultivara In larga flouarad iypaa 

alao.

8. rUTWL MlilSi or aRfcCDIWC

Tha rV v tim t*m  chryaanth®«uai ( t .  w orlfoU v« 

RaiMt*} ia  ona of tha »oat i«port»nt intarnatlonal 

flouar cropa (Tlja  and Kawata, 1«7l) which diaplay a 

ulda ranga of variability in colour and fa r« . Uaually 

undar natural conditiona. chryaantha»u« cultivara bloow 

for a pariod of ai» waaka, Houavar, application of 

modarn aciantlfic Mnthoda halpad in raducing th» 

i^uaually long vagatativa pariod of ovar 10 nunthaf 

And nou it haa baan poaaibla to atratch tha flouarinq 

pariod to about aix ■ontha frow »id-Uctobar to >%»rch 

«>nd« In India ao f?ir not fnuch attantlon uaa paid in 

thia ragard, but lataly, at »*aRI, Lucknow, aavaral
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ttfirly bloomlnQ J ^ « n s a «  oultivara u«r« intraducad^ 

hybridized with Lx:«l culiiv^r* «nd n»w «arly 

flnw«rlnQ forfflfl w»r« ••loctvd  (Khsr^ 1^75* 1977)#

In addition to this, by ro«nii;H«l4ition of phatop«rlod 

it ha« butm poanlbl* to d»l«y flouarlnq «nd thus 

axtand tha fiowarlnq parlod touarda nunmmr aaason*

In uaatarn countrlaa yaar round production of 

chryaanthamin flouara hava baan aehlavad ainca aid* 

1940 in a prograemad raannar for co«aiarcial purpoaaa 

(rtaehin and £ieopaat 1^70} • In India attantlon la alao 

balnq paid for auch yaar round ;3roductlon of c^tryaan- 

thaMU«a aa It has graat acopa in cut flouar trada*

Lanqton and Cockahull (I9 7 i)  hava propoaad* 

following trial uainq a uida ranga of cultivara, an 

Idaotypa for aunnRar-flowarinq in yaar round proqram«aa 

Thay conaidarad tha following ch ar^tara  for tha 

idaotypai

i) titrong apical donlnanca during vagatativa 

growth •

11) XnBMidiata and rapid flouar bud Initiation 

in abort daya in both aploal and aKlll-:iry 

laariataaa*

H i )  Jk vary high laaf nu«bar for dalaylng *iud 

Initiation in long daya (thia halpa to 

prawant budding on atoek planta)•
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Iv) A vary high l«af Initiation r a t . In long d a y ., 

v) Long Int.rnodaa .nd  rapid Intornode vxton.lon 

In short d^y««

wl) txtron.ly rapid flouor d.v.lopmont In short 

days.

vll) ^ d a r « t «  poduncla oxtanalon in ahort daya« 

vlli) H 'tharmozaro* tamparatura ruiaponaa ahoulng

llttla or no dalay in flouarlng at tanparaturaa 

above «nd balou 1S.6°L«

Ix) Laally rootad cuttlnga which can uithatand 

at laaat 10 daya cold atoraga. 

x) Strung padunclaa and ataMa which taka up 

watar adaquataly. 

xl) targa, horizontally dlaplayad laavaa* 

xii). Pink flowora (which giva rlaa to all othar 

colour by nutations)• 

x iii) Lou conpatitlva ability in flouarlnq araa«

In a racont raport on yaar-round chryaanthanum 

braading progranMo« attanpta wara Mada to Incorporata 

rapid fl<3uar bud davalopmant charactar longar 

vagatatlva growth phaaa into various cultlvara by 

croasing sarly x lata flowarlng typaa (tangton, If^Sl) •

In hla axparlnant, aigniric.mt poaitlva phenotypic 

eorralation batwaon flowar bud davalopnant tlna and
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vag«t«tlva duration w«a obaarvad. It  uaa concludad 

that tha clon«a ahouinq rapid riouar bud davaXopmant 

in long daya hawa raXativaiy ahort durationa of 

vaQatativa growth uhiXa clonaa ahowing alou bud 

davalopMant can hawa any duration (Uangton, 19S l)•

To tha foragoing charactariotica of tha 

ldaotypa» i^at ba addad tha flouar charactara lika 

colour9 for» and aiza raquirad by tha conaunar*

^ Xarga nunbar of coloura appaar in pura 

and Mixad forMa in g«rdan cultivara, uharaaa blua 

ia conapicuoualy abaant* Tha abaanea of blua •wy ba 

«  bacauaa of ita racaaaiva, natura* Thara ia a racord 

that blua coLourad cultivnra wara th0ra mnonq firat 

introductiona raaching Japan, but latar it uaa loat 

and did not raappaar anywhara (LuMning« 19b4) . 1h«

naaraat colour to blua ia daap mauva* It would ba 

intaraatlng if  tha rara blua colour con ba obtained 

through aithar nutation braading, or hybridization 

ao that it can ba aaintainad aa tha propagation ia 

Mainly th r o u ^  vagatativa ma^na*

!io«a anall flouarad chryaanth««uwa ara 

odorifaroua and thia char^ctar May ba auitabla in 

avolving acantad cultivara of larga flouarad typaa.
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’ • UWOtRLYIHS l VOLUT ItA

The origin of prasant^day garden chTyanthm mumm  

(L* co«pl«x/ , Mainly froM two ancaatral

spaciaa vix. t .  indjcuw and worifolimi (L . ainanaa) 

took appranimataly 2800 yaara. hiring t h i . apan of 

tiAa tha a^rly hybrida hava undargona graat trana- 

foraatlon In the handa of »an, and frow daiay-lika 

anall flouarad typa haVa ariaan innumaratila forma 

with qraat colour divaraity* Tha changaa in tha 

ganatic ayatam accoApanying tha tranaforMatlon fro* 

wild to cultivated condition «ay nou be axaminad.

Such ^ atudy will help in unravelling tha evolu­

tionary atopa involved in the f»odificdtion of 

breading ayatant and atructural and nuMarical 

altarationa in the chromoaoMe conplumant.

QraefUng avat<p

Tha genua thryaanthewuw containa annual 

aa uall aa perannial taxa with ahowy flowera uhioh 

are predominantly croaa-pollinated. Tn« ancaatral 

apeciaa often bore aingle heada with conapicuoue 

diac which la adapted for croaa-fartilixatlon•

The garden cult!vara of worlfoUuw ahou a wide 

range of floral mrphology and the coneplcuowa
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capitula ulth 4 quantity of pollan uhara tha

diac ia pro«lr,ant, and in ao«a in.tancaa avan fragran c . 

all anaura croaa-poUinatioo. Tha datalla of braading 

•yat«n diacuasarl In ••ctlon  3» <1o«t of th«

CJiry»anth«wu« mpmcimn at tha d ip lo i t i  U v a l  4r« a«lf^ 

lnconpjitlbIa» uhll« in polyploid «pttcl«a, as ala* 

th« gardon chryawth««miaa» thara la aomo dagraa of 

aaXf-coMpatlbl Lity* Houavart prutiindry jnd cantrlpatal 

oponlng of th« florata anauraa croaa-pollinatlon. In  

larga flouarad oultlvara* th« anornoua lonqth of tha 

ray florata and a«alX alxa of tha platll cra«taa 

M « c ^ l c « X  barriar and no poXUnntlon takaa placa. 

l»uch cuLtlvara do not a«t aaad and thara la alnoat 

a daad and for nutural avolutlonary procaaa* Howav>^rf 

variability la craatad undar qardan conditiona In tha 

handa of nura«sry«an who affact artific ial Moiiinition 

by trlHninq off tha floral tubaa and hand pollinating, 

Uutbraadlnq craataa trawandoua qanatlc variability 

aMong tha proganlaa» and now qanotypaa, •triaing 

through hybridization and/or polyploidy, ara flxad 

^y vagatatlva multiplication, providad that thay 

hava aoiaa adaptiva valua (Statiblna, 1'9flO) • Thla 

prtjcaaa occurs both undar natural «a wall aa gr-trdan 

conditiona*
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jiud ■ut^tioni|

^  Xarga nunb«r or chrysanthaHiun cultiv«ra 

now grown in g«td«n h«vo .rioon « .  .pontanoou. 

«ut«ti-3n.. 1«ny of thm  c u l t i w .  apart contlnuaiXy 

to qlv« riao to faniXioa of aporta (^teurlck, 19S3; 

^«Mpaon ^  a l .j  1Q58{ Oowrick and £l-BayouM^ 1968*) • 

It haa baan aatlMatad that on* third o f  coM arcial 

ohryaanthawuwa hava origlnatad aa !aud Kutatiuna 

(Waaachar* 1956 ). Tha aporta of wall-known cultivara 

Xika *Swaat H«art*, *favourlta*, ’Kt4 yananta«,

* Indianapolla*, 'Lo valinaaa*, *t»N>aaMit»>a*, *t-ng 

laland Lady*, 'tihuffila 't  ’ ri«naing\ a te . ara wary 

popular among c o M a r c ia l  growara. Tha firat  bud 

aport waa naticad in Cngland in tha yaar 1832 

(Bamalay, 1889j Oowrieit, 1953| Uoolnanf 1957i 

Oarilngtont 1973) • Tha faaioua cultlvar *uid ^ ^ p l a 't  

which waa introduced into Curopa during aarly daya 

of chryaanthanun growing latar gava r iaa  to aporta 

lika *Changaabla Whita* and *thangaabla 9u ff*«  Cvan 

graan aporta ara alao on racord (Hanalow* 1897-96} •

It  haa btaan widaly accaptad that 

chryaantha«UM cuLtivara ^iro paricLinal chiaiaraa 

and aoMatir Mutation ariaa by raarrangan«nt of
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unatanl* chia«ir«L tia«uas (Poph«« and than, 19 8 0 ) ,  

Tha abnurn«l call divialon mmy althar raplaca on, 

U yar by other or that aolld wutanta, conalatinq 

or calla fra«i althar LI or LII lay .r , ia formad.

