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1 Introduction

Vigna belonging to the family Leguminoseae 1s a large genus comprising of seven
sub genera and over 150 species (Verdcourt 1970 Marechal and Bandoin 1978) The seven
sub genera m the genus Vigna namely Ceratotropis Haydona Lasiopron Macrorhyncha
Plectotropts Sigmoidotropis and Vigna were recognized by Marechal and Baudom (1978)
Of these two sub genera Vigna and Ceratotrop s contain most of the important cultivated
species The sub genus Vigna mcludes Vigna ungiic lata (cowpea) and Vsubterranea
(bambara groundnut) However most of the Asian Vigna species come under the sub genus
Ceratotrop s and half of them are either domesticated or cultrvated (Verdcourt 1970
Marechal and Baudon 1978) The cultivated species under the sub genus Ceratotropis
mclude Vigna radiata (mung bean or green gram) ¥ m igo (urd bean or black gran) ¥
1 n bellata (r ce bean) ¥ acomt folia (moth bean) and V¢ lobata Out of the 21 species of
Asan Vigna 1516 are found in Ind a (Tomooka et al 2003) The occurrence and
taxonomical 1dent fcat on of these spec es are still confusing and a comprehens ve 1 st of
spec es occurt ng n Ind a has not been reported so far The closely related wild species
possess many useful genes which could be transferred to the cultivated species This s
poss ble only when our knowledge about the relationsh ps of these species s well

unde stood Th s can be ach eved only when the spec es 1dent ty 1s correct

Genetic d versity 1s normally assessed by common morphological traits However
such morpholog cal tra ts are affected by env ronmental factors developmen al stage of the
plant ype of plant ma enal etc Th s necess ta es a h ghly rel able and prec se method for

assessnen of gene c varab Ity el na ro ¢ al eftec s Assessnent of genet ¢



diversity with biochemical markers such as sozymes or molecular markers overcomes this
problem The use of molecular markers allows the direct assessment of genotypic variation
at the DNA level Molecular markers have brought about phenomenal changes 1n the area of
plant biotechnology by their ability to produce umque DNA profiles 1n various crops The
genes controlling several traits of agronomic importance have been mapped and tagged

These markers assist in breeding programs and even 1n 1solation of the gene of interest

Marker analysis also helps to analyze the global organization of genetic diversity within a

species

The present study entitled Characterisation and systematic evaluation of genet ¢
resources of the genus Vigna was taken up 1n this background with the following objectives
1 characterize the available accessions of Vigna germplasm at National Bureau
of Plant Genetc Resources (NBPGR) Regional Station Vellan kkara
Thrissur us ng morphological markers
confirm the results using b ochem cal and molecular markers n dist net
vanants n d fferent species

m  prepare a key for the 1dentificat on of ¥ gna spec es






2 Review of Literature

21 Taxonomy of Vigna

Savi named the genus Vigna 1n 1824 after the professor of Botany at Pusa University
Domenico Vigna (Bandotn and Marechal 1988)

Verdcourt (1970) separated the genus Vigna from Phaseolus and restricted the latter
one to those Amencan species with a tightly coiled style and pollen grams which lacked wide
reticulation He also subd vided the genus into 8 sub genera and 9 sections

Verdcourt (1978) transferred the genus Yoandzera to Vigna on the grounds that 1t was

nseparable from Vigna based on morphological characters

Marechal and Baudoin (1978) studied 177 taxa n Vigna Phaseolus complex and
seve al smaller related genera us ng 161 morphological cytological floral and pollen
characters and desciibed the useful discrimimating characters between the genus ¥ gna and
the genus Phaseoli s They observed that the genus ¥ gna can be 1dentified by the characters
such as attachn ent of st pules to the stem either by 1its basal or central part contracted

nflorescence rachis style prolonged beyond the stigma triporate pollen and large
ret culat ons of the pollen ex ne w th granular infratectum They also reported that the genus
Vgn seemed relatively heterogeneous and contained 82 species d stnbuted among seven
sub genera nanely V gna Haydor a Plectotrop s Ce ato rop s Las opron Sign o dotrop s
and Macrorhyncfa All he seven sub genera except Las op o and Macrorhyncha are
dvded nto sectons The sub genus Ceratot op s could be dvided nto 3 sections
A g la es Acont fol ae and Ce atot op s s b genus Haydon a nto 3 sect ons Glossostyl s

Haydo a a d M c o pe sub senus Plecto ops nto 2 sections Plectot op s and



Psuedolibrechtsia sub genus Sigmoidotropis mto 5 sections Caracallae Condylostylis
Leptospron Pedunculares and Sigmoidotroprs and sub genus Vigna into Catiang Comosae
Liebrechtsia Macrodontae Reticulatae and Vigna

