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INTRODUCTION 



I . ZKlHOimetlOli 

fli« iMportent* of pttl»«s la lodiMi ««rl«ttlti»r« i« 

UmK}«« *• th«jr ar« ttM BAIB •oiif«« of protoie ooKpoocet 

in tho diets of eoioal 00U04S pooplo* imUoo ovo eoaoroUy 

grova «• dr^laed oropo oo^ bofot for o«otiirio«» boon 

ooiootod KOoUy for their mrviTol imdor eonditioeo of 

•troos rothor than prodaotivit^* aowpoof itXmm ongoi* 

fyUto ih») Milp.) OB iaportoDt poloo oropt i s growi is 

•Isottt «U port* of ledio oxoeptiag the high blllo* It 

io « aoXtiparpose orop grove for i t s grooa pod for ooo • • 

v^otobiOf for groin oo poloo oad for fod^r* Bloskgroa 

iiJUma, WMA (̂ * i uopp«r, o^a. I1l#i0<>̂ m WmOL l**> and 

orooagroM iUMSM. godiotaa ih»} viloaokt syn* y^ooolof 

yadiotao L*) also pXî  on iaportaat rolo ia protoia 

ootrition oainl^ toooiaioo of thoir oaojf oookohiUty aad 

digooUhility. 

This f«Mia*tiag groop of plan to haa d̂ Tiaod prooiao 

elaasifieatioe aineo oonttiriaa* Tb9 oiaaoifioatioo of 

plAota iato faailiosi gonora and apooioa* ia goaoralt ia 

largely baaod en aiailarity of norphologioal oharooteri* 

•tioa. iiAptaaaia vaa Isid oa floral oharaotoriatioo liko 

Bushor of otaaeas* t̂ po of Ofor̂ t plaooatatioa and othor 

floral foatiirea* Haoy dooadeo wore to go«hy for thio 

apootroa to bt enlarged aod other BorphoXe îeal oharaotera 

•ado ttoe of* taxonoaio olaoaif loo tioa 00 m ostoaaifo 



MftX« vMi iio€i«rt«k«ii )y Uiiaft«Qs (17$5)l B«athaa and Hook^ 

UB6$)t MntohinsciD (lî dî ), vbtok rdpresMt alassieal vork In 

this fi«14« 13iU iaforBailoii has •v«rs4no« k««B tli« giii4«« 

post for a l l ftnrther toxonoaiio and Mologltal lovootigatiofit. 

Mlth tho advonooBont of tiao and toahnolofyt i t vaa 

foaUaocI tbat alaaai float ion «hioh wm dono Igr plaelng 

voiihtago on tho aorpkiologioal oliaraotorlatioat vaa loan 

roXiable and oft«a alaloading and tbat* for a aonnd olaaai* 

fieationt a oeapfohonaivo and dotailod atnd^ liaa to ^o ooa* 

dnotod. HIO proaont ooootpt of taxonoaloal atody la aalti* 

dirootiooal and Inolndoo two or aore of tho following aa* 

poeta via*t aorpbologioal* oytologloali aytograotloalt pliyaio* 

logioalt anatoaioalf Uoefaeaioal and palynologioal aopeeta* 

By aooaidwlOK tvo or aoro diaoipllnM togother and oxtva* 

polatioiE tbo roaolta of difforont diaaiplinoa i t abonld M 

poaaiblo to obtain roUable and aoaad groaplng of ^o lasa 

ao atadiod* Conoidoratioa of any ono of tho abovo aontlocod 

dlaoiplinoa for olaMifieatlon of tho taxa aay not ho aownd* 

Si^nifittonoo of taxenoay to tho plant hroodor la pro* 

fw .4 . £f . .« .r . r . . . r t to lurUi<>t<.tlta iowlrto, p l«to ,t 

difforont fariotioa* apooios and gooora. for thlo a aoand 

taxonoaio ioforaatlon la trory uoofnl aa i t donetoa noarooaa 

or othorvlao hotvoon tho iadivl<toala Infolvod* Thia v l l l 

alao ho holpful for oollahoratito work at tho Intornational 



l«v«l MBong •ei«DU«t«f l«r «xoliang« of mt«riAl and M l w t l * 

fiO lDB0lfl«4i«« 

S«xoo0ttisto io gBantd. )mv« « disliking t»««rd« tht 

•tiidy of •ttitiY«t«d oropSf vliiali is largsly ^ « t« th« grMt 

diversity itfid variatioo pattsra favad in doaastioated apaoiaat 

Mit «ttita vaoiiaraotariatia af tba vi ld aaaa (Haiaw* 19$$)» 

I'ortitafBera.tha aaattarad diatributiofi of th« oaltigena over 

tba glaba aakaa aaapliag a dif f iault taak* nia aoaplai 

oatara af tlia aaltivatad pl«ita oftaa praaaat diffiaaXt a w f 

alatai a proUaaa* Aa a raaiilt» vary fav graupa of aaltivatad 

plaata vitb tiiaiy a i ld ralatifas liaTa bam tfea aa)>Jaat af 

da ta i l ad tax<Hi08ia atady (I4t 1974)* tha abawtatien that 

tba taaEdaoay of aaay of tfaa aorld*a aaat iaportaat ganara ia 

aa iapivfaat aa to ba af l i t tXa praatiaal aaa (AndaraaOf 1951 )t 

oaa ba aptly appllad ta tha gaaara n/fflf ^ d f^^Hlfy^tit af 

fabaaaaa* 

Xayyaaarphalogiaai iovaatlgatios partioularly at aaiaaiOt 

yialda a aaaith af iofaratatiaat a t i l i t^ af whioh vaa f i ra t 

daoenatratad % Haaiiatoale (1929/ verkiag with £t& ift3C&* 

rallaving tha aaaaaaa of thia alaaaioal aaalyaia af paohy* 

taoa ahrcNBoaoisast tha potsatial Talna of atteh atodiaa tuiva 

^••n araaliaad ia taahliog atiawroaa aytagaoatia probloM 

(HaSliateakf 1931} Khoadaa aad MoCliatoakf I9$9i Motgoa, 195^1 

Rebbalaot I960i« As Xaolaaiva herbaria af the typo 

aoviaagad by Aaderaao (1991) for aaisa woald b« t9tf oaafal 

in the pttlaeat ainaa l i t t l e haadaay oan ba nade io tha 



t«xoB«il« trMtteoat la this croup by stodlta te««d M •!«•» 

aosoBO BOBlmrs only* IB tlHis«f tesld«s aorpliologioal oharM* 

t«risU«ft» «ytoI«gioaI fcBturw ••^••lally th« dftta on B«rpb«* 

iBgy of paeiiyteii* atereaosoaM would too v«ry vooftil* Thoroferoi 

«• otAlttftUoB of koryOBOfpliolo£lo«l difforoaooc BBoagat tho 

TBTlOttt sfooloB with « Tiw to flndOQt foatoreSft if osy* thut 

oaa too eorrolatod with Borphologloal tootiireo woold too Yory 

lotorootiBg Bad uBofvl. !Qtlo vovld BoooBBitBte ^o prooioB 

IdootlfiooUoa of oBob ohrooosoBO of tho haplold sot* B typo 

of BtBdy idiioh hoB booa uaod 1B tto Btudy Bf BBIBO and ita 

rolBiivoB with groBt tooaofit* 

13io atady oa BhreaoBoao aorphology oBpoBlally at 

paohytonof haa too^o noglootod in thia goava* Porhî a* tho 

SB̂ or roBBOa f « auah aogli goaao naa tho diffl«alty la 

ototBioiag oQltatolo pyopBratlOBB of tho oarly atagoa of 

BiBrBBporogoaoaia* ijovovor* tho offort neodod ta ototala 

BBltBtolo proparatlooo of tho oarlior atagoa BBB provo qnlto 

iforthvhilot for the BhrOBoaocies at thia atago aro MOh laaa 

Boadonaod thaa thoy aro at aitotlo aotaphaao* and honao* 

i t oould ahov a greater notttoor of vorpbologioal laadaarka 

vhioh Ban bolp in idontifioatiOD of indifldiial ehroaoaeaa 

paira. jrarthoraoro* when tho ohroaoooiBea aro oloaoXy paired 

tho oaaurroaoo of otoa aciBlX stntotaral dlfforonooa too^ooa 

tboa tflXl bo Bloarly brooghtoat at thia ataga* 



lti« tif apwlv* iaalttdad in th« stiidy ar« •owpea • 

y,fdi>ta> C|:«ia££2£ ^«) *ad two Vila tpMies of gmvs ŷ ana 

Bfiefl/t tli« ftias of tb« prosoot invooU^jatioa SAJT ^O 

•oMtoriood mo follovot 

1} To study tho koryOBorphelogy of tlio firo apooifli 

both at soaatio atago in root tip oollot Md at 

paotoytcco in poUin aothor oolla with a viow ta 

findout prlnoipXe diognoatle foattiros vliioli aoy bo 

holpful ia idootifioatioa of individtial ehroao-

aMios andalao to atady the katyotypio difOfoitlea 

io thoao op«eios« 

2) To atttdy tho ohiasaa froquoaoy ia tho fivo apooita 

at diakiaoaia. 

>> 10 traoo tht phylofoaio rolatioaohip among tho 

fifo apooioa* 

4) Id proTido oytologioal proof or othorviao for tlM 

tranofor of Blaokgraa and oroongraa to gooao yiana 

baaod on tho auggoation of Viloaok (19^) oad 

Ueppor (19!»6). 



REVIEW OF LITERATURE 



IX. REflEV OF UTmATUM 

fh« t«x« belonging to th« ttMilj I^gtminoetAe andt 

•utofaniljr PapiUoiiaecae have been •xtmsivaly atndlad for 

taxonoBio olaaaifioatlon* th« atudy haa givan fiaa to a 

l e t of oontroTaralal Tlawa* for axaoplai ^ouplng aema 

apeelea balonglng to genua Vlgna under PfaaaeoXus and fiaa 

Teyaa* oaa ba oitad* 

Unnaaua (1T53) la Spool «a Flantartia graopa aletas 

apeelea under Phaaeolua Ineludlng Oreengraa and Blaokgran* 

She Jcay that Llnaaeaa (17H) propoaed la Oeaara Plantarua 

for tbla group la aa fellowat 

Î maaoXust Carina apiraXiter eontra aeXaa roToXuXa. 

yjgpa » Carina eua oentortia gaaltaXibua aplraXua 
aaaentlaXa eat aota. 

SaTl* (Xd22| X824) diatinguiahea three genera la Papi-

Xioaaaaaa T1S«* PfaaaaeXua* ]l̂ J3gajUQd Delieho^« Aa per the 

kejT of eharaoteriatlea given by SaTi» PfaaaaoXua » eariaa 

apiraXl tort Con voXu tat veX faXeataf veX uaeiaaXi and yigna « 

eaXyeia Xabiua auperius iatagrua. 

Ihe diatinetion between PhaaeaXaa L« and yigna Savi 

ia one of the majear probXeaa In the eXaaalfleatinn of ttie 

tribe PhaaeoXeae. In the paata diffarentlatioa between ^a 



;M9 genera wee baaed on the degree to titaleh the heak of the 

keel la InaurTed* 

BCTtham and Hooker t (1865) Hat 47 genera under Fapl* 

llonaoeae baaed on the key of oharaoterlatiea given by 

Idnnaoua* ?haaeol\is L. and yigna Smti have alao been grouped 

nnder Papllionaoeae* 

lookerf (1897) atatea that nana haa twlating horba 

or ahrnba with ezaotly the aaae habit of ybaaooliia froa vMoh 

i t differa by the atyle and keel being am^ leaa oorTOd and 

loagthenod oat* 

Hooker and Jaokaan* (1895) auanerieing the taxonoaio 

elaaaif ieation from the period of Iianaeiia» 1773 to 1885t 

retaina Blaokgraa and Qreengraa under Phaaoolna» 

Bailey I (1949) idonUfiea Blaok-graa and Greengraa 

under fhaaoolwa and diatinguiahea /iiaaa aeaooipodalif. 

y.ainenaia aad i.Qy.HndyiQ^ aa diaUnot apeolea under genua 

yigna* The intorapoeifle differenoea betveen thes being pfl* 

aarily the lengtht tiiiokneaa and nature of poda (eroot or 

drooping)* 

Vilosekt (1954) key a out the two genera aa follovat 

Phaaooluat Stipulea not prolonged belov the point of 

inaertioni keel in a apiral of 1*5 oooplete turnat atigaa 



% 

•10DgAtt4« inttroAl or soBotlBM Yory •tert and ttraiiial 

or sa1>-torain«Xi with or without on apioaX appondago. 

YJgpat Stipule* prolOQ^̂ d bolow tbo point of inswr-

tioni k««I er«ot*inetir70dfl roarly nalcing alnoat OB« ooaploto 

tarn I *tyX« onding ^yond tho stigma in a aore or Xoss 

distinet kwOE. 

On tfais basis wiXosok transfors» for instanoo, 

P.radiatus to n ^ a and rttains P.sobiapori Taii%.« ia 

l̂ hafoô Vlf. 

Maokava (X9S$) soparates tho spoeits P»radiatas froa 

K n̂u* yhaaooXus on the grounds that, tho f i r s t foXiag« of 

in this qpoeies i s sosaiXo as in Vjgoa XutooXa (typo spooiea 

of gonus yigna ) and not petioXatod as oharaoteristio of 

PhasooXua YuXgaris (type speoies of gmins PhaaooXua). With 

this Maokawa has rapportod ViXosok*s proposed ohango of 

noneneXal^re and 1ms added a new point of disUnotimi. 

Hopper, (X956) transfers BXaokgran vis*, Phaseolus 

mans» L* into genus fi^na 3a?i, hasod on the key proposod by 

WiXesek (X954) and adds few aore oharaeters to distinguish 

between the two genera FfaaseoXue and fis^* 

Yiioaat StipuXes oordate or appendaged boXow ^e basei 

keeX straight ot spiraXXy twisted; fruit septate. 



fhastoluat Stipules tnmoatc at the l̂ as«) ke«l spirally 

tvistsd) fruits not ssptats. 