Tha fl«^ar colour la datarnlnad by tha Cl ^nd LII 

«■ anthocyanln and othar colour plqnanta 

In thaaa layara* ^ouavarf tha aax 

calls ara iiroducad only froa L I I . Thua a cultlvar 

In uhlch LI la uhlta and LII la pink will hava a 

uhlta riciwar* but tranaalta pink colour to tha 

progany. Thla la furthiir corroboratad by tha 

studlaa on carotanold Inharltanca and tha braadlnq 

bahavlour of aoaia yallou aporta and thalr uhlta 

proganltora (tanqton, 1980}*

frov study of various aportlng faHlllaSt 

Oourlck (1«?53; and ^aapaun at <̂ 1# (19S8) raachad tha 

conclualon that aportlng can occur dua to Irragular 

«ltosls In tha nsrlstaoi rssultlng In gain or loss 

of chroMosomaa* Dourlck and tl*Bayou«l (1966aj 

hava ahoun that sporting occurs aa a raault of 

thrss kinds of nltutlc abnormalltlas Ilka non- 

dlsjunctlon and lagging, and atlcMtiasa of 

chroMoaoMss laadlng to chrowoaona frsgasntatlon 

st anap^sss* Latatf dtauart and Uamsn (1970)
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hawa provsd th m t sporting In * Indiannpolis* cultiv«ra 

(from uhlta to variugjtad fiarna uith yaXlou blotchas) 

im dua to loas in altoaia o f  a cHraf^iaaama carrying 

« suppraaaor for tha forniatian of yailou chroaoplaat 

giving yaXlou aoctor* Tha chrcHHisaoBia loaa thaory la 

atrangthanad by tha finding that yolXou planta 

grown fron LI of *Yallou .^noudoun' wara agrmoMlcalXy 

vary diffarant froM aithar *YalXau tinoudoun* or 

'Snoudoyn* ItaaXf iC^ngton* 1980}* ^XI colours 

glva risa to uhlta sports ^ d  pink is Hora prona 

to M u t a t i o n s  u^tlXa yeXXou colour doaa not aport 

fraaXy* Tha p i n k  colour w ^ a  n a v a r  f o u n d  to Mutata 

dlractly to yaXlout slnca it rs^uiraa both suppraasion 

of pink colour by ‘Statio n  and d»*raprasaion of yaXlow 

by chromosona l^ss (iitawart and Uarniaf), 1970} •

As is claar f rom  tha foragolnq account.

Mutations hava pXaysd an Inportant rola In tha 

avoXution of gardan cuXtivara* Tha Mutants hava 

bsan saXactad, propfigatad and flxad for thalr novaX 

charactara uffidar g a rd ^  co*idltlons« It is intaraisting 

to nota that tha highly hataroiygous natura of gard«> 

chrysanth«Mu«a itaalf ««y b« conduclva to bud inutations. 

This is corrobor^trtd uith tha fact that hybrid ganotypas 

ara Mora raaponalwa to inducad nutattiona ( ‘ip^rrow ^  Ai*» 

1 ^5 5 ; flukhar Jaa and Khoshoo, 1*?70) • In racant yaara.
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Mutant vari»tl«ia warn obtalnttd by v«rioua 

uorksra using ylvo and wi^rq tacHniquaa of 

inducad f^Jtatlona using physlcjil aa wall as Ghamicsl 

mutagana (Shaanan and aagaua* 1999] Tuji and flnbuchi, 

1^61; natsunura «|  ̂ aJL*» 1^61| Nybon, 1961| Puprscht,

1*961t ^ouan ^  1^67| r u ji«  1 W |  SihlftotoMal and

Sakurai» Uan Hoack« 1962| Uaavatf 1^63( tawas»

1965, 1966; icharbakov, 196St Brasrtjaa* 1966;

Brosrtjaa 1966b, 1980| than, 19661 Uourick

^ d  Cl<-f̂ ayoufiil« 1<^66b; Gupta, 1^66| M a k a ji^  and 

Kawara, 1967{ YaMaguchi and Takato, 1970; Orawlou 

imd Wldwar, 197i; Gupta and SHukla, 1*^711 3atory, 1'»7S; 

9roartJaa ^md Van Hartan, 1978) « Tha phyalcal 

uara f(->und to ba niora affactlva than tha c^iamical 

nutagana and rapaatar^ cyclaa of irradiation haa 

baan a]M3ari«»antacA uith graat auccaaa (Broarljaa 

j|t 19B0) . A larga nunbar of prauiiaing inducad

mutants hava b««n salactad <^d Introducad into co»i«iarcisl 

cultivation aa nau cultivara* ^ iM t ic  imitations h^va 

b a ^  a m o u w  o f  variability in aawaral vso«tativaly 

propagatad orna>ont>rils Ilka Dahli.A» >ouqgIny^liaA» 

i^naaviaria trifaacljttj Laurantll, iaJsSGS^SSft*

Poinaattla* Laying, bladlolua ate• (WaascHsr, 19561 

Zadoo igt jiJL• ,  1976bj Khoahoo, 1979j Uhri, 1979)*
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Lhrowoaoaal Pap^ttarnlnq

Tha pr«stmt cytol igicaX d«ta indlCtita that 

najurlty of tha taxa ulthln C . worifoliu» conipliix 

ar« httMi^loidtt and thu rdst ranga fron tatraploid 

to octoploids with a nijnbar of aniiupXolda in batu««n« 

KarV'^typlc analysis of roprt»aantativu cultlvara ahouad 

high dagroa of chronoaoMal n ^attarn ln g . Though tha 

karyotypaa raaolvad Into 9 aata« thara uaa no 

conaiatancy of tha nuMbar of chroRoaam»a appaarlng 

within a aat and it waa not poaaibla tu locata tha 

axact norpholcgical hoiRologua of aach chromaaama 

in a cowpXamant. Thia aort of variatif-m ia dua to 

abnormal Maloaia raaultlng in random aagragation 

of chronoaoMaa* Evan tha baalkaryotypa alao could 

not bo drawn* Tha karyotypa axhibltad high dagraa 

of hataronorphlcity both In nucXaol^r and non— 

nuclaolar chronuaoaaa which appaarad In tha for* 

of cantric ahifta raaultlng fru» parlcantric 

invaraiona and/or unaquaX tranalocationa* Howavar, 

owing to high polyploid natura of tha tax<i» It ia 

difficult to locata intarchangaa walotically. Th® 

karyotypic hataroiwrphicity can aXao ba accunulatad 

through hybridixation batuaan karyotypically diatmllar 

taxa ao that in tha hybrida thara ia accurtulation of



•uch Glirrarancas. In th« prog«ny of such typNis  ̂

fr««h h«t«rozygoslty arlaaa dus to rttCOMblnation 

bmtummn dlfftirant karyotypes a« alsA b«i«n notad 

Alljuw (tnawallar and Jonaa« t<?3S}t L vAinthua 

(la in g , 1^62), Zaphyri^nt h ^  {Raina and Khoahoo, 1^?7l) 

Hiwarpc^llia (Zadoo ^  1976) atc'» Another typa

of chronoscMKal rvpattarninq la tha occurranca of 

talocantrics. rrom a critical oot^parieon of 

karyotypas it has baan infarred that tha telocontrlcs 

ara tha rnauit of althar dalation of ahort arma in 

a highly acrocontric chromaaoMa or tha centric 

fiaeion of chromoaonas in which one of the 

talecantric arnsia loat in oourae of time. In 

either caea» karyotypic hetarazygoaity is prepetuatad 

by afficiant vegatative multiplication.

Hybridi xatlon

The garden chryeanthewuMa have arisen 

iiainly frow two baaal epeciaa vis.r indicuw and 

£ •  worifoliuw {£• einenea)• Both the natural and 

a rtific ia l  hybridilation have bean reported in the 

genua* Thie haa been greatly aided by the preeance 

of eelf-incoiipatihllity and croes pollination by 

ineacte and lack of hybrid atarility in Moet caaee. 

A rtificial hybrida hawe been raieed at inter-apeclfic 

level to atudy the cytogenetic relationehipe# Intra- 

epeclfic hybridizatii^ ia iMiet connon in C . «orif^_Uu«
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conpliix to incrM^aa vari^tbility in flowar for"Nif 

colour diviiralty* atc« auvaral Nybrldlzation atudi«a 

involvinq baaal spaciaa m d  athar polypXold-diploid 

apaciaa hnva baan on racord. THua (1930,

1Q31t 1*932, 1933) Mada croaaaa batuaan dlffarant 

apaciaa Xikm dacatlanaanuw x indlcuw, orna}tuw x 

£ •  indlcuw, WjirqlnattiW x C • worlfolluw* waro^njituw

* L* £ .  Japonlcuw x worifoliow, Japonlcuw

X £ • dacalanaanuw. ^aponlcuffl x iwarQln^tuw, «9tc*

In all tha abova croaaaa the hybrlda wara raaaonably 

fartiXa* T«ik«Mato (1930) obtaln«d fartila  hybrlda 

from a croaa of C . lndlcu»i var. procumbafia x t» 

lavanduX^afolluw« Tanaka (195S) haa r«^ortad tha 

prcc^ction of polyhaploida fro« a croaa of î m indictjw 

v^r* haxaploid x diploid li^wandulaafoliuw* Houavar» 

Uatanaba (lQ77a,b) raportad fallura of croaaaa InvolvlnQ 

high polyploid jnd diploid apaclaat dua to callapao 

of anhryo davalopnant* Latarf thia barrlar haa baan 

owarcuaia by ovary cultura on an artific ial wadluM 

and In thla way auccaasful fartila hybrlda, back 

croas proganlaa atc» hava t>«an aatabliahad in apaciaa 

croaaaa Ilka Japontfn^ge (2n *• 6x ■ %A) x boxa^la,

(2n •  2x «  18 ), t .  orn^tiw (2n «  8x - 72) X L ,  boraala 

craaauw (2n «  lOx 90) x bora^la (Uatanaba. 