Pasquet (2001) concluded that the genus Vigna included approximately 80 species
which were found throughout the tropics
22  Dastribution of Vigna species

Marechal and Baudo n (1978) after class fying the genus Vigr @ nto seven sub
genera also proposed the mam area of distribution of each sub genus Accordingly the sub
genera Vigna Haydoma Plectotropis and Macrorhynct a are d stnbuted mn Africa the sub
genera Lastopror and Sigmordotropis in Amenica and the sub genus Ce af f ops n Asia
The sub genus Ce afot op s alone had ts ce t e of d vers ty in Asia and he1 ce called As an
¥V g a They also reported three d st 1ct groups of cult vated ¥ g a spec es t vo of which are
of Af can ong n and the third As at ¢ The Afi can groups each conta ned a s 1 g e spec es
covpea (Wga g ¢ lat) assgned o le subgenus Vg a axd secto Cara g a d
bamba a g oundnut (Vs be a ea)tothesub je usardsectorf g Tle Asiat ¢ groups
were ass gned o the sub genus Cc¢  of op s by them and the cultivated species included
V' adiata (mung bean or green gram) ¥ n1 go (urd bean or blackgram) V 1 bellata (nce
bean) ¥ acon t folta (moth bean) and V't tlobata

Engler (2001) histed 17 cult vated species n the genus Vigna along with the r place
of orign as g ven n Table |

Tonooka ¢t 7 (?003) proposed a evsed Istofcutvaed and Id axa ol Asalc
ig belo, gto3sec onsdst bued n AsaPcfc egon Tle Ist s jresented

Tatle?



Table 1 Cultivated species n the genus Vigna

Sl No Botanical name Common name Place of onigin
1 Vigna aco utifola Moth bean South Asia
2 V adenantha Pan tropical Native to America
3 V angularis Adzuki bean East Asia
4 V antillama Caribbean
5 V caracalla Sna | flower South and Central America
6 V hosei Sarawak bean South and South East Asia east
Afnca
7 V luteola Dalymple vigna South America
8 Vnarna Dune bean Pan tropical Native of America
9 V mi ngo Urd bean black gram | South Asia
10 V radiata Mung bean green South Asia
gram
11 V reflexo pilosa Creole bean South East Asia
va glab a
12 Vs bterra ea Bambara groundnut Sub saharan Africa
13 Vtr lobata Jungli bean South Asia
14 Vt neva Tooapee South and South East Asia
15 Vi bellata Rice bean South East Asia
16 V ng c lata Cowpea South and South East Asia and
Afnca
17 V exillata Zombi pea Pan tropical and Native to Africa




Table 2 Rewvised list of taxa of Asiatic ¥1gna occurning n Asia Pacific region

Section

Species

Distribution

Angt lares

V angt lar s var angi laris

V angi lar s var n pponens s

Vdalzell a a

Vexls

V b rtella

Vmnma

V nakash mae

V nepalens s

V reflexo p losa var glabra

V reflexo p losa var reflexo p losa
Vrukt enss

Viten ca ls

V tr nerv a var tr nerv a

Vitr nevavar bo rneae
¥V mbelia a (Cult vated)
V mbella a (W 1d)

Japan Korea Chna Bhutan Nepal V etnam
Japan Korea China Bhutan Nepal India
(Himalayas)

Ind a Snlanka

Thailand

North Ind a South East As a

South East As a New Gu nea

North China Korea Japan

Bhutan East Nepal North East Asia

Ind a Maurnit us Phil pp nes

Japan (Ryukyu) Chimna South East As a New Gu nea
Japan Ch na

Tha land Myanmar

Madagascar South Ind a Srilanka Myanmar
Tha land Malays a Indones a New Gu nea
SouhInda

Sub rop cal and warm temperate As a

North East Ind a Myanmar Tha land Indo Ch na

Ce atotrop s

Vgandfloa

Vm ngova m ngo
Vm ngo var sylvesr s
V ad ata var rad ata

Vrad ata var s bloba a

Tha land Cambod a
South As a

Ind 2 Myanmar Tha land
Asa Afncaand Aus ala

Asa Africaand Ausral a

Vs braman ana Inda
Acon tfol ae | Vacon t fol a South As a

Va dcola Snlanka

V khandale s s Ind a

Vs p laceae

V lobaa

Inda Snla ka Indones a Ne v Gu nea

South Ind a Srilanka




The Asta Pacific region 1s represented not only by the taxa of Vigna belonging to sub
genus Ceratotropis but also by several species from other sub genera of the genus Vigna
(Tomooka et al 2003) which are presented in Table 3 below