Tournsur (1938), in his studies on seeds and seedl ing 

of SOBS Phaseolus and yigna speoies and oonsiders tbat in 

yigna the f irs t pair of leaves* after tiie ootyledons i s 

sessiloi while in Phaseolus i t i s petielate* He thus sub­

stantiates the transfer of P.radiatus and f.muogo by Wilosek 

and Hopper* 

ftgrler* (1966) studied pollen grains of Asiatic and 

Amerioan forms of Phaseoius and oonoludes that the pollen 

of P>radiatus and P>aungo i s different txom the type spetiesi 

Phaseolus vulgaris by the retioulaticm pattern of the exine* 

Casiair and Marohndt (1966) studied several speoies 

frOB Phaseolus. PoUohos and Yjgna with respeot to presente 

or otherwise of Pipeoolie aeid and reported that i t was pre­

sent in the type speoies^ Phaseolus vulgaris L« but absent 

in y«luteoIa (Jaoq) Benth* Y»unguioulata (L*) Valp. and 

p.aureus. P.Bungo L. was not ineluded in the study. Further 

ohoBioal study by Thurman and Derbyshire (1967 )> of globulin 

pattern separation in several speoies of the two genera yjgna 

^'^^ Phaseolus also lent support to the ohange of neaenolature 

proposed by Vilosek and Hepper. 
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imtoMlX and H«ndl«> (1^0) ooapartd th» r«UoulatieB 

pattern on tte poll«n grains and auggMted an«th«r eharaetftf 

of dlff«r«a«« between g«aus Yigna and th« gtnna PhaaaoXus* 

Xbay reported that Vima la oluuraoterlaod )qr vido open reti* 

oulatiMi polXm unlike that of Phaaeolua L«t vhioh poaaeaaea 

narrow and aoooth aonXpture on the poXXen grain. 

Bieobei&ioaX evidenoe in support of the traaafer of 

BXaokgraa and Greengraa to Yigna la g i^n by Terdoourt (X970) 

by atudiea on protein apotting pattern* He found that P.aunao 

*°^ F»radiato8 ahoved spotting pattern aialXar ta Y«XuteoXa 

and not XiJte t'JUleSllM.' 

Ceaplte nuaerous atteapta to re»deflne the diatinotlon 

betveen PhaaooXua and Yigna. no eXear aoXution to the probXea 

haa been reaohed tiXX now. SoToraX efforts have been oade t« > 

reduoe the oonfuaion by aubdividing either Phaaeolue or Yigna. 

or both* HoveTer,aXX aueh attenpta w«re baaed en the atndy of 

reXativeXy few of the totaX numbw of apaoiea Mad no aound 

deoision eouXd be reaohed untiX aXX the speoies of the sub* 

tribe have been examined* 

Aooerding to Yerdeourtf (X970) X97X) the type apeeiea 

o< ?^ff»oj.ua (^.T^liayif L.) and that of ^U^sm Savi (T*XuteoXa 

(Jaeq*) Benth*) are aentraXXy pXaeed azaaplea of natwraX group* 

ingOf and ainoe *typieaX' PhaaeoXus and 'typioaX* Yigna are 
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9l«arl;^ disUnetr th« jMrglng of tbe tvo genn^a into ono It 

no selutioo* Altera ati vtlyi tho •abdl^riilMt of tht oooMnod 

pair into a awiea of soallor gmora would be prenature and 

would involve oreating a large nmber of new genera. 

The beat aolution may be to aeparate-off difficult 

aarginal groups a« genera or subgenera. Conaequently ?erdcourt 

(X970) proposed to reatriet Phtaoolua to those speoios whieh 

olosely resoBible p.yqligariSi F«lunatos and P«oooolaous in 

baTing no jo'olotti^d stipulesi keel and thiekened part of 

style twisted throu^ more than 360**} keel without a *Pook«t** 

and having pollen grains with a fine (not eoarsly retioulated) 

seulpture* Other groups previously retained in Phaseolus B«y 

be soparated or aoved to Yigoa whioh i s divided into a nuaber 

of sub»genera pending further study. 

The f i r s t report of the five speeies as preswated ia 

Index Kewensis i s as followsi 

y.oylindrioa (L.) Skeels.* q.S.Dopt* Aaril* Bur. £!• 
XBd> Bull . , Ill 282, (1913). 

Y.aarina Merril.* Interpr> PUBP* Herb. Aaboin.• 285 
\1916)• 

y.unguiculata Walp., Rep. Bot.t Syst* ^:779(1842). 
y.radiattt L.» giĝ . ^ . « 723, Hooker ttid Jaokson P.aupgo. 

^.aureus Hoxb., Hert. Isfift** 55* Jl.* IM** l U . 297* 
j .yadia^ (L.) Vilosek, n . CgESS. l£ i j£ fi&i M M M 

Oryndi. ^ . 386 (1954). 

Y.mungQ (L.) Heppes.t 12̂ * SUE* M.* Africa ed. 2» It 
*-"-"loedsss). 

file:///1916
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KArpaehenkOf (1929) hat reported II as th« haploi4 

DQnl»«r of tht g«BQ« FhaiaoXaa and ?liciia. This has latsf 

been oonfirmed ŷ studies of Kawakaoi (1930)I Tsoheohov and 

JUurtasohova (1952)I Soaa (1958)i Turnor (19$6)| l^aha Leli-

TOld (19$5l 1957)1 Shiteta (1962)} Frltohard and Go»Id (I964)l 

imam (1964) and Singh and Roy (1970) haire established 11 and 

22 as the haploid and diploid nnaher respeetively* 

The iaportanoe of paohytene ttsalysis in sytotaxono-

Bioal study was reoogpaisecl after the elassit work of 

MoClintoeJi (1929) in Baise* 

Krifthnan and Dot (196$) studied paohytene ohroBOsomes 

B̂ Phaseolnf anreas and reported range of ehroBosMie length 

Ml 73*3 Ji * 28*1 11 and range in Bitolio ohroaatin length as 

being 45*5 II and 13«3)i at paohsrtene and sematlo Botaphase 

rospeotiytly* 

fie and Krisfanani (1967a) oonduated oytologioal studies 

^ fhaseolus mnngo and reported diploid ohroBOsooe nuBher 

as 22* SoYonth and ninth ohroBosome were reported to he the 

nueleolar ohroaosoaes at paohytwae while seeond sod third 

ohroBosomes were the nueleolar ohromosoiaes at metaphase* The 

ehroBOsoaes are said to belong to the differenUated group* 

Mukher;}ee, (1968) eonduoted ua lys i s of ehroBosoBOS 

at paohytene and at sooatie aetaphase and reported range in 
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ehronaUn Itngth as being 44*50 JB - 19*4 s at paohyteoa and 

4«$ u • 1*9 It at sAmatle attaphasa. 

Metaphaaa luuryotjfpla atii4y has also baee oonduoted }a^ 

sevaral vorksrs lilcet Ssn and Bhovali (1962){ FarlSt (1969)| 

Karsshal, (1970), Sarbhoy, (19771 1978). Tha nitoUo ohroao-

siXEBt maasuresents hara baasi rapartad as wndsT* 

Dip- Total I«n-
Spaeias laid gth of 

No. ehromatln 

Range of 
ehroBOsoma 

length 

Rafareneo 

£*toteola 
UM%*i Banth 22 

P.BWingo. Hoxb.f 22 
JL*mimsL ««xte., 22 

40.62^ 
42.26 a 
35.20^ 
57.4 ^ 

1.55*2*55^ Maraohal,I970 

X.5 -5«<H)yB Sarbhoy, 1977 
1 .0-2 .2 M Sarbhoy, 1977 
1.0 -.2.8 II sarbhoy, 1977 

Crosaea batwoan f.iouDgo and P.radiata vera f irst affee-

tad by Sen and Gosh (I960; and Boling si.%L» (1961). Cytalogl-

oal a1»2dy of the oross vaa oonduoted by l)«na (1966) and Da and 

Krishnan (1967b). Based on these stadles i t has been oonola­

ded that the oytologleal dlf farenoe betvaen the two speeies Is 

one deletion, one duplieation and one traaaloeation. 



MATERIAL AND METHODS 



I I I . MAf£RXAL AMU N£I80I)t 

£••4 aaitrial of tte flTt •p«oi«s was pro«tiy«d frsa 

tiM All XaAla a«-trdlimt«d FrojMt on Palsw, th« 'taltwsity 

•f A«rlouIt»fal Sol«ii««»t BttDCftloro* Hi* l i s t of spotUs 

Mid th« sorr••ponding vori^tjr ••l^«t^d for tli^ stody i s girm 

toolovt 

8i»»o> jjOBO of •p^oi^a TTi^ty 
1 i*IIMIifiSifii& '̂•walp ssp fflffif^f^^f^ G-'W 
2 X-B&£i (i*- > tt^pp^r (t.ffliaas. I**) T-9 
5 i.(MiJI&il. (I**) Viloo^Jc (^.£ig|£^yt L.) P8.16 

• » • [ I l l 11 • • i i i i i i i i i i i i l l i - I — « — • » — » • — » M — » • I mmmmmmmmmmmmmmlimm>mmmmimmmmmm 

Thm •••da ««:• •own in tho Botonioftl garden in th^ 

JKhorlf of 1916, Ibo •••d^ vw • ! • • sown at tho ssasjtiM î^ 

««U pr^psr«d pots in tho brooding osgo. Moooossry plsnt 

protootion aooaiircs w«r« taic«a • • • • to ssintsin too plants 

vigor Otis and hoaitbjf* Flanta grovn in tho pota* ioaido tho 

oago woro oa^d for dotailod plant sorphologioal atndioa* 

fivo plaota voro oooaidorod for obaorvation i s oaeh aposioa. 

Cj^tolo^ioal toohoiauoi Iho astorial proaonta oortain 

diffiaultioa in gottiag voll aproad and ntain^d pr^parationa. 

Iho ooat oo&mon probioa waa tho oxooaaivo ataining natoro of 

tho eytoplaaa* I t waat tharefor«» %aito noaoaaarjr to find-
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Ottt •oitobL« setiieds of fixation and ataining* Tb« flx«* 

Uv«s Mut stains ussd var^ ssoording to ths prsfsrsnes sf 

ths wofksrs and oatsrial (sss rsvlsw by SbarBta» 1956 )• 

I t i s known that karyotjrpis analjfsls i s aidsd by prs* 

trsating tb« aatsrials with osrtain ehsaisals prior ts 

fixation* 2iunerou8 ohettioals havs boM eaplsyod for this 

pnrpsso and saob has i t s own Uaitations* Frs^troatssat 

bofore fixation haa baoocsa a roytine praotioa to pravsnt ths 

oluBpin^ togsUi«r of obrososoaos * Xhs uss of shsiOsals like 

solobieissf 8<-hydrsxy-qiiinolinst para-^i-^hlsrobsn8sns«Qd* 

bre»»naphthsl«)s (sssoWst 19481 Tjis and Lovan* 1950| 

and iUta t l %k** ^ 3̂9 > or osld trsatosnt are nov j^sra l ly 

rssoamandsd* Saoosss has oftoa boon shown to bs d»o loss 

to the partiouiar fixative or stain used than to the oheosing 

sf good vigorous laaterial at the oorrest stage with strongly 

growing root tips* Sueh pre-treataent helps to olarify the 

ehroiiosome aorpbology by aoewitaating both priaary aad 

sssondary oonstrietions and by bringing about spreading of 

th9 ohremoaoaes* Ihe way in whish the pre*treatments in-

f iuenee the struettircr and behafioor of shroaososes i s sot 

elearly onderstooci* I t haa been suggeated that tiiey aay oavse 

(Ij shanges in viaessity of the eytoplaastt (2) eonstrietion 

sf the ehronosomest (3i inhibition or breakdown of the spindle 

aeehaniea* I t i s not possible xe singleont out on<̂  partioular 

^"•"rr--, , - . , .-.,..,„ „ •J..-r.—.-.. V-..,,-,.,.—„,,^„,..,,,„„„,^^ 

i " " " " " ' " t " ^ : - : — • • • . S C I E N C E S ' ! 

"• * -' •<'ar«aLTK>Af.--.p-



pr*»trttatm«nt to bt ^tnivtrsaUy applloable ••# different 

worktrs h«T« «tr«s««d t)i« sttperlorlty of ono pr«*treAtB«at 

ovor tho other* lH* Ottooooo of najf nothod L dopondo to a 

lore* oxUiot 00 tbo t^po of aatorlal being exonined. Iho 

BOot •oUofaetory method oueoeeafully osed la ttie proient 

•ta4^ io briefly doaorlbod bolov« 

Foi the study of nitotie ehroaosoices healthy root tip* 

were takes froa aeeda gorsioated. on wet f i l ter pap«r in petri* 

dishes, lbs geraioation took plaee in y»4 days. MaxiMn 

nuaber of dividing s e l l s were observed in the aaterial fixed 

between 9*QQ AM to 10.00 AM. Whoa the root tips were aboot 

1 | to 2 OBS loag» they were eut-off froa the seeds and were 

kept for pre*treataent in a satnrated soltition of ^ ed -̂  -

Br osooaptheleoe for two hour a and forty five ainistes at 

I7^-I8*'C in a Kefrigeratfv. They were then reaoved and washed 

thoroughly in running water and fixed in Aeetis^aleohol for 

24 hours snd stored sft«rwords in 70^ aloohol. Three to four 

root tipa were takes in a watohgiass oontainiag nine drops 

of Q'% Aoetooaraine stain and one drop of 1 M KCl. The 

watehglass with the oootents was heated over a flaae* Care 

was taken to avoid boiling of the stain. later the root tips 

were washed with fresh stain to reaove a l l the HCl Mid ^ e 

root tipa were loft in the fresh stain for 2<-3 hours for 

staining, veil stained portion of the root tips was taken 

and squasheii in a drop of aoetoearmine. To get good star sad 
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of aetapluui* plftt«B the oev«rsUp MM ooiffd ^y a fllt«r 

paper folded three tiisee and preaaed unlforaly vitti a rubber 

baoJiced peaoil* £ixaeaa of a tain waa renoired by a pieee of 

f i l ter paper* Hie ooverslip Maa then aealed with wax. The 

teaperary alidea were atvidied «na well apread aetaphaae 

platea were aeleoted for detailed analyeia* Meaauresenta 

wece done by eaployiog oaaera laoida dravinga and ata^e 

aiofoaeter. Fiietaaioregrapiia of the repreaeotatiTe aeta­

phaae plate were taken froa the freah alidea* 

Ihe atandard aoetooaraiae aetliod (Bellingi 1926} haa 

not been found aaeful here as oytaplaaa abaorbe a l e t of atain 

wad beeomM dark in ooXor. tQie atainiag reaetion ia aaid to 

depend en four faotora eaoh of vbleh oan be varied independently 

il) eonatittttion of prefixatiYO* (2) atrength of the ataiot 

{}) duration of fixation» 8torage» and (4J aaount of iroa 

introduoed* Huaeroua aehedulee baaed on altering theae 

faotora and aiaing at greater atandardiaation of the proeedtire 

have been anggeated by different workera to auit the require-

aeata of aiffere&t oropa (Harka* 1952| Hyde and oardella» 