1 9 8 1 a ,b ,c ) . Xn rac»nt tlwaa «any wild apoclaa hawa



baan Involvad In thm  inprov«ini»nt of gar dan chryaantha- 

muiia ao that tha artcaatry of tha cuXtivara hava bacona 

mora comp lax.

tro'* tha foragoing ,iccount it la cXaar that 

tha Qardan cultivara a la* h«va uncf»rg'ina raMpant 

hybridization* Kaw raccNibinanta cuuXd originata in 

varioua uaya lika tranagraaaiua aagragation* ralaaaa 

of latont Mutationa with an incraaaad mutation rat«a 

in hybridat parhapa dua to alininatlon through 

racambination of nutation nuppraaaora* E^voLuticm 

through hybridization ia fiat in gardan cuLtivsra aa 

thara ia no prolongad vagutativa growth raaulting 

in dalayad flouaring. Tha aaadlinga produca flouara 

in tha aaaaon. In thia way pramialng racorabinanta

ara ianadiataly availabia for aaiaction and tha 

fixation of auch varianta ia poaaibia through 

vagatativa propagation*

Po Ivploidy

Tha praaant atudy togathar with pravioua 

raporta indicate that about 61»45t of tha taxa In tha 

ganua ara polyplolda and polyploidy ia both at intra 

and intarapacific lavala ranging fro« 2x to 22x 

(Tabla I I I ) .  Th« r.«nqa o f  polyploidy In  t .  •qrlToUiw
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conplvx la from  4x to Bx 8x * 3, with a nunbar 

of ■nauploids ranglnQ In b«tuc<m thu lowaat and 

hiqhast nuaibara (Tabla IV} • Polyploidy couplad 

ulth wagatatlva propaQcitlon haa playod «m Important 

rola In tha avolutlon of qardan chryaanthaMuna* A 

datallad k^ryotyplc analyala ravaalad a good daal 

of hatarofliorpHlclty both In nuclaolar «<nd non* 

nuclaoXar chromoaonaa uhich could have baan tha 

raault of hybridization batwaan dlffarant taxa»

Tha msat common faatura la tha non-conformity 

batuean tha number of nuclaolar chramoaamaa <tnd 

tha qrada of ploldy*

Tha maioala In polyplolda la chartiotarlaad 

by a lou fraquancy of unlv^lanta and multlvalanta 

and pradomlnant blvalant formation, charactarlatlc 

of aagmantal alloploldy or autoaXloploldy• Though 

tha m#loaia la Irraqular^ thara la good pollan 

fertility  dua to tha praaanca of dupllcatad ganatlc 

matarlal which c w  u ltn a t^d  a good daal of cytologlcal 

abarratlona. Tha chromoao>«a hatarozygoalty la 

praaarvad through afflclant vagatatlva multiplication.

- 1J»S t



10. HORTltUtTURftL CUSdlf

Th« coMMon qardon chrys^nthMiuAs «r« tha 

raault of hybridization butuofln t# indlcu*?i and 

i:* woyjfqiiuw (L* •in«n«a) nativ* to J«p«n and China* 

CHryaant îo*<Hjiii cultivara ahou gaoil daal of variability 

in flt:«rfar coIour» ahap«« aiza etc* which hava baan 

brtiught about by axtanaiva intarbraading and aalaction* 

Tha blooM aaaufliaa diffarant ah«p« bacauoa of diffaranca 

in nuMbart aiz«t for<« and arranQa»%nt of fiorata. 

National Lhryaanth«MUM Soclatiaa in diffarant cauntrlaa 

hava varioualy claaalfiad tha bloon typaa occurring In 

thair countriaa* Thaaa claaaificqtiona ara baaad on 

ovar all  ahapa and aiza of tha blooM as wall aa nu«bar» 

form and arranganant of fiorata* Th« horticultural 

aactiona are wholly arbitrartyt being chiafly for 

the convenience of coepetitora at exhibitions*

There are nearly 400 cultivare of 

chryeanthanun growing at HHRl, Uic^Lnow* Host of 

than are unragietared and their anceatry ie unknown*

In  recant yaara anvaral 3ap<tfiaaa -md iMerlCtft cultivare 

have bean introduced to enrich the ger^plaav* Sieveral 

pronieing eeedling sslectione h«v« bean rela^ead as 

new cultivare. The Indian cultivara have been
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claasifisd  by KH«r (l*)7S), basad on MLS cX«asiflc«tian • 

^ccorrting to classlficatlan , bloon« nr« bro«dXy

clasftlflad Into tuo, larqa flouorod and amalL flouarod 

groupa*

a) L^roa riou^rad

Incurvadt Tha ray florata in thla claaa ara 

broad and curva upwtird .md inward touarda tha cantra 

to Qiva tha bIoo« a glo^tular shapa. Uiac ia not 

viaibla« Thia claaa ia furthar subdividad intos 

1} f^a<|ular Incurvaa, i f  flnrttta ara Incurvad

naatly in ordarXy Mannara a .g . 'anow ^a li* ,

' iupar Giant**

ii) IrraguUr incurva, i f  tha florata ^ra tuiatad

and turning in diaordarly mannar a .g . cv.

iii )  ikirtad incurva, if tha lowar florata hang

down lika a akirt a .g . k i l ,

Ihcuywingj Tha ray florata curva inward and 

i^Wfird in a looaa Mannar ao aa not to for« a eonpact 

globat but giva an airy appaaranca to tha bloov a»g« 

•Pink Cloud't 'Baauty**

^«floxadi Tha ray florata curva outuarda and 

downward away froa tha cantra aa that only thair uppar 

aurfaca ia aaan. In tha a^rly atagaa» tha Innar florata 

ra«ain incurvad* Oiac ia not vlaibla* Thia claaa ia 

furthar aubdividad intoi
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1) Rttgular r « fU x i  rior«ta r«fI<iK In orderly 

«annar. tt*q. *lvanlng S t a r ', 

li) Irrvgular rariaxs florata tulst «nd turn in 

diaordarly n ^ n « r  « .g .  *RoQar ThoMpson*,

«Goldi«*.

Il l )  Aatsr flowarad raflax» ayn. Raflaxingt blooaa 

«r« flat a»g* *3ohn Uabbar'.

j n t •r » ajtl^tai In thla claaa whlla tha outar ray 

flor^ta curva outyard and daunuard aHowlng uppar 

aurfaca, tha Innar anaa contlnua to roMaln Incurvad* 

a«g. *Ganaral Pataln\ 'flra* R .L . P u llin g '•

Jrragulari Thia ia alnllar to Claaa 4* Uutar 

florata ara raflaxad and innar Incurved* Tha 

dlatingulahlng faatura la thatf unlika Claaa 4» tha 

ray florata mtm twiatad and Irragularly ovarlapplng 

a«g. 'Grapa Bowl', *Alfrad SlMpaon*.

6« Ball or Payonanta; The ray florata which are 

uaually ehannelled and clr^eely packed radiate in all 

directiona* thua giwing the bloon the ahape of a ball 

e*g« 'Pride of fiadford** cv.

’̂ lllo *^  ̂ The ray florata ^ra tubular like a quill 

and elongate with tlpa open or cloeed e«g» 'Golden Liuilla*i 

*Red U u illa '.

3p i d̂e.ri Thia claas haa alao tubulart elongated ray 

floreta like Claaa 7 . The dietlnquiehing feature ia
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thut th« mT9 thin «nd usually curvad and thm

t ip m  ara callad or hookad a«g« * Valiant*t *Oianond 

3ubila«*•

Spoeni Ray florata ara tubuilar with apatula-llka 

ufsan tipa* Tha florata ramaln at rlgHt anglaa to tha 

atan. Olac ia wlslbla a»g* *Pink  Caakat', *Knox*«

ID* Anaiwonat Tha dlac florata ara oro«ln-*ntXy 

davalopad and ia uaually h«niapharleal in for* and 

raiaad* Tha ray florata way ba llgulata a»«* **ll*

11 • Hlnqla: iatrap Ilka ray florata In not «ora than

flva rous. Tha diac la eonapicuaualy vlalbla a*g* 

*CoXdan AnnlvaraaryS •f*oto«ac',

12. ^itfwidoubU  ̂ Utr^p ahapad ray florata in Mora 

than flva roua* Th« dlac la conapicuoua a*g* Nil,

b) awaXl flowarad

^nawonai Olac florata ara wall davalopad and 

tumkm a raiaad diac* Ray florata way ba flat , twiatad 

or q u iH a d . a .g . ’ l^araQon*, *Uihangrln*.

2 ,  ftuttoni aiooMa ara wary amall (2-3 c«  in dlaMatar) 

and coMipact with ahort rayonanta lika florata* »*g*

*U iliput*•

3, Kpray (SinolaJt Strap ahapad ray florata*

Bloowa ara flat and tha nuwbar of whorla of ray florata 

fiwa or laaa than fiva* Uiac conapicuoualy vlalbla* 

«,g« *Sunaat't *f*at**
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*̂ o,r.gqn inoubXii)» LXkm Class 3 axcapt th«t tN« 

uHorl of ray flor*it« it  mots I M n  fiv«« 01«c visibla* 

<i*Q* *j>Har«d a«har't *rilrt**

nttcorativai Lika t^oubl* Kora^n «xc«pt that th« 

disc is not visibls dus to duvslopsd ray fXorats«w*g« 

*HhlnfuJl'f 'Hostssu*.

^^owponi Ray florsts short, broad ?md ruQularly 

arranqsd to glva th« blotMi a co ^a ct*  haMisphsrlcal 

shaps* Ths disc is concs^lad or /ibsant* a .g .  '»anako*«

* .%psara* •

Stsllatai tika aingla Kors-v» s)*capt that tha ray 

florats h«va both sidaa conprsasad daunwarda and thay 

ara usually tulstsd. a«Q* •L.^iura*# •Haloiss**

6* thgr^ or tinarqria  ̂ 1-1 ka Roraan axcopt that tha 

aizs of tha bl*Ki« la not «ora than 3 ca in diaaatar*

Th*i pl.inta ?*ra uau^illy duarfar than Koraan. a.Q*

*>»hyllis', '3assla ‘ •

‘̂ uilXadi Th» ray florata ara tubular Ilka a qullL. 

Tha tips of tha florata way ba opaf* but not davolopad* 

a«Q« *rair Tuck*, ■Jonald*.

10 . iiawiauillad imooon) t Tha ray florats ara tubular 

upto so«a langth and than opan* Opan portion »ay ba 

flat , raflaxad or incurvad. a-g. ‘ Guwti** *3aan».
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XV. SHWSLVltRlA

jan«avl<rl< it  « auccul«nt 'Hsnibur of tha 

fainlly ^Q4 «acaa« and Im known v4rX<>u»ly as aot^-^strlng 

H«iap, linak« Plant» jCabra tily« ate* 1^73 ). Th«

q«nu« contain* parannial Narba uith orractt atifr 

Xaavaa and ahort« thick atolonifaroua rHizo»a»« Tha 

indlvic^al apaciaa of iam^oviaria ahou an axtramaly 

wida variation in growth, fnr*i and habit* Hamm 

hava flat or naarly fiat laavaa» othAra poaaaaa 

eoncava loavaa and a t ill  othara hava cylindrical 

laavaa* Suaia apaciaa ^ra imcmrtant aa a aourca 

of uaaful fibrat and thair potentiality aa fibra 

cropa haa baan racognisad ainca aarly tinaa* Tha 

plant uaa harvaatad in tha wild by 4fricana *md 

tha flbra uaad for making coaraa fabricat fiah 

nata and bouatring (Gangat.id ^  1^91) • Paaidaa,

ao«a apaciaa ara omanantalat cultivatad for their 

variagatad or (ffottlad daeorativa laavaa* Acci^rding 

to Graf (1973) thay ara among tha Moat raaiatant 

houaa planta capabla of growing in d ifficult 

locationa. Thay ara tough and can tolarata poor 

light* aa alao drought*

Naarly 20 apaciaa of aanaaviajljt hava 

baan introduca^: in «BRI by tha lata Hr. 3 .  Parcy 

Uj^caatar* out of which 15 apaciaa wara availabla



for th« praswnt study (Tabls 1} • Uitc« most of 

iha ■liittd Qwnara, tha spacias of th« gnnus 

3an««viaria flow«r tulc« In tho ya^rt onm during 

tH« onast of nonaoon ^nd than during th« uintor* 

iioam spBCioa lik« S ,  p o y llA i  h«va nut flow«r«d 

undor Lucknow condition** Th« prasant atudiaa 

uara ««inly  baaad on Hsiotlc analysis and it uaa 

difficult to atudy th« karyotypa dua to anall aiza 

of tha chroaosoMaa*

SYSTt.mTIC mnitflst AMP ai&TBIBHTlUH

jyataiatic poaitioni Tha naMa *Sanaavi«rla* 

conmamtoratas Raintand da £2angrio born at Naplas 

(1710-1771), uho waa Mrinea of Sanaaviarlo (i3aiXay» 

19S3S HarahaXl Cavandiah, 1969{ Graf, 1 ^73 ). Tha 

Qanua t»^aawiaria waa aatabliahad by Thunbarg in 

1794 in hia f^rodronus Tlora tapanaia and aawan 

yaara Ijtar two apaciaa vii» S* thvraif lora and 

^lathiopica hava baan daacribad*

Tha ganua haa baan v^rioualy placad with 

raq^rd to ita t^xonoMic poaition* BantHam and 

Hookar (l862-ia63) placad tha qanua in Haa»ci^dorac«aa 

pracading XridaCaaa* Latart t nqiar and i^rantl (19?4) 

includad it  undar tlliaca*ie togather with *2li2E£fl2!l*
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OreC4Wi», Yucca and oth«r gan«ra« HowtfV«r« 

futohinaon(l9S9) pX«c«d th« g«iu« in thn 

4QAVjicaaa« 3«a«d on cytolaqicti atudian of 2 

•paclas of aanaaviaria. f^oy (1^56) arQUss that 

thm  Qanua sNtHiXd ba Includad In a aaparata faalXy 

co-*ordlnata In rank with Llliacaao and Aqavacaaa.

Tha eytotaxononicaX avidanca obtainad by aharraa 

and thaudhuri (1964) daaa not Juatify tha incluaion 

of tha genua undar Agavacaaa. According to thasa 

authora» tha cytologlcal affinity of gonara lika 

Sanaayiaria, Oracaana and tiphiopooon ia raaaonabla 

anough to auggaat tha incluaion of thaaa thraa ganara 

into ona tribo undar Liliaoaaa* providad tha axtarnaX 

MorphoXogicaX conaidar^tiona parmita auch incluaion* 

RacantXy o«bryoXagicaX atudias in a apaciaa of 

tianaaviari^ ahouad that tha ganua diffars from othar 

Mofobara of Agavacaaa ^nd ita incluaion in tha faniXy 

by Mutchinaon ia not Juatifiod (Lakahmii 1979}.

t>latributioni Broun (191S) conaidarad S4 apaciaa 

in tha ganuat MoatXy African, in hia >nonogr«ph of tha 

ganua and Croanuay (I94l) nutad at Xaaat 0 additional 

apaciaa* % n y  authora hava raportad tha axiatanca of 

nsarXy 60 i^>aciaa (Biauaa* 1936s Vnony»ouat 1959, 1976) 

Pata at aX ., I960; MuraagXowa* 1972)* lioat of tha
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sp«cia« ar« confined to troplcjii 4frica« ^kcSagascar 

«nd thm  Islands near its coast and Arabia* fiva 

•pacias occur in :»Oiith Africa and ona is f'Hjnd in 

axtratropical ration (Srnwn, 191S| ^ r s n a l l  Lavandiah, 

1969)* Unly 4 apaciaa ara dafinitaXy known to inhabit 

any othar rsgiona, and thasa ara nativaa of Laylonf 

lndia» Biir«a» and parhaps Lhina (Brown, 1915) • Lartain 

apaciaa hava baco«a widaly distributad in trupicaX 

^ d  suh-tri^pical rations of tha uorldt whara thay 

h^va fraquantly a a c ^a d  froai cultivation (ayro«i 

1990-51} • Vary littXa infornation is awjilabXa 

as to tha gaOQraphicaX ran^aa and acoIogicaX 

raquiraManta of many of tha apaciaa. Tha v:«rioua 

apaciaa diffar gra^tXy in ai£a« qrouth-b^bit and 

iaaf forM and occupy a uida ranga of cXinatic ^nd 

gaographicaX nichaa* tiraanuay (1*)4l) points out 

that aui«a spacias ^rs adapiad to axtraMaXy dry 

condltiona* others to tropictiX rain furastst and 

soMa ara fmind grouinq on cc^aX rocka. 4X1 hava 

strongly davnXopad f«sana of vayatativa pariatanoa 

and raproductlon and ara raadlXy propagstad in 

cultivation by Xaaf or rhizoma cuttings or both.

Thraa apaciaa of aanssvlaria sra racordad 

in Xndia which grows up to aXavation of bOO 

Matraa axtanding froA tha foothiXXs of HinaXayaa to
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t«p« Conorln (Anonynous, 1^59, 19?6> • Blsuas (1936) 

raportod 4 speciaa, indigunoua to India* Thay ara 

S . j^aylanlcat WlIXd>, 3 . laoqulnoaA W illd*, S . 

roxburohiana Hchult., and §,• bur'^.llLa Broun.

S* lanquinoa^ qroua wild in aandy piacaa In t^labar 

eoaat. jj* gayW>ica 1» co««on in thm  daiar rocky 

and aandy raglona. roj^byrohAqm i® tha »oat 

ccNMmon apaciaa* yhlch la uldaly diatributad alonQ 

tha coaat of toromandalt *-©w«r 9«noaX, Orlaaa and 

thotta Naypur (Blawaat 1936)*

Tor convanlanca, ^SalXay (1953) Haa racognixvd 

thr«» cataQorlaa within tha 

Spaolaa with flat laavaa or naarly ao« a .g .

thyralfXorat Spaclaa with concava Xaavaa« b *q *

3 , layXanlcai and bpaciaa with cyXindrlcaX la4Vaa« 

««g< S . cvXindrlca#

t.YTOU)Gr

Out Of 60 apaciaa balonginq to tha qanua# 

only 25 ara known cytoXoQlcaXXy (Tabla XlXX) • N«.=*rXy 

20 apaciaa of aicotlc aanaaviariaa 4ira Qtowlnq at 

«W ?I, Lucknowt of which tha cytology of tS apaciaa 

haa tiamn raportad In th« praaant atudy (TaOla X l l l ) .
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Th« chroau«oM« nunbMr of 4 spaciss h^va b»»n raportad 

f ’ir th« first tln« togvthur with intraspocific poiy* 

plaidy in on« spacias* Haaad on tha Qrnda of ploidy, 

tNa 19 opocitfs can ba dlvidad into four ^roupat 

diploids, tatraploids, haxaploida and anauplolda.