19!̂ >l SvaainathaQ» 19MI Magoon» 1998). All the obaervationa 

fln aioro^arageneaie were aade frea teapwrary preparatlcma* 

imnioUon of naohytene ohroaoa—e^t Varioua aethoda of 

depleting the paohytene ohroaososiea have be«i uaed depending 

aoatl^ on the type of paehyteoe ohroooaMiea* In aeveral 



18 

ftp«oi«ft th« ehroi&oiaffi«ft havt l>e«Q photttgraphed and straight 

lUi« dfawings wul* Cfiarton* 19$0f Gotii^halkf 1994 in t9Mto| 

turlshaiu) « d ii«» Iij63 in I^.aarwt Shaatuiingttpp«t 1962 in 

•orgliii&j. 14.a»-<l«-J;i»rl« (1932j in seoale md ilcf^anthus and 

daiTtUa t i tiu* 11^38) ia toarlajrt OD th« otb«9r hand* havt 

foXlovtd aluroaoBefio pattcra and titiair iotanaitiaa* Since lo 

gaeua fiima aad l̂ haaaoltta ahroaoaoaaa vara aaBawtaat • lai lar ta 

tMtato aad aari^oa* th« fornar aatbod davaloped by SwaaloathMi 

2Jt iiL* U^&4i and aaooaaafully uaad ia tbt atody of ahraaoaaaa 

aoalyala in aoxfiboa by Sbaabalingappa (X962)t baa btaa <saad» 

in tbia aatbodt bada of tba approprlat« aiaa ara fizad io a 

Mix tit ri of tfarta parta of abaaluta alaoboi and ona part of 

prepioaio atid aaturat^d vitb farrio aaatata* Tht appropriate 

tiaa to ooiloat and f ix tbe aatarial waa fovad to be batvaen 

e.0& AM to 9«00 PH. nxaUon at lav tasparatura for 24 hours 

gave good raauita* Tba aaterial aaa be kept in tbe fixative 

i taelf for a fev aontba if neoeaaary* Tba aathara are saaarad 

in ana or tvo dropa of l^ prapiano earaine* Jadiaioaa visaing 

otrer tba fiaae before and after tapping gave proper diffareo* 

tiatioo and spreading* A plated needle MUI uaadt to aaka 

tbe aaearf otheririae» tbe ataioing beooQeo very dark oving to 

tbe addition of aore iron by vay of tine needle. Propiano-

earaine waa prepared aa deaeribed by Magooa £^ §j^. (1998 )• 

Maaauraaqqit of chroaoeOEeat Mcaattreaaat of ohroooaaaaa 

both at aitotio aetapbaae and at paabyteoe in pollea aotber 
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eclla wtM ••eoapli0b«4 through oaatje* Inolda dzmwlags. m 

9969t to do thla» ohroHosoMM of €-4 good votaphaoo platot 

iB root tips ABd Bot looo ttaBB flTO ooll* at paohytOBO for . 

aaoh of tha flfo apaoioa iNura doaa with tha halp of tha feUow-

iBf optlaal InatxaBoita. Naepta oooulBr 10 x» apoohro«atla 

ahJaotlTO 100 B BBd uaiBg a prlaM typo oa«orii laoida. Maa 

drawlBga along %dth tha aorpholoftoal faattirao aapaoially for 

oaoh paohytOBO ohroMoaosa woro aada at tha tabla lavol. Xaeh 

ehroBoaoBO of tha aoouxmtaly BBalyaahlo ooll naa aorad to 

tha ooBtra of tha Bloroaoopio flold and diBBB oarofally thaa 

BlBiBlalBC tha ajioiiBt of •xxor latroduood bjr tha llBltBtlona 

of dJEBwlBg projaotad laaga of ahroBosoaoa. iBdlTldoal ohrB-

Boaoma froB tha dxawlBg waa thaa Baaatirod with graat aaiB 

BBlBg a BOB-aUatla t ^ a thraad, 

fha BoamraBOBta of Bltotlo BOtaphaaa ehrraoaoBaa ymm 

takm fron tha Una drawing paoalng throtagh tha Btd^lo vf aaeh 

BfB of tha ehroBoooBO and axtondlag froB ona aad to tha othar* 

IB oaaa of pael^taBa ohroBoaoaoa, BaaauroBOBta wara Boda froa 

aaeh am aopaxata]^ XaoTlng tho oaatroBorlo rogioB (Shaaha^ 

XiB|^9PB» 1962). 

aalBtlTO loBgth: for tha aoko of aoBroBlaBoo 1B ooapar-

lag tho ohroaoooBO alaoa hoth at paohytoao and altotlo aata-

pfaaaa ralatlva loagth waa uaad. Uaually, thora ara two aothoda 

for flBdlng out tho ralatlTo laagth. (1) ParoantBgo rolatlipa 

loBgth IB xoXatlcB to tha total ohroaatln loagth, and (2) tha 
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xAtle U 99tomtm0ot «h« l«ngth of th« IfldiTidual ohsoao-

mom» to ttet of tiho Xoafost in tbo ooBploaont (Boslitfoni, 

1996} • IB tho proaoBt otuAy tlio toofx aotliod hfts booa 

Zho QhroBoaonos aoamirod a« dooorltMKI aboTO* «•»• drsMii 

•nd ATomffo -ralaoo for o«oh oliroRoeomi %«• uood in tlio props-

/ mtloa of tlio f i m l Idloffrm for ooflli of tho spool oo. In tlio 

Idlograw of both mltotlo oo %M11 mo poedytoiui ohronosonoo tho 

iop of tho ooBtrottoro io kopt oonotaiit. Sho ohronooonoo 1B 

both ooooo oro orraaffod la dooroasiag ordor of tholr loagtht 

tho loB^ost oBO oeoapylBg tho i lrot pooltloa and tho ahoxtost 

ohroaooovo bolaf tho ti.oiroBth with a l l oontroaoroo oê iatiylBK 

tho aoMo pooltloB (for aoalo ooo Idlograa). 

Ohlaaaa froouoBOyt ^ho ooUa at dlaklaoslo otago woro 

ooBOldorod for tho aaalyolo of ohlaaaa froqaoaoy* Thirty 
I - ' 

eollfl at dlaklaoalo, 1B aaoh of tho flvo spool oo, voro ooorod 

for blvaloBts with - (a) throo ohUsaatP4.(b) two ohlamat<i(o) 

OBO ohlasMi. ^orago ohlaaaa(«por so i l aad par blipal4Bt waa 

oaXoalatod froa tho data. Boooablnatlon Indox, aa uaofhl 

•othod to atudj tho axtoat of hosology ^Ba alao oaloalatad aa 

doaorlbod toy ^tobblns (l^iT^). 

Photoaloroiiraphat Thotoalerographs voro tdcon with a 

oarl/B«l«B 75 an oaaoza ualag a 80 A^k orlglml-WoifoB bladk 

•nd whlto f l l a , mdor aa optical eeablnatlon of %• ploeo 10 x, 

apoohroaatlo objoetlTO 100 x . 
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Sht index of maytm9txy or 9pm9\ts t/i th« kaxjrotypt 

wfta OftleaUttd using th« ««thod adopt ad lij Stobbino (1998) 

•Bd aooozdliig to tht priaoiplM of Loritak^ (1931) who dofiiiM 

mMpmm%Tf mm • ooaditioa %ilior« mmbor of MbKOdimi ohroaooonoo 

mtm soro tte« tho nimbor of nodioB obmvonoiitfi* 

Kor^helofioal obiorrationo ifora aado in plants gro%« 

iB pots. Oritieal •orpbologloal diffaronesa taira baas dapia-

tad i» tha fox« of a polygraph (AndaraoB* 1957t Ifahsa* 1961) • 

lox plotting poljgxmph twalva Moxphologlaal ahaxaotarlatlaa 

vara aalaetad and two to thraa indax ^altiaa Mmrm naad. Tha 

ohaxaetara ehoaaa «d tha oorraapoading ranga of irariatioB aad 

raapaotiva indax fain as ara givan iB fabla 1. 

f0 eoBatmet a polygraph a kagr ia aada IB tha ahapa of 

a %fhaal vith radiating apokaa (lig.SL), Xba ontra of tha 

whaal la rapraaantad by • aaall aljrola. laah spaka rapraaanta 

ona ohamotar and tha dlstanea along tha ap(dca rapraaantlng tha 

^parlatton for that aharaotax* Oiiiy t\«alfa norphologleal 

oharaotara %fara aalaetad to rapraaant twalra apdlcaa. All tha 

ohamotars ohos€n baira baan obaarvad objaetiTaly. Tn plotting 

a palygrmph a graph ahaat %iaa naad to aid praalaa plotting. 

Aftar tha apokaa vara warlcad for aaoh apaolaa, tha pointa vara 

joined to font a polygonal figure. 
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fm\i}M It List of eh*z«ot«vB for plotting polyczmpli 
of tho f lfo opooloo 

Ko.ef 
•pokoo ClHixootor Torlotioii Tndox Toluo 

for polygraph 

1 HftUlt 

2 BttMtlon 

3 OonlBBtloa 

4 Hx9% \mt 

3 Flovor oolor 

6 l^ovtr also 

7 ^iqrl« •»« Xooi 

8 Apioal 
appoBdae* 

9 Ralryaooa 

10 Stipalto 

U £ihattorlBi 
Baturo 

12 LoBfth of po4 

itroot 
laalgr 
iBdotoxnlaato 
70-90 days 
90-110 daya 
HO paramilal 

fiplgoal 
Hypogaal 

SonoiU 
?otioaato 

tollowiali grooB 
•Parplo 

8Ball 
NadittB 
Larga 

^tralgbt raroly aaklBg 
OBO tllXB 

(Mrvod aaklBg ono or 
•era tcinMi 

?raa«Bt 
AtaOBt 

Iftilry 
Smooth 
Appondagod 
Hot appandagad 

Proaoit 
Abawt 

<4" 
4" - «• 

1 
2 
3 

1 
2 
3 

I 



EXPERIMENTAL RESULTS 



If. IXP ÎM ÎAL RESULTS 

Ih« •Allent iMtar«« of •xt«mal aorphologyt th« 

40telled s ta^ of soiuitlo aad paoigrtM* ehroaosdmcs asA 

ofiifs* of ttiorooporogonosis aio sttidiod 0flU««Ily in fivo 

•po«ie« of yjiffla* aod tlio rocttlto ATO pro«oiit«4 spooio** 

«!••• vith rogMTd t» cxtofHAl plant iiorphology* oapliftoia 

faas ^OB 1«14 on « f«w )coy aluuraetorliUea (iTafOtaUva and 

ffX9<ka9tiw) of diagneaUo valno la daaarltoiag tlioao 

apaalOB* Aa togarda ohraaaaoao aori^ologyt prapaebjrtono 

ataî oa aro aot oaaily aaonablo Soi oritioal aoalyala* Hei»i» 

ovor tho obaervatloaa aada in aafwral nualol la aaoh of 

tlioao apooioa ataowod tliat pairing iaitlatoa at tbo proxiaal 

aad and prosroaaoa tovarda tbo diatal oad. 

TSsm foatiiroa oenaidorod ia tho IdoBtifioatioa of tte 

lndivld»al paehytooo blvaXoata aro • (1) total loneth» (2) 

poaitloB of oontroBoxot (3) rolatlvo loagtlit aad (4} ara 

fatlo* 

Baood fln «ala«a Obtaiood ly aoovfato aoaauroBten ta of 

tho ehroaoaonoa la aovoral nuoloif whoro al l tha ohreaoaoaoa 

oould bo traood froa and to OBd» tho oloiroa paohjrtoao biva* 

l«Bta of oaoh apooioa havo bona axrangad ia tho doaooadiiif 

ardor of thoir loagth* ohroaoaoao I ia tho loagaat vhilo 

ohrOBoaoao 11 boiag tho ahortaat ia the e«aploiBont« 



r i f i i I'lMt of HMSSL uogm«oi>ta (u t- ŵ ip 

riC*2i PXAU of MlMis in y^ttPitttiaqlaU - Pl«kinMls stage 

tig»)t Flat* of Mioslo lo ?.tfPinilouUt> - Faobyteno stag* 





a.4 

Ih« l*Ur atagfis of nlerotporogen«sis v«r« Also ttodl^d 

la •Mh •! tikm9 •p«tl«« lajrini •aptesi* 9u tfo« ohlasBA fr*> 

qiKNMy »t diakinssla. fh« data of tbo aaao ia proaontod lo 

DaUo 7* 

Iho Tarioua aapoota of ttM atudiy ar« grovpod im<lor tiuroo 

hMidlttga Tia«» plant aerphologloal oliaonratioBat paotiytaaa 

ohraaoaooal analj^ala* attidloa in Bloreqporogonoala and 

aoaauroaoa ta of aaaatio ohroaoaoBoa* 

flupa ungttlotiXaU U . j WaXp. (2&*22> 

a> WPfro^ft^»^ o!?inf>^of»t» Tho apotioa la oharao* 

torlaod b/ aantMl* orott»biiahy« bofte* Goralnation of aooda 

boing opigoalt tbo fir at pair of loavoa aro aoaaiXo ia aatoro* 

2ho pXanta grow to a boight of about 43 ooa and boar long 

drooping poda 9n long podunoloa* Zbo loaToa aro pinnatoly ooa-

powBd witb t^oo angnlar anoqnal loboa* At tbo baao of tlK 

padotol a pair of atipvloi aro proaoat uliioh aro oxtoadod 

bolow tbo point of inaortion to tbo stain aton* Dio baaal tve 

loafiota poaaooa a pair of atipolXao vbiXo tbo torainaX Xoaf-

Xot poastaaoa a pair of atipoXXao (labXo 4)* 

infXoroaeoQOo ia borno on Xong podunoXo. Tbo fXovera 

aro Xargot aynBotriaaX and papiXionaooooa* Tbo atandard potaX 

baa a pnrpXo ooXoration on tbo bind rogioo* XooX potaXo aro 

fnaod togotber and onoXoso ton diadnXpboua ataaooa* HIO atyXo 

ia inoorvod aaking an anglo of about 90^. Tbo atyXo la 
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a6 

•xteod«d b«>0Qd tb« •tlgoia t» toim an aploftl apptnaag* ma 

oh«raet«xistio of the gMus yian>. Th« spMlss has a br«o-> 

t«el« at th« tea* of the ealyx and tbla ia largor 1« alia 

tlMB tbat proaoBt la y.auDito and y^radiataaCfiasL 6). 

li) yaah^tooo ohroaoaoaoai Tho abaoluto longtb of a l l 

tho ohroBoaoaaa aoaaurod at paoh^tono haa boen found to bo 

4^4*40 a* The loagoat ehromoaoao aoaauroa 69*60 a vhilo 

the aaalloat ia 21*60 a. Xira pairs of ahroaoaoisoa aro aaaa* 

aiatod with tho nuoloolua and aoaauro $3*6 a and 49*60 a la 

ioogtii* i^otalla of ohroaeoeao aoaaaroaonta aro proaootod lo 

lablo 2 and tho Idiograa la Fig. ^8 • 

caMroBoaocto I» Moaat«rod 69*60 a long. Dio long ara 

bolog $3*60 a aod tho abort ara 16*00 a* I t haa aa am 

ratio of lt3*3$ uid rolatifo longth of 16*02* 

Sbroaoaoao H» ^hia ia tho aooloolar ohroaoaono vlth 

•abaadiao oontroaoro* I t aeaatiroa 95•60 a* Tha aoeoadar/ 

aeaatriatiaD boing proaont on tho abort ara aabtarainally* 

Zfao long ara aoaauroa 43*20 a and ^ o ihart ara 10*40 a* 

fiolatitro loogtb aod ara ratio aro 12*34 aad lt4*13 roapoa* 

Uvoly. 