Tha atudlaa uara M a i n l y  h a a a d  on m a i o a l a t  but 

k^iryotypa of 3 apaciaa uaa alao atudiad*

^baary^tlona,

Tha karyotypa of ihraa apaclaa, viz*

Jl* •hranbarqii (2n - 4 0) ,  cylindric^ (2n ■> 112) 

and powallii (2n «  120) waa atudiad froM root 

tip  calla* All tha apaciaa had chroiioaon»a with 

approaciMataiy aana ranga of aixa iind type (figia*

176 «nd 1 7 7 ). Analyoia of karyotypa was not poaalbla 

bacauaa of tha vary s m XI aiza of th« chromoaomaa*

Tha chromodonaa in tha coiaplanant of all tha taxa 

poaaiisaad nadian to aub»adi«in primary conatrictiona 

(riga . 176 and 177 ). Thara uaa ^  abrupt aiza 

diffaronca within a conplaMant and in ganaral tha 

a»aXl chronoaonaa outnunbarad tha iargar onaa. Th« 

longar chroaoaomaa uauaXly had aub«adian conatrictiont 

whlla tha abort chrowoao«aa aoatXy had nadian 

conatrictiona. NucIaoXar chro«oaomaa uara not claar 

in any of tha taxa atudiad*
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rigs. 170-173 I nalQsis in 3«n«<vlTl4 mpwcim*

rig. 170 t n«tapha«« I in S . trif<cUtA

( 2 n  m 40) • 2 0  1 1 .  H « t « r o m o r p n io

tolv«L«nt varkad. 

rig. 171 I (latapHasa I in pa^rton^y.

(2n m 40) * 2 0  X I. 3aa tha 

pracocloua aaparatlon of blvalani* 

rig. 172 I natapbasa I In triplold S. gy^^l.Ut

Clona I (2n - 6 0 ). 13  III ♦ 7 II ♦ 7 1

rig. 173 I Anap^aa I i n  Q r a c l l i j t  Clona I

aHowing l a g g i n g  c h r o M o a o n a a .



I

I

M

170 . 171

A
*

S

•  «

« •

« •

172 173



riga* 174-177 i and karyotyps in

polyploid Sonoovlorio apocloo.

r ig . 174 t n«t«pha«o 1 In canaUculjLtft

(2n .  8 0 ) .  4 X U  ♦ 33 n  ♦ a I .

rig* 175 I 4naph«a« I In & •  canallculata

•howlng lagging chroMoaon«a« 

r ig . 176 I Sottatlc chronioao«aa of cyllndrlca

(2n •  112)•

r ig . 177 % Somatle chrotnoaoMaa of pouallll

(2n «  120} .
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CHRunosuHt, Hamm ik ij^waiVUwiA ^plcilh

T a b l a  XIXI

Taxon 2n f^fffvTonca

j^athloplca Thunb*

^nquiatlfXora Ulncfo. 

a r b o fC B n g  Hart* 

cj^^l|icul^ta tarr*

c«ula»cana N«l* 8roi#t 

conclnna N ,C* Drown 

cvlindrica 8oJ«r

d«rM<il Staff* 

daa^rti N»L» 9roun

14 da W«t, 19S7 

40 t'tanzalf ^«ta« 1f60,

40 lanxaly l*at«» I960*

76 iharna« thaudhuri* 1964 

42 iiharwa* thaui^iurit 1964 

80 rtanial, Patat I960 

F^raaani atudy*

40 Praaant atudy*

120 flanzal, f^ata« I960 

IB ^mrkmr s i*t  1977 

40 n o y ,  H.t 19S6 

84 Poy, ^ a r a »  1^61.

92 SharMa* Chaudhurit 1964 

102*104 Haltz, 1926 

112 ^aaant atudy 

120+1 f1an*al, Hata, I960 

^  120 Hanial, J*ata, 1960 

26 da bat, 19S7 

40 Hanzal» ^ata« I960 

Praaant atudy
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T « b i«  XI I I  co n td *

T«M>n

•Nranbaroii Sehuainf*

QraciXla N*£« Sroyn 

Ciona I

qry d i g  Hook .f•

intjiriMdiî  H»Cm Broun 

l<ug»ntii U illd . 

Xiti«rlc« C«r* «t

nl lot lea ^ ik«r

N.C* 9roun

2n

lonolfXorq ^Ina*

■ati^llien (iiar* mt  Uihr*

40 :ih4rMa» Chauc^urUf 1964

H«nz«X, i960

Prtt««nt study

P4rk«r» 1955 (Nwtzal, 
Pata, 1960).

Pr«ii«nt atudy

study

da i*m%f 1997

flanzaXf ^atc, I960

;^«to, D», 1942

Prssant study

5hsr»a» Chsuc^uriff 1Q64

fisnzsXy »^iits, 1960

Parksr, 19 55 ( isnzsX, 
PstSf I960)

isnzsXf Psist I960

Sato, n . ,  1942

t1snzttX» PatSf I960

Prsssnt study

36,40 Roy, t1. 1936

40 nsnzsX, Pats, I960

42

40

60

44

40

100

40

40

79-60

ao

60^2

40

40
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T«bl« X III  eon^d» 
t a»on "  ̂

p « « « o n l i  N«t* 9roun 

pouBllii Hmt» Brown 

roxtourohiana Schult*f

••naqawblca Bak«r

atuckyl Godaf. Lab* 

aubaplcaata ^Akar

auffru^co a^  Rroun

nthi^aifXor  ̂ Thunb.
Praln

HayX^nlcq^ Wllld*

^  Pafaranca

40 Praaant atudy

120 Praaant atudy

40 Patalff *»aray«nat 1937 

Sato, 0 « , 1<343 

Poy, niara, 1961

jharMat thaudhuri,1964 

40 Marvay (cn . V I I . 1966) 

Hia«a, 1962

fihar«a» thaudhuri» 1964 

Praaant atudy 

79-aO ^ l a X ,  Pata, I960 

116 ^harna« ChaudKur1,1964 

120 Hansal, Pata, 1960

120 t^aaant atudy

40 nanzal, Pata, I960

Prasant atudy 

40 flanzal, Pata, 1960

36 bhjirMa, Chaudhurl, 1964

40 rianxal, Pata, i960

Praaant atudy 

42 Parkar, 19SS

40 Takjigl, 1 9 M , Sato 0 .19*2

Praaant atudy 

40 ,42 nataurat S«tci, 193B 

42 Oanaki Am m I ( 0 .  1945)



^ •lo a l«  of 13 «p«ciaa u«a atudisd of v/iich 

11 u«r« dlploitfa with aoMatic nuMbar 2n - 40 . All 

th« dipioid taxa invariably forfliad 20 blvalants at 

Mataphaaa 1 (fiqa* 170 and 171)• THa blvalanta 

uara neatly rod ahapad uith ona tatMlnal chiaa«a«

Th« rinq bivalania wara Moatly found to hava 

Intaratltial chiaanata* oftan 2 in ana or both 

ar<«a at watapHaaa ! •  Two bivalanta uara laroar 

thtft tha raat and contalnad intaratitial chiaaMata*

Una Hataroworphic bivalant waa ragularly aaan in 

Roat of tha diploid apaciaa (tiQ* 16f} •  In noat 

apaciaa fau bivaltfita uara aaan to diajoin at 

■ atap^oa X (Fiq* I7l) • Anaphaaa 1 and aubaaquant 

diviaion uaa quita nari*al» Pollan atalnability 

uaa vary blQh ( 8 0 ^  in a il  tha taaa and nioat of 

than aat aaad.

Natural triploidy hao boon locdtad for 

tha firot tima in tha q»nua by tha praaant Jiuthor»

4 clona of gr<^cl lia uaa found to hava 2n •  *0 

chroMoao«aa* 4 dotailad analyoia of wataphaaa I 

in PnCa ravaalad tha praaanca of trival<N»ta, 

bivaionta and univalanta (ri9« 1 7 2 ). Th« nu»bar 

of trivalanta ran^ad frow 11 to 20 uith m  avar«9« 

of of 1 * .2e  ♦ 0 .2 5 .  Tho triwalanta ahouo* a taodancy 

to diajoin aarXy at nataphaaa I raaultinq in bivalanti
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sffitS univalants* nu«b«r of bival«ni« and univmlmntm

rariQsd fron 0 to t1 and 0 to 9 with « tnsan of 6*63 * 0*56 

and 3*96 *  0*42 raapactivaly* ^naphasa X axhlbltad high 

dagraa of irragularitlaa with unoriual diatr Ibut Iona, 

for»ation of laQQarda* nicronuKilai, praeocioua dlviaion 

of unlvalant ato* laading to th« ijroduction of anauploid 

Oamataa (riQ# 173)* Thouiah th* taxon had 31.2S?fi pollan 

ataInability* thara waa no aaad aatting*

Haiotic atudlaa in highar polyploida waa 

rathar difflcultt dua to axtraeio atickinaaa and anall 

aixa of tha chroMoaoMaa* in hax«plolda and anauplolda 

auch ao S . ^Mbaplcata (2n 120) 3* eyli/ldr^iCA

(2n ■ 112} it  uaa difficult to atudy tha natura of 

■ultivalant aaaociationa* Only ona tatraploid apacia«»

Sl* i^ouad olaar nataphaaa plata, uhara

trivalont«« bivalunta and univalanta wara aaan (rig»174). 

AnapHaaa 1 uaa charactariaad by unaqual aaparation^ 

praaanco of laggar^ta ate , ( f ig . 175). Pollan 

atainatillity in polyp loida uaa rathar low ( 4O -4S par 

cant) with no aaad aat*

Concluaiona

^ paruaal of Tabla XlXtahoua that louar 

chrofliaaonia no»h«ra Ilka 2n «  14» 1*t ate* hava baan
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racordad by w.triou* authors* Houavvrt «io«t 

coMMon diploid nuMfoar im 2n »  40* Th« cytoloQical 

acraanlng of 11 diploid apaclaa by tha praaant 

author did not ahou any Qanatlc nui<>ar laaa than 

20* Thla rindlnq togathar with tha prawloua raport 

of aavaral authora ahowa that thera la prapondaranca 

of n ■ 20 In dlplolda* Hanca tha baaic numbar In 

tha ganua may ba conaldarad aa x «  20 . ainllar 

conclualon uaa drawn by lanzal and Pata (lOftO) who 

auggaatad tha aama baaic niMbar*

Tha chroAoaona Morphology and aixa ara 

vary ainilar in all tha diploida tfid polyploida.

Carliar worfcara Ilka Roy, f1, <19S6), Roy, R .P , and 

^iara (l96l) and Sharma and thaudhurl (1964) obaarwad 

a to 10 nuclaolar chronoaanBa in diploid taxa and 

upto 22 S*T chro«oao«aa In apaclaa Ilka 3 .  atuckyi

■■ Hft) • Cua to rathor aaall aiza of tha chroaoaoinaa, 

it waa difficult to locata atructural changaa in tha 

karyotypa*

'laioaia In diploida uaa charjctarlaad by 

conplata blvalant ftQ-Hation. In diploid taxa, ona 

hataroraorphio blvalont waa aaan ragularly» Thia may 

indicata a poaalbla atructural altaratlon involving
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thm  tuo horaologuas. Sinilsr unaqual aasoclations 

war* noticvd by H»nzal and Pmtm (i960) In polyploid 

«pacio« and thay fait that tha unaqual multivalanta 

wara ih« raault or atructural altarationa.

■ataphaaa 1« th«ra waa a tandancy for pracocioua 

aaparatlon of blvalanta in moat of the taxa« THa 

bivalanta involvad in tha aarly diajunction uara 

of rod typa with a aingla tarninal chlaa«a»

The axiatanca of natural triploldy haa 

baan raportad for tha firat tl«a by tha praaant 

author. Tha triploid cXona of oracilia ahouad 

tha praaanca of a waxiBUM of 20 trivalanta which 

indicataa Ita autoploid origin, obvioualy it loay 

hava ariaan throuQh tha fuaion of raducad and 

unraducafi ganataa*

ftaiotic atudiaa in polyploid taxa uara 

r<«thar difficult dua to axtrama atickinaas of tha 

chro(«oaoi»aa* Howevart th# tatraploid apaciaat 

canalieulata ahouad claar Mataphaaa in uhich 

trivalantat bivalanta and univalanta uara aaan.

HiQhar polyploida and anauploida lika aubapicata 

(2n m 120) and Sm cylindrlca (2n »  112) contain 

■ultivalanta* bivalanta and univalanta. Tha fraquancy 

of multivalanta uaa lou in all  tha caaaa* Thia may ba 

an indication of aagnantal alloploid natura of tha taxa
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Th® ral« of hybridization tmd polyploidy 

in tha •volution of ianaawiari^ haa baan diacuaaad 

by (lanxal and Pata (i960) and £>harwa and Chaudhuri 

(1964} • nanzal and ^'ate (i960) obtainad fartila  

hybrida in intarapacific croaaaa involving diploid 

apaciaa and alao batwaan diploid and tatraploid 

apaciaa* Intarapacific hybridixation haa alao 

baan raportad by varioua uorkara lika Fata at 

(19Sa, I960) 9 A i*  ate, Croaaability

of diffaront apaciaa indicataa thair cl6aa cytoQanatic 

ralationahip, Irraapactiva of yida norphalooical 

variation anong apaciaa* tha chroMoaofliaa hava littla 

ganatic diffarantiation• Tha apaciation at diploid 

laval hao occurrad principally through Hutatlona 

and hybridization accoMpaniad by inco»plata barriara 

to croaaability (danzal and Pata, I9 60 ). Tha polyploida 

hava ariaan principally through aagaiantal alloploidy 

which haa ^aan succaaaful daapita tha lou laval of 

chroMoaoniB diffarantiation in tha ganua* bacauaa tha 

v^rioua diploid ganomaat though ainilart ara aufficiantly 

diffarantiatad to axhibit prafarontial pairing in 

polyploida* inauploidy haa alao playad so«a rola in 

tha avolution of apaciaa lika cylindrlca. uhara 

diffarant anauploid cytotypaa ara raportad*
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An«uploida night h«va originatad • •  « ra»uXt of 

hybrldiiation Involving polyploid in which

irr«gul«r A«io«i« rosulta in tha praductirjn of 

untialancod gaM«t«a. unco an anouploid individual 

arifloSf it is porpotuatod «nd prasorvod in nnturo 

through « ffic i« it  vog«t«tivo roproductlon, particularly 

by rhizoiia or atolon*



V. sum^Rv

Lhrv— nthawuw is « mmmhrnr of thu faMiXy 

CoMpositMf snd tritm * In « r*cant

r«vi«y« Haywood and HuMphriaa (1977) hav« rowlsod 

ttia Q«nu« «nd ip U t  li into ^royrJint^ttjiuw, 

LhrY^^nth^MW. Laucanthawiiw, T anacatuw and 

aandronth—!;>« Th* gar don chry«anth«Muiia hava baan 

plaood undar tiandranthawa* Tha gonya containo 

na^rly 160 spaciaa which ara of uida^opraad 

occurranea in tanparjita r^oiona and in Many p4rta 

of tha world, Moatly old world. Tha two wain 

ctfitraa of diatritiution ara thm f^ditarranaan araa. 

particwlarly ^Iqoria and Canary Xalanda and China 

and aapan. t>andranthaw?i io cantrad in tha far 

Laatfl mainly in Lhina*

Tha g a n u a  L h yva< ^n thaw uw  c o n a t i t w t a a  a 

l a r g a  p o l y p l o i d  e o « ip la N  r a n g i n g  f r o m  7 h to 2 2 k *  

w i t h  a larga n u w b a r  of a n a u p l o i d a  i n  b a t w a a n *  Tha 

g a r d a n  c h r y a a n t h a i » w »  (l^* ^ r i f o l i u w  R a a a t . ) *  

t h a  ii«o t  i m p o r t a n t  flov- ar c r o p a  of tha w o r l d *  

o r i q i n a t a d  nora t h a n  3 0 U 0  yaara a g o  i n  L h i n a *  m o i n l y  

f r o m  t w o  a l a m a n t a l  a p a c i a a *  t *  j n d l ^ u M  

t .  ■ o r l f o l l u i  ( L .  s l n n n j ^  i i d b l n a )  .



Th« pr«««nt invaatigatlon !■ based on 13 

of thm  qonut «nd MpproKinatoly 183 cuLtlvara 

of gardon chryaontHitnunt, ond doalo uith norphologicol 

variation9 braading ayataa and variation in tha 

c^iroMoaoMi coi^laiiant and aaiotic ayata* in 

worifoliuw coi^plax.

•(bout 100 raprHaantativa cultlvara froa 

diffanint horticultur<4l qroupa uara atudlad 

tvorpHo logic ally* worifo^uw  ia a parannial barb, 

p ar^n atlng  ultb tha balp of undarground ata»* Uitb 

ragard to plant b a i ^ t ,  larga flowarad cultlvara uara 

found to ba tallarf uitb baigbt ranging frow 32 to 

127 on uhila aM^ll flowarad cultlvars abou a ranga 

fron 29 to 67 om» Laavaa ara ainplOf uaually 

axatipulata and altarnata* Tba variation in laaf 

a b ^ a  ato* uaa unifarm tbroughout tba polyplolt^ 

anauplold taxa ranging fro« 4x to 8x«

Conaldoratr^la v^irlatlon axlata in nuMbar* 

f ^ m *  ai*o and arrangwwant of tha florata ublcb 

ultlmataly affacta tba abapa of tba flouor baada.

Tba alia  of tba ray f I >rata viriaa according to tba 

typa of tba bloon. In aMail fiouarad typaa, tba 

m i f  rangaa fro« 0 .7  x C .2 cm to 3 .0  x 1 .0  c «  and 

in larga fiouarad for«a tha ranga la S.B  x 0 .9  ca to
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9*7 X 1.3 cm* Tha disc is vary cansplcuouii In «11 

■inqlaa 4nd Must of th** ••Midoubloa* How«Vifr« it i« 

alfliast cjociialad in othor typas* Th« u^m ic  colour 

in Chry^nth»mjwi i«  yalXoup but th« CMltiv«r« of 

k *  oxhihita an ^rray of colours in diffarant

â l4 dao axcapt true hlua* Tha capitula diaMatar tf iriaa 

fro« 1 .9  to 23 .0  cn, %«hila tha c«pituLu« aixa can ba 

incraaaad or dacraaaad with cultural practieaat undar 

idantioal oonriitiona in tha gardan* no corralation 

uaa found batuaan capitul^i aiza and chrooioooMa nunbar. 