Chroaoaoao Il^t Boing aubaodiao thia ahroaoaoao pair 

ia attaohed to the nuoloolaa* Ihe aoaoodary oonatriotioa ia 

aubtorainal and looatod on the abort ara. Total length of 



l'ig.llo«4t C«B«r« laoifila <U-aviQg oi ehrMtoM»t« a t 

fi|p»£o*9« Qtutmrtt Ia«i<lft <l4ratria£ «f aoaiitld olur0«O£«Ea«« ia 
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th« ehroBOsom* U 49*60 ii» long tn aod short ara ar* 36*80 m 

and IZmBO^ long. RolaUvo longth and ara ratio aro I1.42 and 

Ii8«87 rospootlToly* 

ChroiBoaottO i f i fbia aodiao obroaesoao aoaaortd 48.00 a* 

Rolativo longth and ara ratio aro U«0$ and ltl«22* 

CfarottooOffiO y» Tho autaodian ohroaoaoao aoaooroa 43*20 a 

and has a long ara aoaauring 26*40 a «id abort ara of 16*80 a* 

Ara ratio aod rolativo longth aro l t l , 97 and 9*93 roapootivoly* 

Chroooooao Ut lOtal longth of thio ohroaoooao io 33*60 a 

tho long ara and olwrt ara oeaonros 24*80 it and 8*80 a roa« 

pootivol^* fi«lAtlvo longth io 7*74* ftao thffoaoao ia saW 

aodiaa with an ara ratio of lt2«82* 

Chrogoopao H i t doing otthaodian tho ohroaoaoao haa an 

ara raUo of ltl*73* Total laagth ia 32*80 a, vhilo tho long 

ara and ohort ara aoaaoro 20*80 a and 12*00 a reapootivoljr* 

Chroaooono y i l l i I t aoaaoroa 31*20 a. tho ohroaoooao 

ia aodian with ara ratio of li l*16 and rolativo longth io 7*18* 

ChroaoooBo IX t ihia aohaodion ohroaoooao aoaaoroo 28*00 ii 

in longth with tho long ara aoaauring 17*80 a whilo ahort ara 

aoaauroa 10*20 a* Tho rolatA.TO longth aod ara ratio has teoa 

found to bo 6*43 and 1(1*73 roopootlTol^* 



Q8 

»;far0—og» l» l>i« ehrosesoac has » totel l«ii4;th of 

23*20 m and i t M41«n in e«ntraMerl« po«iti»o* Tbc long ftra 

«««»ar»« 12*60 vt mai short «ra 10.60 • • llic rolotlYo longtii 

«Qd ans ratio aro •̂:i(4 ao4 I t l . l g . 

^ottoo0tto XI» Btiog ttM aaailoot obrooioooBO in the OOB* 

yliMQt tho two arae aoaaaro 13*60 a and 8*00 a ani tho total 

Itogth ia 21*60 a. Rolatlvo loogth aad ara ratio telag 4*97 mA 

l i l*70 roapootlToljr. Tbt obroaoattso haa boea groopod at aalK 

aedianX''̂ <?AA). 

f[oioala> RogQlar Ufaloot foraattoa te^ at diakiiioaia 

and Botapliaao*! and follovod by aoroal dlajonotion at anaphaa«-»I 

baa bo«o notiood* ?oll«e f trtllitjr waa aoraal with 8$*9C^ nor* 

aal polloB* 

i^tailod atiidloa oa ohlaaoa froqocioy la 30 oolla at 

diakinoaia haa ho«B oarrlod oat* Out of tho 330 hlvolaita 

oataalnod 70 hlfaleote havo hooo foand with oao ohlaaaa oaahl 

243 bit*X«ita with two ohiaaaata oaehi and 17 blYalonta with 

tfaroo ohiaviata* Total ohiaaaata ia 6071 atorago aaabor of 

ohiaaaata par ooll ia 20.23 and aaabor of ohiaaaata par bifa-

loot ia 1*84 (labia Dif^'r^} • 

Mitotip Qhrogoaonet Abaoloto loagth of aoaatio ehroaoaoBoa 

rango^ froQ 2*60-1.20 a» mi tho ovorall longth of tho ohrooatin 

b«lng 38.80 a (ISable 3HP''J-^9). 
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tig*6t rignre ot sorphologia«l features of T.tyngalonXata 
plant 



z' 

E(32x) 
V.unquiculata 

C(1x) 
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(arwip A« tJoosiat* of oat paif of salnodioo ohroiao* 

. . . . . « « , n « « * .« . ; i i . 1 - 1 ^ . n . . long « . 1 . 1 .8^ «.<! 

•hort orm 0*80 a. R«l*tlv« loogth and ara ratio aro 13«40 

and lt2«2$ rospcetlvoX^* 

grottp &i CiiffoaoaoBta with aobaodim oontremerie poai* 

tioiit poasossoo a soooodary oooatrietion en tho ahort arm. It 

aoaauros 2*30 a io total* with the loi3g ara aoaauring 1*70 a 

» « th . .h<>rt « . 0 .60^. Th. r . U U T . Ungto . d u . n t l . 

aro 11*06 and It2*83 rospootivoly. Thia greop haa two pairs 

of ehroaoaoffioa* 

^otip C« ^̂ hia group haa foar pairs of nodiaa ohro«o« 

aoata* l*oagth of th« ohroaoaomo boiag 1*70 »« Tho loag am 

i s 1*0 M •Qd abort ara 0.7 a. Rolatiiro longth i s 8*76* 

Gyoao 1?» Haa threo pairs of aodiag ohrsBoeotBoa aoa* 

aori&g i«4 0 vhiio both aras aoasarod 0*70 a. Rolativo Isngtli 

and ara ratio aro 7*22 and 1<1.0 rospootifsljr* 

Oxooib fe» Coaprisos of ooo pair of sataodim ohroao-

aomoa aoaaoriog 1«20 a. la thia otaronosoaot tho loag ara ia 

0.7 a and short ara O.50 a. Holatiro Isegth and ara ratio aro 

6.19 aad Itl.AO roapoetiTOIy Uig*? }• 

BSg£ (L.> Hoppor (20-22; 

«> Horphologjoal oha^rtaUoaat Boiag a doseaUoatod 

apMioa tho pisnts of this spsoios aro aaimal and dotorainato 



31 

h«r%«* Vnn plmt* grow to a b«lght atootit 30 •••» th« 

•t«a i s partially pi^antad and hard* GaraiiiatiOD of aaada 

iBaiag apigaal tiw firat pair of laavaa ara aaaailo aod Xinoar* 

Laaves aro pionately oaapound with tteaa l o ^ a . At tho teko 

of tha patiolo a pair of stipulas aro pros«it« Theaa ara 

aaaller than thoao of y»miigMiCttlata and ara Mctaadad ^lotr 

tho point of inaortion to the at«a. £aeh of th« Ijasal leaf* 

lota have one atipollao tdiilo tho torttinal loaf l o t haa a pair 

of atipollao* 

lafloroaoeneo ia a raoeao and ia horno on a abort 

podooelo. ibo flovora aro rolativoljr aaall and papilio-

naaaoua* ^ o ataodard petal ia grooaiab yollov in eolour* 

Ibo kool ia ftiaod and oooioaoa a diadulpboua ataaoo and a 

atyl« wbiob rarely aakoa one ooaploto turn* The style eoda 

in a stigaa Mhieb baa an apioal appondago (tig* 7 , ?lato n ) 

b) Paabytone Qbroaooomea* Absolute length of a l l the 

ohroaooomea at paebytone ia 557•iO a and the range la botwooa 

44*80 B and 20.00 • • l>otAilod ohromosooal aoasureaents aro 

givoa in Table 5 and paobytoao idio^aa in f ig .^s . 

The regiona flanking the oontroaoro (proadaal region) 

takea deep atain and the other regiona atain ligbtly^^'^^s.^.^) 

Cbroaosoat I« It i s a aedian type of obroBosomo vitb 

the long ara aoaauring 24*00 a and the short ara 20*8 a* 



irif* 7« flm% of l *Mi i i& U O H«pp«r 

n f • 81 Plat* of M i o s i s i s f,«spgs • i'ssbyUns sta«t 



Ais^t^. 
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^4 

Hi* over Al l Isngth of th« ohroaoooeso i t 44*80 a . T)io rolAtlvo 

fffaroaoooao I I t Boing a •nbaodiao oliroMooM I t aoaotiros 

43*2U •« ioa^ Mfi aoaouriog 3>*6&')i *n<i short am 9*60 a. Hit 

ara ratio la Wi*5Q aad rolatlvo loagth 12«08« 

ghrofoafaa III* lotal loe^th of th« obrosoaoao la 39.20^, 

flit okuroaoao&o lo aubetodian viti i lotig ara soaaifflog 24*00 a ao4 

aiiert ara 1$«20 a . MoXatlvo loagth aad ara ratio aro 10.96 aai 

1 U « ^ roapootlvoU* 

SJKUmXSmJLl^ ^ i « «hroao»OBo aoaaaroa 58.4^ with IOB« 

ara aoaaaflag 24*80 u and short ara 13*60 a. Tht rslatlvo 

loogth asd ara ratio are 10*74 aod l i l *a2 rsapsatlval^• Tho 

ahroaosons Is sutiasdlai* 

gftraaofoas #i Ihs total loogth of tht ohroaoaoao la 

35*4;0 a. ihs {losltlot} ol tho oontraaoro la aodlao aith hoth 

tho araa aeasorlnc 17*6 a . Tho rolatlvo loagth of thia ahfo* 

aoaoffio la 9*84* 

Qiroaoaoao f i t Tho total Isagth of tho ohraaoaocs la 

34*40 a vlth tint long ara aoasurlfii 19*20 a and short are 

13*20 a. fhia la foood to bo a aodlaa ohroaosoao vlth an ara 

ratio of l t l *26 aod rslatlvo loa^th la 9*62* 

^m^mm ni^' '̂ hla ohroaoaoao aoaaorlag 33. f i^ Isof 

la atthaoalaa with loa^ ara asaaurlog 20*80 a and short araa 



I'if* 9< u«i!«f« luQida drawing el oturososoats at p«ohjrt«e« 
•taut lo X*si&i2. 

Jii£«lOt Gmmtm looida 4r«wi&«i of Mtt«U« ohrmMsoftea io 
f »Bttoaa 
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12*80 »• a«l«iiT* Ungtb and ttm rftUo w« 9.40 MUI ltl«62 

Dialog obreaoMa* maaaurlog 2$.60 ii ie loa^tli UM long «ra 

%aing 17*60 II and aliort ara 8*00 a* The aoalaalea la attaah«4 

t« the ahort arm. ftalatifa laagth la 7*16 and ara ratio 

l i2*20* 

Cteaaâ a— iXi HaavifiBi 21*6 ii loa^, tliia pair alaa 

taaa a aaoondary oooatriatioo oa tli» atoart mm vHii^ aaaaarea 

14*40 a laog* i»hert ara of tbia autoodian ohroaoaoKO aoa» 

aufod 7.20 Jii rolativo laogth 6*04 a with ara ratio li2*0* 

ghroaoaoao Xt ftoaaariag 21*60 B thia la tte aaat aay« 

•aatriotti afaroaoaono «ith aa ara ratio of lt4*40. SoXatlTO 

Ifagtb i» 6*04* Long ara and ahort ara aoaaoroa 17*60 a aad 

4*00 a roapeotivoly* 

ftfffim?^ hi* i« to© abortoat aUroaoaoao ia tbo ooa. 

ploaoat aad baa aafeeodiaa ooatrMioro* Itoo ahroaoaaao aaa-

aaroa 20*00 at vith an ara ratio of ltl*OB aad rolativo 

loogtb $*$9* 

hoioaia I Later ata^oa of aoioaia aoob aa diakiaoaiat 

Metapbaao»I» Aaapbaao«l and aoaood aoiotio diYiaioa aro noraal 

witb pollen ferUlit^ vpto 8$->90̂ * 

Obiaaaa aoaljraia ia }0 eella at diakiaoai a baa bo«B 

earriod oat* Of the >}o bivalooto atediod* 1)9 biialoata 
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•ti«w«d •»• »lii>wi> Mithi 177 bivaX«ot« pOMe«««4 two obli 

t«L m^hi •&< 14 Mtr«l«ot« frnw thr«« •iii«aaftt« M«h« Total 

ooKbor of olilaoooto io $39 *ad averogo ohiosmto per ooll i s 

17.84* vlUlo ftTOfAgo noBbor of oliiMmat* por bif»l«it io l«(f 

(3)ablo 7>^^^i3) 

• ^ ̂ Altttt ffteriifWiH* ««»Uo obroBooosoo rongod la 

loo«tta <fO» St»2ii» to l a o a. Xho ovwall loagth of ofaroaatie 

ia 57*20in* tbo dotaiXa wltki roap«at to loa^tbf ooatftaorit 

poaitiOD* rolativo Xaagtb aod ara raUo ar« prMontod In 

î abXo 6« Baaoa on loagtfa tbo alireaoaoat palra ttooy ooald bo 

CYOttpod lata flvo gf0«pâ <^<)̂ 9) 

QyoOT At Foaooaaoa oat pair of aobaodlM abrosoaaata 

aoaaariaf 2*2 •• Long ara of tbla ohroaaaaaa ia ^O li aod 

abort ara 0.9 a* Rolati^ longtb aad ara ratio voro 11*82 aaA 

111•44 roopootlvol^. 

Group i t soapriaoa throo palra of obroaaaaaaa aoaatir* 

log 2*10 a* loog ara aod abort ara bolag 1*6 a aad 0«$ a roa* 

pootiTo^* itiolooltia io attaohod to tbo abort ara* Tho ro» 

latiTO Ittogtb acid ara ratio of tbia aabaodiaa obroaaaaao aro 

11.29 aod 10*20 roapoativoljr* 

ftrooy wi Haa tvo paira of aat lUto tbraaoaosta vitb 

SQbKoOiaa oootroaore aed ooolooloo ia attaobod to tbt abort ara* 

It ataoaroa 1*7 a 1OB« witb a long ara of 1*0 a aad ^lovt ara 

of 0*7 a. aolativo loo^tb aB4 aro ratio btiog 9*14 aod lil*4S 

roapootitfoljr * 
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Or OOP hi Inolud*« four pairs of sodlao ohrocooonoa 

MAoiiriog U40 A* Itolativo longtli ! • 7*$3« 

Oroitp kt SMUIOSI ohroaoooBo pair boing sittaoAifli 

•oaouroo l*XQa in Xoogth vltii 1OB§ mad obort oroi aoaoorlag 

Q*lQa 004 6*40 M ro«pooUv«ljf« Ara ratia aatf roXaUvo loaffth 

aro l i l .7$ and S 9 l roapoeUvoJjr^ ^^'o) 

jUmmmiM u«> wioaok (211-22} 

«k> lf>p>iolo^<»l a^orwitiaaat An aamial* oro«t» Aotor* 

alnaie hofb* Xbo apoaioa aiff«a froa l*HUtt, ^ '** aapoata* 

Ooralnatloa toolog oplcaal tlio firat pair af laavM aro 

aoaailot th« hypaaatyl ia parpXo and tho opiaatyl iproM ia 

ooiour* 

lQfXor«aa«oa« ia toaroo ao a aliart podunolo boariag aaall 

fiowara* ino teak of tht ataodard potaX ia iro«Biali yaXlav* 

1310 k««X i>otaX •oaXoaod a ati|pa irhiab ia oorfod Imt aat Igr 

aaa aaapXota tor a* Ibo tip of tlie atyX« ondad ia a aUgaa iriiiaii 

baa ao apiaaX appandaga aa in t*fBSUSL* ^^ Xtavaa aro trifoXiatt 

aad bava a Xinaar atipaXa at tlM baaa of tba patiaXa^ astaodad 

baXow tha paiat of attaahattot to tiw atoa* Poda vara 5 ^ aaa 

Xoog aad araat ia aaturo (labia 4i^^'~^f'aj7). 

rMhitfflf gmrWWfWIfl' aiHrd«M<»« Xaagtii at patbyUna 

taagad fraa 47«96 ii to 23*99 a. Xba aforaXX Xaogtb af tba 

paab^taeo abfoaoaaaa aoa^oaaot aaa foaad to bo 40X«07 a* 
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UhroMoao— I t I t ia • Mta«4iao •brosotosst oMmriag 

47.98 fl* Sb« UQC <ur« a«««ur«d 28*91 ji wmi« tli* abort ara 

19*07 li* a«l«Uf« XiQ^th aod «r» ratio ar* U*96 aod l i l *52 

raapaatiTaljr* 

g^aaoaoaa lit VM ohraai—(na aaaaiira4 46*15 ii» tiM 

lan« ars being 39*09 P vhila tha ahoft ara 12*74 «• ^ a ra« 

lativa l«agtls and ara ratio aro 11*91 aad 112*62 roapoitiftly* 

f̂troaoaoaa 111* Ihia haa aa ov«r a l l laairtD of 42*44 n 

with aotaadiaa oentrosorie poaitioa* Tb* ohroaoaoso baa • long 

ara of m»i3 JK aad a abort ara of 14*19 )i« Bolatlvo long t̂b ia 

1 0 * ^ aad ara ratio l i 2 * 

ffftrfjtfyjf I f f HoaaarlBg 98*14^, thU aotaodiaii obroM* 

aoM baa a long ara aoaavriag 22*76 » and abort ara aoaanriiig 

19«98 Ji« Xb* raUiUvo longtb ia 9*90 aad aara raUo lil*48« 

CbroMoaoao yi tbia obroaoaoao ia 9^*91^ ia loogUi vitb 

aodiao ottotroaario poaiUoo baa a leag ara aoaaariag 19*09 Ji 

aad abort ara 17*82^ long* Ara ratio aod rolativo laagtb aro 

foaod to bo l t l .07 aad 9.20 roapootif^oljr* 

ehroaoooao y]̂ i Ibia obroaosoese aoaaorod 96*29 a aad 

poaaoasoa aiodin oentroaoro* Ibo long ara ol tbio ohroaoatao 

aoaauroa 18*49 a ood aboYt ara 17*84 a* lb * ara ratio aad ro« 

laUvo loagtb aro l i l *0$ and 9*04 roofHMtivol^* 



f4«a2# nmt mf l.|i<y*&Jl U. i wiloi«k 

ici«*l)i fUt« •< ««ie«i« i s l*CiMiM&*> fMiiytw* stac* 

iri«*l4< f i.«t« of B«losis 4a y»g>di>ta^ - >^«t«pli«i« sUg* 
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4:1 

B M ••Btr*tt«r« ! • auiwailiMi ia i ts po«itloii« Hi* satmawr/ 

oanstrioUM i s pi«a*et •ttbtatBlaaU^ on th* aliafft i ts* Itaa 

•fM ratio aed ralativ* laagtls ara Iil«77 aoi 9*74 fts^aatitaly* 

hoog ara aod aliort ara aaaatvad 22*A3Jt t»i IZ»$X ^ fmp99Uflf* 

flhraaaataa filjlii 3liia oiir«iOaaBa aaaatvaa 99 •S ) ! ! ie 

laagth ti)« looi are and ahoft ara aaaaura 19*6S a aad 14*15 Ji* 

Itoa ralaUta laagtli aa4 aia ratia art 8*49 *o^ l i l *99* fte 

aluraaaaaaa ia aubt«rainal« 

wiiraaaa^a XXt Sha oaQtrosare ie this ohroaoaaaa la 

aadiao and aaaauraa 90*76 Jif aaali ara ataaoriog 19*98 Ji* 8** 

XaUva laaclii ia 7«67. 

(agfaaaoaa * t %a lca« ara af thia aiaraaiaat aaaaaraa 

1&*99 ji and ahirt ara 19*99 !•• Ovarall Itegtb ef thia aadiaa 

ohroaoaoa* ia 29*92 a• Halaliva l«actli and ara ratio ara 7«9< 

a84 ia* i@ raapaatival^. 

aaraaaaoaa XI t fliia aabaadiao alaraaoaoaa aaaauraa 29*99 a 

ia Itogtb* Hia loog ara aaaaaraa I5«98 a and aiiort ara 8*61 a* 

Ara ratio and rolativo loagtn ara ltl«79 and 9*98 roai?eativoIjr« 

yaioaiai Lator ata^a of aoioaia tmwh aa Alakiataiat 

tiot«|^liaao*if Mias l̂iaao*! and aoaaod aaiat i t difiaioa art Boraal(F/f/A) 

OUaaaa anal^aia io 90 aolla at diakioeaia haa beta 

oarriad out* Of tbt 99O bivaioetat 19O bitaloata hayo aao 
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4 ^ 

«hi«ss* •Mli{ 194 bivftlcnts |̂ Ma««a«4 two ohiMHiate Mthi «i4 

6 1iif»i«»i« tliMtd ^aro eliiasamt* •«•!)• Idtnl atmbtr of 

•liiasmU in tliis sptoivs (fmr 30 o«lla) i s $36- Av«ra|̂  

• i t̂ t̂̂ f̂ Jt^tffiStttA* ^» •©••Us MtsplHiss slifs-

»».«»•• tm^^ in I t t b ffss 3.50;i i s U40^. Ths sssoiid 

losfsst shrsaesetat psir is ttis aoslseins organisiag otaroaosoiso* 

&9M%A on tiMi pr«s«»oe or afeoeROo of sosoodary eooatrlotiOQ» 

loagtii sad pooiUoo of ooctroaoro tht oosjploatnt sool4 te 

divi<lstf iato six croups ilMio 9)^^'^-^3)-

Crottp 41 has cos pair of soteodian oteroetoso î « i ^ tito 

two sras aoa«iring 2*10 a aod 1*20 a* fbo obroaoosao ssaatves 

3*30 Ji is loagtli* 

Croaa Bf Oaa pair of aatoXUtod ofaroaooeaoa nith s«^ 

aodioB primary oooatrloUoo* Sosoodary oeostriotiOB is pros»at 

Xoogth is 11*48 and ara ratio iMiag lt3»00* 

teoaa Gi liaa tliroo pairs of stitoodian ohrooosoaas aoas«r« 

ia« 2*60 a is l«B îti« Kaiatif* X«Bgth and ara ratio aro 9*97 

aad lti«$0 rospootiYOljr* 

(arottp Bt Oao pair of aodiaa oharoa ŝsaos sossttriac I •BO a 

ia loagtb* Ara rstio and rolativo loagth aro ltX.2$ aad 8*61 

roapo«tiftlf • 



f inalsi Gmmmm looldA drculiig of olurMMMBts at 

i'ig«16i OiuBtVtt liioi<i« dravlae •< sMwiie «faroaoMs«« 



F«Q - 1 5 " 

Fig-16 



*^**^^* p i S t * * ' Wpll»Utj*««l iMtUTM tf £.Iftll4iXltt 



« # • - c 
D 

^ ^ 

CO 

V. radiGtus 



45-

witit tin l»ng s a aMMtqriiig X*00 a Mci sbcrt ara aaaauriag 

Q*€a. thi& group oooalata of tuo j?mir9 ^ oiurocoooaoa* 

(aroaa Ft cosalata of thioo pairs of ao^oa olviaoaaBoat 

asd oaoii pair aoaaaroa 1*4 a . aolatliro Iwistii la 6*70.CF.e, 14) 

Sfflft tyUffttlff i ^««^« (20*22) 

spooioo io pliotoooaaiUvo ia natoro* %o planto grow t» a 

h«i£ht of 60 oao* loavoo ar« aagolar asd iiMllor ooaparotf 

to tiaat of i>fBiftt'i^»1i»' tlcnoro aro toorao oa loog po4-

aooXoa* flovoxs aro not aa big aa tHoao of y.gnjniioala^* 

6orai,QaUoa ia bjrpogoal aad tho f i r at pair of loavoa aro 

poUolatt* Jnoavoa itro oaooth and trifoUato* Baao of 

poti;^lo iiao a atipalo ifbioh ia oot oxt«34o<l bolaw tho paiat 

of ioaortioa to ttat atta. foda aro $•£> oao loag and oroot 

ia aattiro* I'oda on drying dobiao and tbo aooda aro dia» 

poraod. !Itiia b«i«e a wild ofaaraetor ia oon^piotioita by i ta 

ooo^oxiotoooe ia apooieo y«ttn«oiao lata# t*JBiSMSL <Bd 

y,radiat»a (isablo 4>(P'>»8.aO-

^) 3^ f̂artopo otaroBOfiOaof t ^ 0 loageat oturaaoooao ia 

t ^ a aoaooroa 80.QQ a vbilo tbt aiiartoat ataroaoaoao ia 24*0 a* 

OY«^ail l«n|[th of tho otoroaooaao eoaploiont at paatijrtoao ia 

tbia ap«oitta aaa foao(i to bo Wl.h m» l>otailod aaaaoroaoota 



n«.i«i fumt •« i.ummat^ i^*i snwu 

n§*l$t tlmU of B«io«is i s f*fMliaitim • PM^Une stAg* 
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# i « * a i t OMICf* l lM ldt t 4ir«Wieg 9t MfiiaUO OUrMMSMlM 
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10 n«* as • 

QHgy—o«» ^t It i s 80^ ISBg* ths siorsassttis Itts a 

as^iai ««o^esi«f«. R«l«Uir« Isocth is 15*I7» 

ghroBOsocf l i t It is Alss m. Mdisn olnrsMsSM ssswf-

isg 7^*40 M loaf* ibs ahrososos* iiss • Isog mtm ssfts^arisf 

| i*4 Bf M 4 ̂ Mrt srs asssgrisg 54*00 «• Bslstifs Isagtb i s 

11*59 sad sirs ratio lil*07* 

OtoffsssMs n i l this sUfSsssAst liss a ssbasdias S«B« 

tfsasrs vitt} a tstal Isngth of 65*60 a. Xho loag ara aoaswss 

45«00 a aad sHert ara 20*6 a is ItOKtii* atlativo lon^tli and 

ara ratio aro 10*80 sod li2*18 rospsstiTsly* 

CfagoaossBO If I d5*80 a loog tbo shfoaososs has a «ib» 

aodiao priaar̂ r ooastriotieo* fbs loag ara asasaros 40*00 a 

aa4 tlio siisvt ara is 25*20 a* Sola U is loogth aod ara ratia 

ars 10*41 aod It 1*72 rospcstivoljr* 

Shrsaosass f i ths shrsaossas i s 61*60 a Isog vith tlis 

osQtrotMoro asdiM io positise* Bath ths aras Bsaswrs 5^*80 a* 

2hs sssondarir seastristiao i s lasatsd sabtsrainaily on ths 

short sra* ^«lativ« loogth of this shroaossao ia 10*14* 

ghrfasssas y|* this satsllitod obroaososto aoasivos 

61*60 a* Q̂M 1SQ£ ara is 44*20 a aod shsrt ara 17*40 a* 

^Mt^ 
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•ra. ii«l«Uvtt iMfitii U 10.14 Md MW ratio lt2*94* 

C^a«»«o«» y i l * H I U alif»M»«M U 93*60 11 io l«igth* 

i)i« prlaarjr eonatrioUoc ! • ii««rljr n«di«n vitb loag artt Ktasur* 

iag 30*60 a *n4 slMTt «r« 25*00 it* a«lAtlf» l^gtl i wd ara 

yaUe af this oturoaatana ara 8*a2 aad ltX*55 rtap««tiialjr* 

(jiareaaaoat tlltt IhU is sttta«diaa t jpt af oturosesoaa 

aaaaufiog 47*60 a. Hit laeg ara ia 2S*5 Ji mi * a r t ara l$*3 a 

la iMgtfa* RaiatiT* Isagth aaA ara ratio !»iaf 7*83 aad 

ItX*47 roapoatifol^ • 

Clyoaoooac IX fnn4 Xi Tb« two ohroaoaoao paira aaaattra 

40*0 a aaata and poaaooaod a ao4i«i i^iaarjf oonatriotloo* Ho* 

latiYO laactii ia 6.30* 

gfarocoooco XII Xhii ia ttio ahartoat afaro^oaoaa ia tho aaa* 

pifsaot aoaaariag £4*00 a* Hiia ia tlio aoat aayaaotriaal tjfpa 

af ohroBOoone aitii long aras and short ara aosa«riac 20.0 a sad 

4*0 a rospootiaHi* Kolativa Ioa«tli ia 3*99 and ara tatio 

ll5*OO^F-')^io). 

l^oiasiat All ttia aobao«a«it ata£»s of aoiosis art foaod 

to te Boraal vitli aoraal pairiUct diajtnctioo of ohroraosoeea* 

^ l loo for t i i i t y ia hicli* 

Ciiiaaaa analysis ia 330 bival«nts froa 30 soils at 

!)ialLiaoaia gavo tho fallavinc rosolts* 98 Ufsloata aith aaa 
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5*0 

•hlawMi 2X9 bif«Uot« with tM ihlMMU WMhi IS Uv»X«ilft 

with "i •falMMta MMh. Total mmhn of •hiMoate i s 979* 

AT«jrac« miabtr of chiASiiMita p«ff blTftlont MI4 p« to l l ! • fooai 

Mt to «• 19«17 aod 1.74 fmpmUwmU (Tftblo 7)^^')^3) 

o) ^ItoUo aopoof t tho ov«r*U loacth of aoMitio aota* 

piiftso oturoMooao ooKplfiaont ! • 49*0 a. Xbo loofott throMoooso 

i s 9*00 Ji whilo ohortost 1*9 ii. Boso^ oo pooltioo of oootrs* 

•trot rolotivo Imgtn m^ ors ratio ttio otoroaoooasoo havo %ooa 

groopoo into fifo frospa* i^otaila of omroaoaoao aoaataraaon ti 

ia siTio ia UhlM XI, fi«̂ «̂ USQ 

OrowD 4t Haa on* pair of avbaodlan etaroaoaoaos aaaaar* 

ara i s 1*40 • • RoXativo Xoofitii ia X9*99 ao^ wa ratio li l«ll# 

Gyottp Bt Ooaprisoa of tvo pairs of aataXXitod oliroBO* 

soMia witli sttbaodiao priaary ooatriotioo with mtslootoa boiof 

attaohod to lubort ara. TotaX Xoactti of sluroaoaoBo is 2«4 a 

ioac ara aoasurinf X*8 • and tiio abort ara aoasoriof 0.6 a. 