In qanaral* tha anall flouarad eultivara hava louar 

chronoaoma nuMbara, ranging from  3n •  36 to SS» uhila 

larg*"flouarad eultivara tand to hava highar chroaoaoMa 

nmvbaraf tha ranga balng 2n «  S3 to 72 •

Tha capitula ara adaptad to croaa- 

pollination aa ia tha caaa uith t«oat of tha «anbara 

of C.aMpoaitaa« In y^nthamjBi, floral moriihology, 

colour polyniorpihiaM, prutandry* fragranca «tc . ara 

a o o ^iatad  uith out~braading« balf-incoiiipatibi lity 

ia oparativa in chryaantha*nu« apaciaav uhioh onhancaa 

croaa-*pollination« Tha aalf-*incompatibility in 

k* ia aporo-^phytically controliad, uuita

of tan, thara ia braak down of incof^patibility ayatan 

uhioh raaulta in aonia dagraa of aalf-caapatibility*
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im t  of 183 cultiviira o f  warifoliua, oritt 

uaa t«tr4ploldff 4 pant«plolda» 98 hsMaplolda* S 
haptapLolrta, Z octoplolds «id 69 uara anaupLoida. 

^•aidaftf four cultlvara a*iouad thm  pr«iaanc« of on* 

i)-chroNioaoiM aach in tha 4oiMtic calXa. Tha palypLoid 

aarlaa in tha Qanua 4a wall aa cultivara ia baaad on 

X ■* 9t uhieh ia no^t eoMiQon b^aic nu«b«r in tha 

apaelaa* Mounvar« high polyploida ara not n^caaa^irily 

axact onjltlploa tif tha h.jalc nuato^r* In cultivara of 

Qfirdon chryaanthatau«a th« aoMatic nuMbar rangaa fra«

2n ■ 36 to 7B uitn varloua onauplaid nanbara in 

batwaan. Tha karyotypa ^ d  maioala of tm n t  of tha

oytotypaa hava baan atudiad in datail*

Thara uaa no aignifiC'int aixa dirfaranca 

within a eofly>la«ant9 and th« XonQowt chroiRoan«ia 

1*3 to 1 ,9  tiMaa lonQnr than th« ahartaat cHro‘Maa»a* 

Tha aiia  of tha chromoaoiiNia V A r i a d  fro* 3*8 to S»0 JU».

Oacraaaa in aiia of th« chromoaowaa with an incraaaa

in th« l«val of ploidy waa notad in worifolluw 

oonipliix* Tha karyotypaa ara ranaon^bly ayvwatrical 

(2A catagory} and OHild ba maolvad into 9 aata* 

Howavar, d i f f m r a n t  cultivara could not ba diatinguiahad 

on tho baaia of karyutyriic cofl^sariaona* Thara ia 

Gonaidarabla hatarotjonity in tha karyotypa ranging
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fro* th« prs*<jncii of strictly Btodlan (rt* r indax 1«0) 

to t^os« with aubt»r«ln«l and «v«n tarMlnal chromoaomas* 

In all th« oultivara analyaad In tho praaant atudy^ tha 

nuMhar of iiatacantrlc («i) chrowoaoaiBa uara high, and 

thflta la no aalactlva accumulation of any othar typa 

with raapact to a particular polyploid/anauplold 

cyt<^ypa«

Thara waa conaldar;ibla Inconatancy In tha 

nunbar of chronioao«a9 In a aat« Tallura to racognlta 

dlacrata aata with Idontlcal chru‘«oaom«a In a aat, 

may b» tha raault of ancaatora dlffarlnq In chromaaow# 

morphology followad by raconOlnatlon batuaan thaffl.

Thla U ad a  to raahuffllng of chro«oao«aa raaultlng 

In chromoaomally unbalancad ga»»«tea which ara vlabla 

dua to buffaring affact of polyploidy* Union of 

aueh gamataa raaulta In antlraly nau chrowoaoma 

comblnatluna, which ara talaratad aa thara la sa»a 

lntarchromo9o«al balanca and tha dagraa of dlffaran— 

tlatlon of tha 9 chronwaomaa of tha baalc aat la vary 

llttla* Haw chromoaoma cwmblnatlona raaultlng from 

raahuffllng of ganomaa -»ra balng continually formad 

undar gardan condltlona dua to Intanalva Indlacrlml- 

nata hybrldlxation by n u r a a r y w .
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Vtoih«r •ourc« of karyatypic Vjirl«tlon is 

du« to •porting, bporting im ofton accoap«niad by 

Q«in o r  lo»* of chromo«oiiHi» durinq wltoftia in th« 

Mflriflt«n* r#«ultinQ frow wiiotie atsnoriMlitiaa l ikm  

non-dlajunrtlon, UqqlnQ, •tickinaaa of ch to m o m ^^m  

at anaP^aaa ate. £»uch anauaomatic variation 

oontributaa aoma dagraa of karyotypic variation 

in LhrvaantNawuw cultlvara.

Karyotypic hataromorp^icity waa obaarvad 

In tha co«pla*wit of almoat a il  tha taaa atudiad.

In Majority of tha caaaa* hataroworphicity uaa fMim 

t o  a ohanga in total langth of tha oHroaoaowaa and 

a ahift i n  cantromiric poaition. iuon lihangaa >«i^t 

hava baan brought about by paric«ntric invaraion,

Tha praaanoa of a«all odd chroHwaowaa and abnor«aliy 

long onaa in varloua cultivara ahou tha rola of 

atructural altaration in tha origin of karyotypic 

hataroMorphic ity •

rour cultivara had ona n-ohrotwaowaa aach 

in thalr co»»plamant. Tha Ba io all tha caaaa uara 

amallar than A-chro«oao«aa and in ona cultivar tha 

l-ohro«io.o«. h .d  a t.r-inal c«ntro » .r* . 1» cultivar 

•Ch .nqhl.kh«n‘ on* n-chroi«o*o«. ua« found in tha

not in tha root tip? calla . Tha «»«ct natura of 

thalt oriqln and -oda of trana-laalon i .  not known.
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Talocantric chroMosanaa umrm obattrvvd In 

cuUlw«r« U k« "ncihini* (2n «  S2 2T) , 'K««turba 

Gandhi* «nd Ml«h«th»a Gandhi* (2n - 61 ♦ I T ) ,  Th«y 

ar« •table  fdci»b«rs of tha conplamant and appsara to 

b« of racant oriQln. It in  probabla th«t thay might 

h«va originatad duo to centric fiaalon or dalation 

of ahort arma in highly aarocantric oHromoaoMaa*

Nucleolar chromoaofliaa wara praaant in 

alMoat a ll  the taxa atudiad» but owing to rather 

amall aixa of the aatallitaa and over-condenaatlon 

of chronoaoMaa« a feu cultivara did not ahow any 

a a ta U ite a . The eatallitaa appeared on the ahort 

arM of the chromoeo*iea in all the taxa* Their nuwber 

varied fro« 1 to 10 in v.irioua polyploid/aneuploid 

taxa* In the praaent atudy* it uaa not poaaible to 

find a correlation between chroeoeowa n u ^ a r  end the 

number of SAT chronoaoffiea* whic^i «ay be Indicative 

of hybridity between diffaront taxa Involved in the 

origin of tha cultivate.

The only report of walotic atudiea in 

t .  worifoliuw la that of Dowrlck (19S3)» otheruiee 

th a r a  Im m p a u c ity  or d a t a  on t h a  "la io tic  ayataai o f  

t h l a  p o ly - an a u p lo id  c o w p la n . In tha  p r a a a n t  a t u d y , 

th a  t a t r a p l o l d  t « « o n  ahow ad fa u  q u a d r lv a la n t a  and  a
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iaraa nuwbar or bivalonts In tha Pf1L«, whici indicates 

its ■•gnental alloplold orlQin* In pontaploid cuitivarSf 

puntavaLanta and quadrivalanta uara f»u , uharaaa tri- 

vaU nta  uara rathar nora. Univalanta uara alaa obaarvad. 

Praaanca of pantav;ilanta indicataa aiMilarity batuaan all 

tha ganonaa, howewar, it  ia difficult to dafina tha 

natura and axtant of pairiny in larQa nunbar of bivalanta 

and trivalanta. Tha raaaonjbly high nunbar of trivalanta 

iind univalanta way ba dua to potantial quadrivalant 

formation raatrictad by compatition in pairing. In 

haxaploid cultivara alao tha nunbar of niultivalanta 

uas low and thara uaa pradorainant bivalant formation.

Hiadrivalanta uara the moat corrmon type of nultivalonta.

A fau cultivara axhibitad diploid^like malotic behaviour, 

charactariaed by pradorainant bivalant fornation in 90 

par cant of tha Tha regularity of bivalent

forMation obaarvad in thaaa cultivara nay ba attributed 

to ao*ie sort of genetic control for diploidiaatlon.

Tha maiotic behaviour in octoploid tuxon uaa mora or 

lasa aiMilar to other polyploid taxa» Mure again, the 

highest aaaociation ancountarud uaa octovalanta uhieh 

assumed chain cr ring shape* ^loat of the MllLa exhibited 

lousr niultivalant frequency uhich again indicataa 

aagmantal alloploid natura*
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'^ lo a ia  in «n«uploid culilvarii u«s charact«rlattd 

by thtt prnsanc* of m l«rg« number of bivalants and f«w 

multiw«l«nta and univalonta* In odd nuMbarad anauplolda 

tha aMtra ehroMoaoNia raMalnad woatly aa « unlvalant} 

^ouavidtf occaaionally It aaaocl«tad with hlvalanta to 

for" a trlvaXant*

!n all  iha taxa atudlad, irraapactiva of tH» 

grada of ploldy, anaPHaaa 1 aagragtitian waa apparentLy 

nor*aal« *-*ouaVMr» anaJjthaaH XI a^ouad high dagraaa of 

IrraQulariilaa with l^QQing cKromoaoMaa* formation of 

wicronucXalf ate. Inapita of all thaaa anoAallaa« 

thara uaa qood daal of pollan atainabllity ^ d  aaad 

aat. Tha High daqraa of pollan atainabllity «ay ba 

dua to tha blgh polyploid natura of th® taxa. with 

th« raault ^mir\ Jinc^or laaa of chro«ooa«a(a) «rlaln9 

frow aagraq^tlonal Irragularitlaa can wall ba talaratad*

uWm contant

In tho praaant atudy Invulwlng varlmm 

polyplolil/anauplold taxa of worlfol_l_u^» thara la 

a diract corraUtlon batwaan U«4 content and tha orada 

of ploldy. Tha alight dlacrapancy In ONA valuaa with 

raapact to ploidy l*#val «ay ba du« to chromoaawal 

raaHufflinq and/or raarranqai^ta  which thaaa cultlv^ra 

hava undarQona durinq avolution.
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»riqtn and «volution of 0rn<i«int_>l

UnLlks «o«t of tho orna«ontal o«rd«n

h«¥* an anclant history of do»o»tlcatlon. 

pti«^ry c«ntr« of orlQln is thin* and thlnosa h«w» 

boon growing laprovod for»s slnoo 2 ,500  y«ar«» Th« 

g^rdon forma hawo arlson mainly fro« tuo alanantal 

•p«ci««t i,ndicum and wurlfoliug (L* *

Tha original for«»a wara protwbly ainglat «any flouarad, 

and ouUiwation for a long tiaa haa raaultad in tha 

tranafor"»atlon of tha corolla of individual florata 

into nunaroua fo rM  aaan today*

Tha tict%ial i«nrowa«ant of qardan culti¥«ra 

haa baan accotiriliahad in tha gard*rf^a of Japan, Curopa 

and ABhitica. In  A .O . 386 ohryaantha»w«a r a ^ h a d  Japan 

via •(oraa* from China^Holland uaa tha firat Luropaan 

country to import chryaanthamuma. from Holland it 

ra^chad franca and latar to tngland by about 17S4, 

Ai«aricana obtainad chryoanthaniuma from China atill  

iatar. In US4 attampta hava haan mart* to hybridiia 

gardan cultivara with wild ap«oiaa and proaiaing 

hybrids lika •Koraan Hybrida* hava baan avolvad*

In all tha «bova cssa«, gardsn chrysanth.mu«a hava 

raachad v<»rioua countriaa in tha form of aaadlinga 

or aaada. fro- thaaa atocka nau cultivara hawa arlaan 

both aa hybrid aaadlinga and from bud aporta.



Th« c h im f  factor underlying «volution hmm b*»n 

indi»crifli4ta Intar-varlcptal hybridization by nura«ryn«n 

and ant^uaiaats^ falLouad by aalactlon* furthar 

dlvdraity ha« baan brmight about by croaainq with 

wild apiiciaa* Salaction of aponttanaoua ^ta t io n a  

and fixlnq th« uaaful onaa throuqh vaQat^itiva 

propaqation also raaultad In t*^a oriqln of ffiany 

cultivara*

During a aaan of 2S00 yaara th# primltiva 

hybrida hava undargfx>a qraat tranaformation in tha 

handa of r^n» and inutimrablo forMa ulth groat colour 

divaraity hava raaultad* Thla haa boon aecotapliahad 

by varioua f^otora ilka outbraadlng, apontanaoua 

and intantional hybridiz^tiim, bud rHitationa, 

chro«oao«al diffarontiation, rapattarning and 

polyploidy.

^*rinciplaa of aal>actian

from tha nativa rogiona of Lhlna «nd Japon^ 

gar dan chryaantha«u*»o uara lntro»tJi!ad into Curopaan 

and ^l»erican gardana whara diffaront critaria uara 

uaod for aolaction of cultivara. Thaoa involvod 

incraaaad hardinaaa, dwarf habita, parfact ion of 

blooaa for aKhlbition purpeaaav gualitativa aapacta
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in CiwmmrtiU i mmrly taloowlng, colour divsraity,

incro4««d thlckn«»a of flaral partu to «nh«nco th# 

v«o« lif«  a» cot riouor, and introduction of fraoronca, 

UauaXly* tha ohrya;inthiiWu» cultivara bloon for a period 

of aix uottka only. In racant yaara* «wra attantion 

haa baan paid for yaar round procfcictiori of chryaanth»wua 

blooi«a. Salaction of varioua cultivara for thia purpoaa 

has dona in India and uthor chryaanth»tnu« grouinq

countriaa*

MorticuVt^UTi^l claaaific4tlon

Chryasnthaaum cultivara ahou a graat daal 

of variability in flowar colour, a^apa ate . Saaad 

on diffarant ahjpaa of tho bioo«, horticultural 

claaaifioaticn haa baan ampluyadt nainly for tha 

purpoaa of compatition In aMhibitiona* Tha blooaa 

ara broadly claaaifiad into U rg a  fluuarad and a»all 

flowarad forwa. Tha larga flouarad group containa 

diffarant aub-groupa lika Incurvad, Inourvin®,

Roflaxad, Intar«Midiata, Xrra«ular, Ball Rayonanta, 

auillad, 3pidar» Spoon, Uia««on», liingla and Sa«idouhla. 

Tha a"tall flawarad grouM contain* ^noMona, a u tto n , 

»ioraan (a in g U  and doubla), Uacorativn, i-o<«Pon.

^ t a lU t a , CharP or tinararia, yuillad ^ d  Sa«iqulil«<*

or Upoon*
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aANSLVItRM

Th* ganus belong* to th« faMily

A9Javac«a«. iomm • p a d s *  ar# h i ^ l f  p t i t m d  a« m •ourc« 

of ribp* crop to caar«« fabric#, fl«h  nat« ate*,

whiltt othara ara eultivatad for tbair orna**antalf 

variagatad laavaa. Tha purpoaa of tha praaant atudy 

la to undaratflHrt tha avolutlon procaaa in thla 

Inportant group of planta*

Banthaw and **ookar (1862-1ti83) placad tha 

ganua in tha orrtar Haawodarncaaa* U#itar, tnglar and 

Pri^tl (1P29) Includad thla undar Ulllacaaa togathur 

with i^phlotioqon, gonara.

Howavar, Hutchinson ( l « W )  pU < «d  tha g«nua In tha 

family Agawacaaa, Wacant atudlaa on a»bryology aa 

yall aa cytology by warloua autNira did not Juatlfy 

tha placawant of thla gonua In igavacaaa.

Na«rly 60 •p»cl«» h«v« tt««n r*port«d In 

g-nu., <w»t of t h , .«  »tm  eonfin.d  to t r a p l o l  

Africa. n«d«g««0 4 t «nd th» l.l*ndii n , «  i t .  co«.t  

and Arabia. Thr«« •P «c l«»  « •  r«curd«d fro* I n d U .

(jut of 60 opacla* bolooglnfl to th« q«nu«, 

only 2S « .  known o y to lo q ic .U y . I'' th . pr-.-nt .tudy.



19 spMCias Hav« b««n cytalaglcAily analysad» of wHlch 

th« chromoaon* nuHt}«r of 4 spaciaa has baon r«port«d 

for th« flr«t t l« « . Out of thu IS •peci«« , 11 mvm 

diploids, 1 t«tr4Ploldt 2 h«Maploid« and ona anauplold,

Tha karyotyp* of «pacl«« is charnctsrisod 

by th# prussncs of vary s*«aU chrowasowss, which 

outnunhsr ths largsr onas* Ths chro«wso«ss of all tha 

taxs possess nodlsn to subntidlsn primary constrictions. 

ItiMsls ilsr chronKiaow»s wars not olsar In any of tha tans 

studlsd*

Halosis of 13 tsxs uors studlsd. OipXoids 

rsqularly for«sd 20 bi¥«I«nts at Motaphass I . Two 

l>j,vaisnts wars largar than tha rsst* Ona hataroworphlc 

bivalsnt was otassrvsd in nwst of tha spscisa* ^naphass 

I ssgrsQation was rsgular. Pollsn stainabillty waa 

wary h i ^  and ssod fiNpnation waa aasn In auMo spaciaa.

A natural triplold has b a a n  found for tha first ti«a  

in a cltina of tha diploid apaoiaa* q rac jU a  

Hr own. It a ^w a d  a hitf> nuiitisr of trivalanta in tha 

Pft.a indicating ita nutopioi*^ origin* naioaia in 

high polyplolda waa r^thar difficult dwa to axtr«»a 

atickinasa of tha chro«oao«aa. Howavart pradominant 

bivalant foraatlon was obsarvad in thaaa taxa.
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Thfl Moat common nunbar in dipluid apACios 

ia 2n M M) hanca tha ganua la baaad on m m 20 . 

Mytarldliation and polyploidy aaa«a to hava playad 

an Important rola in th« avalution of tha ganuo* 

Irraapactiva of tha wlda xNarphologlcal variation 

oMonq apoclaa* tha chronaaoMaa h«va littla  qanatlo 

diffarantiation. Tha polyplolda hava arlaan 

through aagwintal alloploidy*
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