Ilio r«Xativo loogth aod am ratio aro X0.€7 and Xi9»00 

pssUroXy. 

proop Ct coaaiata of tbioe pair a of ohrsaoaoaosf tlio 

long ara aad ^wrt ara aro X*2 a and 0*6 a roapostiToly* Total 

longtii ia 2«0u If. Ara latio and rolativo loagtii aro ltX*9 sad 

&*8<l roap«stiTOl^» 
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5*1 

t iM OturOBOMS* i « 8 * 0 . 

orwtt n this gr»tip tes « « p«ir of svtaMidiftii ohroso* 

•os«s viULô  «•••«»•• 1*5Q j i Ittag* 3ii« laa^ arm aMsiires 

a.96 • iriUU in* aborf ara ia 0.60 a . Balatifa laogtii aai 

ats taUe af« 6*67 and U^ raaptaUvaly* 

aj ftWi?||»tgrtyf^l 1^ifyft t t^t» ^ « apaaita ia an aa* 

iaaaaUaatai wild apaa i«a* Garaiaatiaa la liypagaal and tfaa 

plant groaa lata a traHlag plaat* Salog ptwtoaaaaitivat ttaa 

plaat kaapa urawlag a l l throiii^ th« /aar aad la paraoalal la 

aatiira* I>aavaa ara tlilok aad aaatad with a waxy layat • thla 

^aalaa la rtalatant to powdafy alldaa aad laaf aaptarla af 

aavpaa* f l t a t pair of Xaâ aa la potlolata* fha atoa la 

waodjir* fiaaa af tha padlaal iiaa a pair af atlpalca ( f i^Ia 4)« 

lafloroaaanoa la a raaaaa aad la beraa oa a laag 

pa^MBala* flowara ara oalttior aa larga aa la aovpoa aer aa 

aaaU aa la Blaoii^grm or oroaairaa* Tba atipalo* a t tuo 

teaa af tbt loaf de«a oot axtiad boloa tbo paiat of Inaartloa 

to tte sale atoa* Tlia standard potal la yallowf lio«l la 

faaod and aoaloaoa dladalpi»ta ataaooa and atjrio viiloli alallar 

to tliat oi aoltlftttod aovpoot hjf paaaoaalag aa aploaX i^poedafll 
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6'3 

b) fifflMrtfftf tftrtffffifflft' Sta4y or •tamomoum at p«ehy-

t«a« sliOMCi that •v«r«Xl ^ITOBOMC* iMgtto ! • 496*00^ «i4 lb« 

t M i « k«iB« S»9.20 a to as.OO a* D t U i U of •tir9si«M»« MM»r«* 

ft«at« aoa l a o ^ i i a at* pr«»<mt«a la laUtt 12» n«s.a4,a?,A9^ 

ateogeao^ I t »«««irts $9*2 Ji io l«oi^« fk« laog am 

U 40.CK̂  • til* atert ara aaaawaa 19*20 • • m« aaaoadary aon* 

atriaUoa an tlia abaft ara* saUtiva laagtn aad am ratio ara 

11* 94 afi4 It2*CJ8« niia abrMioaasa liaa a aQbaa4iafi aaatraaora* 

6teaaiaaa«a 11* Xliia aa4ias obroaoaoaa aaaaoraa 96*80 a 

in las^tii* fba l^ag ara aaaattriag 32*00 a , aa4 ^ o r t am 

i4*a a* HtlaUva langth btiag ll*49f ara ratio ia l t l . 5 0 . 

Sliia oluraaaaaaa ia tiia ooalaolar ahroaoaoaa aitii Baolaolaa 

attaoiia4 to tho ahart ara* 

aiireaoaaaomit Kaaatsriog 96*OQ a loagt tho aliraaoataa 

baa a aatfiaa ooatroawa* l<aag ara aad abort ara aoaatiro 

$0.40 tt aad 29*60 ii raapoativol^* Bolatitro loagtb and ara 

raUo aro U*29 ao4 i a * 1 9 ra^ooUvol^* 

Cfaroaaaoaf Itft £bis autea«<ilao obroaoaoao aaaaoroa 

49*60 a* Lrnkg ara ia 91*2 ii and tho abort ara ia 18*40 B» 

uolativo laagtb aaO ara ratio aro 10.00 aad l t l *70 r«af»oa-

tivoljr* 

Cbroaoaaao ir> Sliia obroaeaoao aoaanrod 48*00 a loaf* 

Ibo loog ara and abort ara of tbia obroaoaoao aro 90*40 a aai 



f iS* 2$t n « i t •! y*»«tp> Uara . i H«rriU. 

flg«a4i tX*t« •£ •• i«ai« la y.«>gia» *» FMlgrtva* s tM* 
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fi«« 25 > d«i«ff« itwito draving of «hr«BO«oaM at 

f4f«26t OMMfA litol4a ^awiog of soaMiUe «brMie«MiM 
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17 • 60 II iMf * ATB ratio aB4 r«lfttiv« l«agth I M I ^ b««o fmmt 

t9 ^ l t l *75 «o4 ^•(8 rtt«p«eUv«l|* 

gjKMHmJQL* ^^/> ^ *̂C ^^9 •hfoaoMa* baa a aubMatae 

awtraaara «ltli a long arst aaaanfiaf 51*20 it and abaft ara 

saaaunoK ia«80 a* Halatlya laogtb aod ara ratio ara 8«87 aa4 

2*44 raataatival^* 

Chraaaaoat n i t amtraaara baiag aataadiaa tiia loaf ara 

aaaaoraa 3W.40 a «Qd short ara 12*80 a. total I w f t h ia 45«M^* 

itolatlfo i«Dftli aaa 8*71 aod ata raUe vaa lt2«>7* 

flarofaaao f l l l t iiiia oiiroaoaoao aXaa tea oateodlaa 

ptXmmtjf oooaUiotloo • Totol loagth ia 40*00 • • th§ laa« ara 

aaaaoraa 24*00 a aod tbo abort ara 16*00 a* Rolatlvo laagUi 

aod ara ratio aro 8*07 aad l t l *50 roaptatiiroly* 

^broayaoffio IXa Xt ia 40*00 a loo« aitb aodiaa eeotroaaro* 

Ibo tao araa of the ohroaooooo aro aqpal ia loagtb* aalatifo 

looftb U 8*07* 

CbroaaaoBO x« IMa obroaaaaao alao pooaoaaM a aodiao 

oootroa^o aod aoaooroa >I*20 a« tbo two araa boiog alaoot 

oqaai* ara ratio ia l t l *0$ aod rolativo loodHi 6*29* 

yhrottosofeg XII Xbia boioii tte •aailoot obroaoooao aoaaoreo 

28.0(^ a io ioogth* Loo« ara ia 20*00 o and vtailo tbo abort ara 

l»*00 li* Hoiativo Isagtn la 5*64 aod ara ratio 1(2*90* 
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All th* •iib««qaiet •!•«•• of Miosis vis«t MakiSMis 

p«i l«o «r«i 9btftin«4« 

Out 9t ttm 3^0 t»ivales ts in 90 pollso aotHsr ss l l s 

scal^ssa ts stnd^ the sbiesas frequessyt 90 bivslsots sheirsd 

SBS siiissMi sssiif 231 HiTSleots fsssesssd ins oiUswasts cssbi 

while 9 bimleots iwve three ebis^sts essh* fstsl shissms 

is H3* Average sbiasas per sel l i s 18«10 sad aTsra^e siiiasaa 

p& 1»italeot i s UU (Xatte 7 K ̂ '̂  - 3 a') . 

• i iiitotio ohrssessfges* the MOge in sasaUs shrottssoss 

l e s f^ i s 9*2^ sua 1*8 ia» l^e ahaalttte l«i«th is $6*20 »• 

m9 shrsMssaes have 1»e«n «roii)pea lata 6 f t sa^ (Tiihle I5)(̂ ŝ .̂<^33 

orswa AI Coaprisea tea pairs ef ohreaosaaes with aadiaa 

primary sooatristion aad aeaenrea 3*2 a. Relative leofth aai 

arm ratie are 11*39 aad Itl.a^ respestiftlf* 

r̂awf Bi iiaa threw pair a af aabaadiao shiaaaasass aaa* 

sarins JvK'Jit laog ara beion 2*00 a and ahort era 1*10 a* 

Relative laagth ia ll»03 sod ara latis l«l«62* 

(araap at 2.90 a long thia graap haa twe paire of shra* 

aeasass with satallitae on the short ars «liish aMisates l»1Chi 

aod l»2«Xi reapestively* 



Fi««l7» f l # i f« • ! SMrpbologlaAl f««tare« oC X^iifikSyi. 
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I fmsJ^i Sills tmm We pairs sf ohrMisssass assatirlBff 

U90m is IsQftli* ^ s Isitg sra asaadrsa 1*00 a and tha ahart 

afa 0.8Ĉ  I I . RaUtiva langth aed ara rai ls af tlila aadlaa 

aiiraaaastea ara 6«4X aad l t l *2$ taafaaUfaljr* 

\aettp if» 1*80 a lOBg thla aiiraaasaas iiaa a aalmadiaB 

Ipriaar/ aonatrioUeo* Balatlfs laa/'tb aa4 ara raUa ara 

6«41 aad Iil»$7 rtaj^aatlfsl^* 
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f . 81SCQBSX0M 

i M o l t t Of t i n p f M i o t iMwdy art disotissod tindtr t h * 

! • i t t tmaX aorplMlogy 

2* f«otiyt«s« 9hfMio«oa«0 

} • MltOti* OllVMIOMaCS 

bjr tUttlr t t M t p U a t typ« v l i i l * tten spMlts n^yllntetoft ! • 

bii«li|r luibit* iiov«v«ff X«tSLi&£ 4i f f«rs fros th« oth«r foor 

•pMi«« l»y baling «pr«Ad^og and la te t t fa inat * plant tarpt* 

y»»iglB^ aaa aptaaA aot afar an area af abast oaa aqaara 

«« tw and ia parannial is natara* y>ttoaaiottXata« ir>aitagf« 

I ' f imi l r^f f «<* i *aa i f i i £ i l&» ©» *»»• •*»»« hand, a r t asattal Is 

aatara^^'v^O-

vaatpbal iX974>» liaa apinad tbal net aitali veric baa baaa 

daaa with raapaot ta the oattira of garalnatiOBf l«o«f spigaal 

«r kgrpogaalt and baa aug^eatad that t l i ia algbt \» an lapartaat 

taxoaoaia oharaat«r and datallad atadlaa ^ao ld ba takaa op* 

ObaaTYatlooa en tbe garainatioa of aaada i a the f l i a apaal«a 

lUM Oliovn that tbt tMO v i l d apaoioa aia».f .ayI iBdriaa and 

y.paglna ahovad hypegaal gwaioatioa vbila a l l th« tlvaa 

aaltiTat«d apaai«a axhibitad apigaal garaioatiaa« 



6-q 

Ib« first pair «f lMf«c that «««rg« ftft«r c«nilamtlon 

•f ^« Mt^s alM tshlMt iBt«r-«p««ifl9 diff«r«ii««9« 1!ti« tw« 

wU4 tpMlM «how«d pttloXat*^ first foUsgSt whilt tli« thr«« 

»jitif«ted spMltst pMMsMd stss lU Issvss* Bmtlin stadles 

of Masiunra {19^3) «od I«iirB«iir (1958) on this ohsrsctsr tost* 

pslBtsdimt that ssssils ostur* of tho first leaf i s a ohsrao-

torlstis foatnro of tho goaas fjgaa vhilo tho potielate aatnro 

i s tho sharaetoristio of goniis Phasoola^ a»4 ^Ilohos. 

Is tho prosoDt stadyt of tho fifo spoolost tfaroo spool os 

•̂ a*» l-mctUiEiftMf I*iaS£t*nd y*ff^4itgt» pMSOss sooslXo 

loavos ifhllo tho othor two spoolos vls«» f.oylladrloa nd 

y>»arioa> hoar potiolate first foliago* This shoald sot 

Koaa that tho Ii^tor two spoolos do sot holoag to tho goaas 

flJBia ss tht othtr oharaetars* of this spoeles* sgroo fory aaoh 

vlth tho goms fjjaa* Iho fsrlattoa for this oharaetor vlthis 

tho goevs Bay ho a oaso of ofolatleaary progross* 

Basod oa tho sossilo aatoro of tho first loaf vhloh is a 

eharaotoristlo of tho goaas ?i«a tho tao «pool«s P*awMro sad 

^.aaroas hafo hoea rogroapod aador tho goaas ngaa* Xho «bs«* 

fstioa oBd rogroaplag ooofira to tho oarllor ao^ of Maokaaa 

(1959) sad Soaraoar (1956 )• 

As r agar do hairiaooo of plaats, t*MS£t "^ y.radlatas 

possoss prof as 0 hair oa thoa vhilo tho oth« spoolos aro 
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• i S « of RUplllMI *900« tlW tif SpMitS tlwy « • pTM^nt IS 

«U tb« spool** otudlod* Ibo M i ^ dlfforoooo has boett thott 

i t i s opp«ii4«god in y^ttpyiiioqlotftt f,mantc9 «id y*r>diotef 

wbilo i t i s not «pp«ad«£Od in i*iacl&ft *^^ y.oyllntoic»» 

Aooofdlas to vilosok (1954) otipolos vith *ppoocl«gOf tlMt iot 

•tipolos oxtoodod feoXoif tho point of iooorUonf i t tho tlwr«o» 

tor of tho goaao Yiaao* la tho preooot study stipolos in, 

B̂ i,»9MJtSSL *°^ y*o^linteios sro sot oxtondod teoXow tho polat 

of isoortion* Ihis sii^t s^sis sqggost that tho stipolo with 

appendago ia as advMnood charao tor in tho gonss HJSUI and thus 

fonoraUy prosont ia enltivsrs* 

1̂ 0 olhor aorpbolocioal difforoooos vith rogard to fXotal 

eharaetoro aoong tho fiTo spooioa aio fIo««r oolotnr» fXov«r sisot 

hraotooXeOf styXo and kooX« î pioaX apposdago os sti«Mi» aattiro 

and Xoofth of pods* 

flowor also and ooXoori Though tho fXsvor ooXoor ia aXX 

tho sposios stodiod is haalsaU/ yoXXSv slight irariatioaa havo 

hoos ohaorvod. y.aniaiioqXata poosossos porpXs shadod staodtfd 

potaX and y.radlatos has gro«nish yoXXow shadod staaterd potaX. 

limiting thoso tss fsriatioas aXX othor sposios «diihitod > 

yoXXov fXevors. As for tho sixo of l^o fXsiror f>uoattioaXstf 

"̂ A JL«ii£iM ^ ^ largo sisod fXovcrst ifhiXo l̂o fXowoiEof 

othtr tiroo sposios aro raXatinoly aaaXX* 
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Styl» and k»tlt In oeaflfalty with tht r«via»4 Iny 

prep98«d tjr Vilas^ (19M)» y»r>4i«tti< and y»wtBg» p«swm 

•tjrX« «od k«el aakioc alaoat oot ooaplett ttm « sisilax to 

th« otter Uurot apooloo inelvAad in tte pronont atir^* 

As rofATdn styXo Borpliolegjr «U tbo fivo opooioi 

•tadiod posooM «B apionl opp«kUifOf m 1»o«k Uko otrvotoro 

protrading boyond tiio ntigiui* this i s oisilar to tiio tjppo 

sposios of fonas ŷ ôf SAVl i»o« y>Xo^ls« sod not ss i s 

:^>yiljtsris. s typo sposios of gonss Fhssooins L. 

Pod loBgtht whos pod loogtb vss obsorvod y.nngaioBlsts 

vss found to imw tbo longost podst tr«o ts tho direotlon in 

vhioli ttoo aslootion prooouro tiss boon sppliodfor this oeonosio 

oiisrsctor* All tho other spooios hsvo sasU pods rsnginc is 

longth froa 4-6 oas* 

2* ?^ftytfio y^0i|OiOff«e 

Aeenrsto sod dotsilod inforaation oo ohroaoooao aorpho* 

logy son bo sbtaiaod by soalysiag aid-psohytooo stsgo dwisg 

aoioois* Iho oood«i8stlon difforonoo botvow soils is aiaiasa 

St this stags and tho pssltioo of tte priasry oonstrlotion son 

te sssily idsotiflod. Paehytoao analysis bssidss providing in* 

foraatioo on position of oentroaorot position of attaehowt of 

aueloolnsy sod natiiro of ohroaoooao asaoly difforontiatod or 



aiiroKotea** «t paoliytM* stag* 
A . Y . u n g q j e u l a t a B . X*SIifi&& C. X.SS&LlUUL 
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viidiitfttir«iiU«t*d* •!•• proTid«s «• witb isforsuitioB mob M 

iMtiir« and «lstrib«tl08 of ohromiUii Mitoriolt ^i^ holpo ia 

idontif jriog a spoolM M odvonood or proaitivo* Ibis typo of 

atod^ ««« initUtod «itti tbo pioaoortog work of MoCUatook 

(I929i 1931) ia iSA aaya« Slaoo thoa the potootlal valno of 

aooh an aaalyaio and ita vldo applioatloa la aoiviag of aovoral 

oytogonotio and ovolQUonor/ problts ttaa kooa roaliaod (foaka* 

tasbwaralo* 1962). 

It obouXd hovoTor bo oaatioaod t ^ t al l ploot apooioa 

aro aot oaally oaoaablo for oyoh atadioa* Sootoaa oaa bo 

obt«4oodf largolyt m plaata opotioo wbtob hmwa lov ohroaoooao 

naabor aad abort aiaod ohroaoaoooat bat aot in apooioo witb 

•aay aad largo obroaoooaoot boaaaso of tbo diffioulty ia fott» 

lag woll o^oad proparatlooa* fnrtbor aaob a otadjr oamot bo 

takoB Bp la plaat opotioo wboro abroaooeaoa oxhlblt otiokyaoaa 

ablob la goaotio la aataro* 

Xa tbo aoaoa fjaaa tbo baplold obroaoooao ambiar baa 

baoa only olovoa» aad tbo obroaoooaoa aro vorjr abort* !nioao 

fafourablo faotora bavo OBooaragod paobytoao aaaXyala la tliia 

gMiaa (Krlabnaa aad Co (19i5) la y»aarooat Co aad Xrlabaaa 

il967a) la t*aSIf( •"< Makbarjoo (1968) la f.alaoaala). 

Sw paobytooo obroaoooaoa of all tbo flvo apttloa 

oxblblted tbo pooltlOB of ooatroaoro tory oloarly and woro 

alaa cbaraetorlood by atrlkiag dlffofoatlal atalalag oapaoity* 
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«»Misid«riii« »1X tli« «««1X«U* informitioB •» pMbyt«ii« •n»> 

Ijrsis* ?«oiCAttshMir«ltt (1962) «l«s«ifi«d paohyt«ii« Qhtmn^ 

»09— Into tM br«ftd t^pcs B«i«ly diff«r«iiU«t«d aad midiff«» 

r«iitiatitd* 7b« foracr «at«««ry is ob«rftot«rit«d ^ proxlaal 

darkXjr •UiBinf region and dintnlly pl*o«d lightly ttaining 

rtgiOQ • Sa* abroBonoMn of tonto (BartoBt 1950), PUotnao 

•vita (Mydot 1965)1 MiSSm (Gootootwlki 1994)» Sorshmi 

(lJlftgoon» 1960| 1961) Md soToral 9tbm erop plant ewto midor 

tbia aattgflry* Sho aoooad oatogory ooeaiata of atooaoaoaoa 

i^ieb ataia Qnifornly «r ahow obroaomere aiat gradiatit froa 

prexiaal to dlatal oad. Xho paabytane ehraaeaosea atudiod la 

Aaparagaa (Liaa^o^Faria* 1992), gwtf^i pffypgr̂ ^̂ -f?ŷ g«gg 

iatddy, 1998) aadtearloy (Sarvolla* s i i^.t 1958) are of ^ia 

typo. Iho paaliytono otaioaoaoaea of yio fifo apooioa in tbo 

proaeat atady aay to ipronpod aadet tho lypo *iifforoatiatad 

oturoaoaoffioa*** Ibia olaaaifieatieB of paohytoao ohroaoaoaoa 

liaa already boea anggoatod fey Kriafaaan and Bo (1965) ia 

l.*ia£Sai*"^ ^ *^^ Kriahaaa (1967a) ia t'WmM.^"^'^-^^^-

Xbo totol otooaatioB Itegtli feoisg 454«4C> a, thia apooioa 

(f.aniaiionlata) oonoiatod of tho aaaiana attabor of aaya^etri* 

oal ehrosoaoaea (hafing as ara ratio of aoro than l i2) . Of tho 

fOQr> too aaaond ohroaoaoaoo vaa the aoat aayaaotrioal wito 

aa ara ratio of aUi^Uy aere than lt4> In thia opoolea tva 

hifoloata awioly aoooad and third appear to ho ia aaaociatioa 

vith tho Bvoloolaa aifhtoraiaally^^i<^.33). 



fiC«3li ¥ol^gimphm of the tif vpmim 
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2B I*lii l i . alM two blfftXmta hav* lM«a t9nnd to to 

piwoat 9t this spMl** aoiiti»t«4 of font ooarsaotrloal Uf»» 

l«ato aad of thtto ohrooooeno 10 was tiio ooat aayaaatrioalt 

with aa am ratio of li4*4* Iho total ohfoaatic loagth at 

paokiytooo ia ttiia opooi«a «aa 557*60 a. A aiailar otoaorfatiea 

baa boot aado by Oo aod KiUbaao (1967a)* 

2B y«gadiataa (y*aorooa) tbo ocapXosont oooaiatod of 

two aayaaotrieal bitaUata i«o«» aoooad aad tbird* In tlitt 

apooioa mljf oao bifaloat with aa ara ratio 1»1«77 «ad taking 

tbo aoToatb positioa ia the ardor of loagth la tbo karyotrpot 

waa fovnd to organioo the nuoloolna toraiaally oa tbo abort 

ara* Kriaboaa and im (196$) bavo atttdiod tbo pashytoao obro* 

aaaMo aorpbology in thia apotioa and bavo ropntcd throo 

aaywsotrioal typo of biralenta i*o«f oeoood, third and ol|^t||« 

howof«f in tho proaeat atudy «tigbtb obroaoaoao waa aoro of a 

lodiaa typo with aa ara ratio of ltl«39, 

la tbt apooioa f.o^Xindrica tbo abort ebroaoaoao aoaaorod 

24*00 a aad tbo longoat ia 80*00 a* Ibo ovoraU langtb of tbo 

paobytooo biTOloota ia Wf*60 m* I t oonoitta of thrct aayaaotry 

typo of olaroaoaossa aaaoly tbirdt aixtb aad oloYonth. Ibo lltb 

paoH/toao bifaloat ia the aoat aayaaotrioal oao with aa ara 

ratio of 1>$* Xa tbio tpMioa aXao two paehytono bifal«tat 

fifth aad aUth appoar to bo ia aaaociatioo with tbo auolooliia* 
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Sh« aoBplMMt of l«||CiBA «»nsi*ts of four Myasotrioal 

obfoaosoaoo. ^m obortoot mmmwf 28*0 a ood tbo loogoot 

$9*2 • • HIO ovorall Xoofrth of tho pMhytont blT»loiit« i s 

496*00 M* Xbo aneXooltio «*• fo«od to bo •••odL«to4 vltb tM 

paot^toBo bimlooto nosoly I bad 2* 

Consldoria^ tbo auolooloa •rgaoioiag cteoaosooab la a l l 

tbo apooioof i t ia atidoat tbat oxoopt ia y>r^dlatiia tbo 

aaeXooIiao ia tbo otbor apeoiea ia aaaaoiatod vith tve paebj* 

toao bivaloato* I t ia oaly ia If.ga^ataa that only one paoby-

toBO bifaloat ia aaaooiatod vitb aucloelua* A oiffiilar obaor* 

vatloB baa boon rooordod by ^ ood Kriabnan (1967a} ia l>>aqngo» 

Xbo aaaooiation of auolooloa vitb two biralaa ta loada to tbiak 

ia a difforMt way about tbo boolo naabor af tbo gmm Vljma* 

I t ia goooraily aoooptod tbat tbe baaio nitatef of f^ana ia 11* 

If olovoa wof 0 to bo tbo baaio avaber tb̂ ea aaly ono paabytoao 

bifaloat abould bavo booo ia aasoeiatioo with tbo iracloolua* 

Btit ia tbo pfoaoat atady of tho fivo apoaioof ia four oat of 

fivo opooioa* tho nueloolaa waa fomid to bo ia aaoodatioa with 

two paebytoao bivalieto* ^ i a aitaatioo loada t» a aoooad thaaght 

about baoia aaabor aad boaoo a baaia auaber af 5 or 6 aoy bo 

tbott^t of for tbo goaua iLgsi* Thia ia purely a auggoatioui 

aad uatil oaougb data ia acauMilatod vith roapoat ta oytology 

af baploidot aad goootioa of ooftola qualitativo oharact«ra» 

to aubataatlatft tbia vlow poiat about tho baaio ehroooaoso 

auabor ao dofinato aooolaaioa ooa bo drown ̂ ^̂^ 30). 



f i g 0 2 i l^iagfua 9t oliiASMi fr«qu«Doy and distriboU»n 
At dHakliiMis io tbc tiw spMles. 
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&lCf«rtta««s AMBfst tint 14i«gr«i •€ tte f i f * sp«al«s U 

eea«14«raU.«« Xakiag lat« 9«ii«14«r«tlOB tli« f i r s t •hf«BOso»« 

of mil til* tif spMlva asd obstrTiog th* tarn ra t io i . y»»npifO« 

Y«y»4i»tu» Mid y>ayXlatoUm « • syaiMtvy In aatof • vl i i l * la 

y#yp«iioul>ta mni y*i—gin> I t i t Mt]ra»«try typ*. In iios« of th« 

•p«oi«8 «x««pt Z'BSSlSSkt this ohroaosoa* V M Mseci«t«a with 

BMlMlvs* 8«B« tread bold* good in eltf oaoaois* tvo hov«v«r» 

th* sMond •hroBOAom* ia y*9yUodrl0> and y.»«rip* is SjnM«1ti« 

eal mi. «sjMi«triMl i s otli«r thr«« spMlM* i^aartii aad f i f th 

•ltt«aosois«B ara ayaMtrioal ia a l l ttia f iva apaaiea* Ilia aixth 

ohroBoaoiM ia ayoBatrioal ia T^aaago aad f«gadiatBf bat 

aajraaatriaal ia tbe otii«ra. daYaath atafoaoaois* is ajraaatry 

ia a l l apaaiaa axaapt y.aariaa* Likavisst aichth, olotli «id 

taata ahrososoBts ara aaysaatricsl ia Y.aaaga aod ayae^&trioal 

in a l l tba athsr spaaies* Ilia abortaat ohroaoaoiaa af tlia aa»» 

plaa«nt ia astyaaatriaia in y«aAlindrioa and y^aarina aai 

ayns^trioal in tii« otli«r thr«« apaeiaa îLttejjî f̂c )̂. 

I*avitBlEy,(1931) davalapad tha tancapt af sivaatry aad 

aayaaatry te daaorlba tha karyatypa af a taxea* Syaaatry 

harya-typa ia eaa ia vhiah a l l tha ahroaoaonaa ara approxi« 

•ataljf af th« saat sisa and hav* aadiaa ar asbaadiaa aaatro* 

aara* Aayaastriaal karyatjrp* ! • that ahioh aaaaiata af ahra« 

•aaaasa with aadian.aahtaralaal ar tarainal aantraaara an" 

paaaaaa graat diffaranaa ia ralatira aisa af indiTidaal 

ahroaaaaaaa ia tha aaaplaoant* 
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SUbbiat (1998) Mq;>l0y«d the %•» tfttm^Uf ud Myan«tr/« 

Jdam94 OS tiM ««otro««ffi« potliioa lit foravlattd four grMpt* 

Hi* pr«porUeo of olirofBotoaos idth «ra ratio looo Vam 1/2 bo* 

log • iO.OO)» <0.01«0.9I)»(0«9l*0.99) MA ( I » 0 0 ) in groopo If 

2* ) «i4 4 ro«poiUvol^» Md Moording to tlio ir«ri«tioii botvooa 

tho shertoot ond loag«st ohroatoaoao la th« «ospl«aentt thro* 

groups wwo «iggoato(i» the ratio botvoen tlio Itogth of tho 

•liortoct and lesgeat ohroaeoovoo is tlw owpXoaoat boiegt loai 

Umn (lt2)t ( l i s to li4)« ond aor« Urns (l i4) la tl» gronpo 'a' , 

•b* and *o** wboB both tlio erltorla oro uaod tegotlMr (If 2, 

3f 4) X (a» bf c)» 12 grotfpo aro ebtalnodf tho group la» ro* 

proaoDts tho aost aya&BOtrloalf karyot̂ pOf whlXo groap 4o ro* 

prooMita tho aoat aayaattrloal karyat̂ rpo* 

Baaod 00 thlo v^laaolfloatioo i t ia orldtnt that all tha 

karyotypoa of tho f i ^ sp^ioc studlad fall ia *2B*« Siailar 

pattora of koryotypo i»«»» *2B* hat boas roportod 1»]r Shasta* 

liagappa (19«2) ia alaott all liq^aorghnaa. stobtina (1971) baa 

atatod for iSB»aorgh»»a that *2B* typo of karyotypo ia tho ond 

point ia ofolntion and that fnrthor otalatloa abOQld tako plaoo 

BOatly by goBlo aatationa* Tho aoao holds good for the goaaa 

Iho Tariation ia tho karyotypo of tho apooioa at paoiqr* 

toBO atroagly raggoat diffionlty in traaafor of gonatio aatarial 
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froB M« apv^iee to another» dM t§ pro^ltM in crMsiiif» «r 

after eroMlflg wed sattlng^ or aftor aood tottini;* problfli 

vitb f. boini; atorl lo . fbla has boM ahcwii by Daoa (1966a) 

IB a or oat botwooa l»MS£S. "^^ t'tB&kSSBiSL '^^ Co and KrlabnaB 

(1967b). i^ferta to prodfico oroaaoa botwoen y*Barlpa aad otbtr 

four apooioa ID tiiia laboratory ^7 tht aottor havo not boon 

aoeooaafol dao to <Uploatio atoriUtyy or abartioo of the 

sygoto* 

Attoapta at ladaolog oroaaoa botwooB f.i^gti log lata and 

f«BUpao and ala» f.radiatwa have not boon dono t i l l now* Croaaea 

vitb y.aarlna vaa uadortalcon aa tiiia wild apooiea baa roaia-

tanoo to aoptoria loaf apot and powdary Bildow dlaeaao» Batb 

of vbiofa ia abaoot in l^tsgsj^, j.yfilfttifi and i*3ilgglfiiM&* 

:»• 3oBa^o ohroBoaoaoa 

Seaatio ohroaoaoao noaber for aovoral apooito of yiana 

and yhaatolua hafo boon reportod by Sarpaohoako (1925)* 

Marfbhal (1969* 1970), baa reported a total ohronatla 

loagth of 39-20^ in l.]|a£ai£Qli|&» 51.44yi in y>radiatoa, 

31*57 in f.pinoflo and the rai^e of obroaoaoao length ia 

1.20-2.20 in V.qnCTiculata. 0.96*2.27 in ^.yadiatoa and 

1.17-2.27 in l.^mSJSSL' 

Sarbhoy (1^78) baa reported the total ohroaatiB loagth 

aa 34*40 B in Jr.aurooo witb tbe oborteat obroaoaoao aoaaoriag 
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1«40 B and th« iMgest mmmaiiag 2*6 it • la ]L»WBUt ^* total 

aiiroisaUn Imgtta Is >3.20ii» rangt toeing 1*20 » - 2.20 »• 

Sm and isiieval (I962;have reported ohroBoaone mrmber is 

y*»arloa for the fir at tiae aa 2a*229 aad the length of indi-> 

fidual ohroBoaoce rangea froa 1*6 ii to ^•f n* 

Roviov of litorattare to-^ate haa rofoalod ttiat there la 

no prior report of ohroooaoaio oitabor of the oi^ooiea y«oylindrloa 

Skoeia* So this ia the first report of ehroaoaoae atimber of thia 

apeeiea* %h» diploid ohroaoeoffio namlor for thia apeoiea ia 2e«22« 

the range in length ia between l«$0 ii aad 3*00 a. Total ohro* 

aatin length ia 49*0 Ji(T>ĉ .a<)). 

I t aay he aeeo firoa the ooneolidatoA idiograa of all the 

five apeoiea that the ehroaoaoao naaber of a l l the fl*^ apeoiea 

ia aaae. Ihe idio^aa of the five apeoiea i^eaenta wido 

diff erenoea with respeot to eharactera aoeh aa ara ratiOf stinher 

of aatollited ehroaoaoaoa md overall length of the ohroaatio 

aaterial. la y.aarina the ohrosatia aatorial ia aaxistne 

(56.20^i and ia leaat in y.n^nfio (97 .2^) . l?itrthor» if no 

oooeider the ayaaetr/ and aayaaetry type of ohroaoaoisea in eaoh 

of the apoeiea. i»tSMSL ^* * ^^i^ nuiiher of aaj^aotry ehro-

soaoaea (3 pairs} tfhile y»B|tarina haa one f«.(V0ak;. 



I'iC«53* Coaparlson of total ohroaatin iMgtIi at 
paaliytwM aad sottfttle B«t*phas« la tiM 
five speoits 
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aoaatdcriiif th« over all Ics^th of the ohrftiMtiii mttrial 

Aitd tb« Bnatotr of «sy»a«try 0hreiio«»K«s* y«f^in» h«s tht 

longest ehroaoaoa«« $6.20 ]i» followed Iqr /«oyUBdric«(4§*00 • ! 

i57«20 a) . flir«« «*^8tn«tri«*I eturoBasoses ««r» obsor̂ r̂ d la 

i*tttllffi two «Mh in i*SEI£2ll^yil& •od l*§3iMB!S3USM, 0B« «»«ii U 

I'iMl&taa md v^asJkSSi* '^^* •ii«g««t« ti»t t*UiAM i» t*» 
I»fiffiitifO S9tm vhilo y.waogp i« ovolfod* 

It «oar 1>« «l«o ebotrvod tkiat total eliresoaoBO longtb 

oiiovo a dooroaaing tfoad frea y.ojrlipdgioa (607.60 ») to 

(557*60 u) at paeh^tose and ttm t^WSMSL (56*20 • ) to t'WMSL 

(37*20 a) at aotapliase* Ihia aapoot eloarly tlireva U ^ t oa llio 

ofoltttioawy atataa of tte tif apooioa and ateova that y.oyUn-

drioa and X*Sfi£k&& 'vo tho wild roXatiroa wHilo y.aaaao la tbo 

aoat avolvad. Sueh a proeoaa liaa booa Aovn to ha TO playod a 

lolo la tbo OTOlatloa of otiier goaora aaeh aa Croi&lf (Boboook t 

and Caaoraa* 1954) aad Fh^ooliia (SarHhoy* 1978). 

13if foot that Idiegraaa of %h$ tif apoaloa differ* oon* 

aidorahljT aaongat thoaaolvoa Indioatoti that istorapooifio 

hyhfldiaaUoo vil l bo diffiottlt* ' 

Two ehroaoaoaoa la four apoaloa aaaoly f.^^anlottlalja. 

y.at̂ ngo. y.o3?lipdrioa md y.aî riBa art aaaooiatod with tho 

cuolooltis while in y.fa4iata oaly oao pair of ohroaoaoiso ia 
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iBTolfvd. fh« probable «ignlfi««iia« of tiM pr«ft*Me of twt 

pairs •£ aatt lUtt otaroaoao&Ms la alytadljr diaaus8«4 in irhe 

praTlcraa pac»a« 

Baaad on th« ^aaaot atii<3yt i t aaa ba aeaalcidaA that 

apaoiatioo in ^Ba^ i« aainly dna ta tha atruataral difta* 

renaea in otnranoacMBaa fallawad by aataral aalaatiao. fl»a 

raallooation of tha two ap«aiea F^wingo and Lawraoa froa tba 

ganua Fhaaooliia to Utmt^ baaad oa tba aorpholagioal abaraotara 

aay ba aubataotiatad to ooaa txtant bgr tba paohytane analysis • 

The paebytone ohroBoaoisoa ia tbtaa tva apoaioa ara also 

diffaraatiatad and tba aaalaoiLua ia argaaisad taraiaally. 

liowairarf aor« aytelogioal inloraation tbrou^ paohytane 

aaaXyaia ia the hybrida involYinc if,»oajff aad f>radiatiif 

with tha athar fisaa apaaita aad alaa Fhaaaaliia apaaiea 

ahouXd ba aaught bafora raaahing a definite oanoluaioa. 

^orphologi eai obaarfatiaaa alaae eanaot ba taken inta aon*-

aideration for taxonoaio oonai deration aa there nay be intra* 

genarie differeooea that aigbt have ariaea aa a raaait of 

gMio aotatiena during the proaeaa of avolatlon* 



SUMMARY 



fl* SUMMAHY 

A d*tall«d •tttdy of ••rphologloal fMttirM» partloularly 

of tli9«« ohar«ot«r« with aiatnostie valM» vtm vm6*tt»km i s 

flv« apaoies of ^o gonos ?!«» SAfl. irls*f ?»qpgqioqlaUt 

£*ESIS££» i ' f f f^f tm, I.ffjrl^adrlfyt and I-BSElSftr *»!• fiYt 

•pooioc oxhlbltod dlfforenoos with rocpoot to goralimt'^oni 

ptUolato D«t»rt of f irs t lomft atipttXo oactonoioo toolov point 

of attaehBmt to otoai oxtent of otirvotare of atylo and kotli 

proooQO« of opiMl appoDdago and pod dehiaemco* 

TlM anolyais of ehroaoaoisfi at paohytono m& lator stages 

of atoiosis IM^ eLene. in thoso sposios* Tbo ofafSBOseaos woro 

idontifiod m the basis of rslatifo longtlii eootrsaono posi­

tion; ara ratio; total ohrosatin loogtli; and proscooo of 

seoonclary constrictioo* Iho sliaractoristic foatcnros of oaok 

of the eleven ehroaosomes io the haplaid sesplffMSt i s dos-> 

oribed^ri detail vith greater «phasis on aiai larit ies and 

differences aaong the spesies studied* 

Zbe audi solas mm foand ts be associated vitb two pairs 

of ehroaoaoaes io ?.ttnguie»lata. f.aopito. y>eylipdrica and 

y.carina. while in y.radiatas only one biTal«ot «as found to 

b« in aasooiatioo vith the nneleolas. In a l l the five upesies 

studied nnoleolus vaa found to be attaohed to the short ara* 

}*airing of ohroaosoaes vas observed ts start ttm the 

proxiaal region and prooeed to the distal end and waa per* 

feetly normal in a l l the speeies studied. 
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Iot»I ehreaaUn length a t pftehyt«n« «M f oond to b« 

M fol low X*JiaMi2iî &l£ 04.40;§) i.SiS£0 997.60^i i-Zl^mni. 

401*07 Mi y.tfylln<inca 607«<Q|H r.—rina 496*00 •> 1)»« 

loagost paohirtono toif«leiitifM observed in T.oyllndrlo 

(80.00 • ; vbilo ohwtost vASia l^mmgs, (20*00 a ) . 

AnaljToio or ohlAoso at diakiaoslo in 50 oolla i s oooli 

of the opoeieo otudlod gAYo the foUeviog re«qlt« f.imgqletiUtf 

had the •axlBtw total ohiaaaata (607) while the leaat stiaber 

($>6) vaa ohserired in y.radlatna. Ihe oalavlatloa of ahiaa-

aata per hivaleot ahoved differeneea anong the fif* apeolea* 

Ihe valttoa were aa follovst T.opaoiculata l*84l f.awiaa 1*62} 

Y.eyXindrioa l-74l f.aarJBa 1*73. 

Total ehroaatin length at aitotio aetaphaae raaged froa 

$6*20 n la y.aarina to 38.20 a in y.anngo* Chroaosoao aaao* 

oiation with ottoleolaa at aitosia waa aiailar to that ahaorved 

ia Boioaia* 

fhe reaiflta of the detailed karyoaorphologl eal atndiea 

carried oat in the five apeeiea farther aubatantiatea the 

roalaaaificatton of Fhaaoolaa aango aad Z'SMSaSb «n^w tha 

geaua 7igna aa propoaed by Wilesak (1936) aad Hopper (1954}• 

togarding the phylogenio rolationahip * aoaparieon of 

ohroaatia length aad ayaaetry of ohroaoaeaea aaong the f i fe 

apoolea indioated that Y.aarina aa aoat priaitlve fora i^i la 

y*aitnito and y.qniwioqlatf are the highly etolved forsta* 
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arlaa î arb. S^ap. aaant. BiaX*. ^ 1 563-3771 

Stabblnat G.L.t X97Xt Ubr oaeooaaX OToX t̂ioa in hli^cr plaota. 
£d«ard AraoXd Ltd., London., p.49-67• 

SvisiBathan, K.S., Kagoon, K.I*. and Kohra, K.L., X954, A 
alapXo prapiaoo-tMraiao P.M.C. maar aethod for 
alanta vita oaalX ohroatooaa«a. Indian J.Gopct.X'r BrccoL., 
J^i87-88. 



8il 

»I4io« ii.H. *n4 tevADf A., X9^t %• »•• 0^ oxygalaeUBc la 

21-64 • 

•loarotuTt H.t 1.998f 'I** Mib«fi%i}« at I* wagngp nt soot ^ s d«» 
*Ph>—oXmK*t (Aaberiqtt* wd Hwag* « • aot Ph>»»olo»). 
fili fVKtalo, £1131-48. 

IsoiMohowf w* and itartasohotmr li«t 1^32» Karyolog aeh ayata* 
aatlaoha ondtr Sclningar 4ar tribtia I«ot«wia aa4 
rhaaaalaaa ^Mterfam. fantUaaataf« Cytalefrta, 1i 
221-259• 

luroaf» B.L«i 19$6t Chf«oao«a aaakai la the LagualBoaaae. 

VankatesvaralOy T.> 1962, Saae aapaata of ^ a atndy af 
paahyt«nt ohraDoaaowa* ^jyi IndiaiB ^c^* Sanay»« 
1-20* 

Vardaaurtf B.» 1970, Stii4taa l a Lafaaiaoaaa-Paplliaiioidaaa for 
tba 'IXora of llraplaal £aat AUlaa*. 1X1 Kty Ball 
£i» 507-569. 

•Vwrdaottft, B., 1:̂ 71, f^oyf j^fL. £ . Alflft^ lM«» i» f i ^ l - t 
£t 618. 

•Valptra, 1842, Hai>» Byt̂ . Stfl** 1*779« 

Vaatptaal, &., 1974* Palaea la ^tblapia, their taatoaoay aod 
agrieultural aigalflcaaea. iiailt Sallaaaia 1 'lai-
Yaraity £thiapla and tbt A^latiliiltural ^TaWoralty 
Vacaalngan, the KttharXaad p. 129-225* 

*iiriloaak, C., 1954, JOSIS, S& tffftfff Mft i £ l ^ MSB^ JSSSSiM* 
j^i Braxalla. 

• Original aat aaan 



L It'll i • > • U I P W I I — .IIIULM 

U. A. i :...\\aZA'L.iJH'£. 
UN;V£RSliY LiSPtARY 

ACC. NoriM-Q-'^-A.. 
CL. NO. . -