Table 3 Figna species belonging to sub genera other than Ceratotropts
occurring n Asta Pacific region

Sub genus Species

Sigmoidotropis V adenantha

Macrori yncha V grahamiana

Plectotropis V vexillata

Vigna V ingi1cilata
¥ pilosa

V hoser

Vi teola
Vlaiceolata
Vna na

V pa ker

Arora (1985) eported the dstributo al ange of Vga speces n 4
phytogeograph cal zores n Inda amely Weste1 Ghats Easten Ghats North Eastern
regon 1nd the Westen H malayas The spec es under gews ¥ g a occup ed over 16
diffe ent vegeta on ypes largely b ot ¢/b oedaph ¢ status He also epo-ted that As atc
I g a species const tuted a economn cally 1porta t group of cult vated and v 1d spec es
vthrichdvesty nInda The 14specesof ¥g axdter Id forms belongm, to 4 sub
gene aofttegenus/ g lsedbyAtoraasoccurr iy nl daaepesened Table4

Subsequen ly Babu /7 (1985)1sed?31 g sjecesfoud Tda clud gte



5 spectes whch had ther onign wn other ountries They were Vvexllata Vnarmna
Viteola Vg alamana Vclarker Vpilosa Vungt culata Vdalzelhana Vkhaidale s s
Vacor {foha Vunbellata Vi lobata Viar aia Vbo eae Vglabresceis Viadata
V n ngo Vs blobata Vadena t}a V hoser Vriccardiana V pramn ar a and V angt laris

Table 4 Vigna species and their wild forms occurning in Ind a

Spec es W Id form

Sub genus Ce atot op s

Vigwa go V 1 govarsybest is

V ad ara V rad ata var s1 blob ta and V' ad ata var
setr los

Vin bellata V nbellatavarg acls

Vaglas No w Id torm

V co fol W 1d form s m lar to cult vated type

Vi lob t W Id form s m lar to cult vated type

Vil ella a Only w Id types occur much akin to
I u bclla awild types

Vea ls Oily v 1d types occur much akin o
v la go complex

Sub genus Plec ot op s

Ve pes O ly v ld types presen

Sub genus M c oy ¢

Vgal s Only v Id ypes presea

Sub genus J g a

Vplosa Only v 1d ypes present

I a Only Id types presen

I g fa No v 11 ypesoc I da

I ool Only v11 ypes} ese




23  Morphological and Palyanological characterisation of Vigna species

The Asan V' g a are considered to be a norphologically homogeneous group having
specialized and complex floral organs and recently evolved (Bandom and Marechal 1988)

Tatessh and Ohashi (1990) summanized the key morpholog cal characters recogmzed
for the sub genus Cerafot opis such as peltate stipule keel petals curved to the left mn the
upper part presence of pocket on the left keel petal style extending beyond the stigma as a
beak and pollen gra ns w th coarse ret culate sculpturt g

Tateish (1996) demonstrated three groups vz 15 la s bellata (azuki bean
group) ad atan go (mung bean group) and acor i fol a tr lobata (moth bean group) m
Asian V' g a based on the pos t on of cotyledons dur ng germ nat on as well as the pet olate
or sess le natu e of first and second leaves The leaves were reported to be sessile n Fm  go
and ¥ dat and petolate 1 ¥ leflat axd V co (fo!f Smla results we ¢ also
reported by several other vorkers (Jaasha and Jaaska 1990 Kaga et al 1996 Tomooka ¢/ af
1996 Konarev et al 2007)

Study dvestyof o7hologcalcharactes 14 wld Vg a speces from Ind a
by Bslt er 7 (2005) revealed le presence of 3 d st ngu shable groups n the sub genus
Ccaotops All the speces n n go ad t goup except Vila [/le s namely
Vv d vars blob ta } d ta varse loa V go varsyl ¢ ¢ s and V7
sho vel greater homnolo,y vegeta ve mo pholo,y and growth habt They love er
d ffered n flove poda dseed characters Wth species vaiaton was h gher n Fn  go
va [/ popuaton anl three d stnct clusers could be dent{ed o1 mul vanae

a alyss



Palynological attributes of plants have attracted many researchers in recent time
Nyananyo (1990) Edeoga et a! (1996 1998) and Edeoga and Gonuna (2001) have utihzed
pollen attributes to establish relationships among certain groups of flowenng plants
Accord ng to them the mamn characters of taxonomic value 1 pollen were the number and
position of furrows morphology of poilen wall symmetry shape and size of pollen gramns

Mbagwu and Edeoga (2006) conducted palynological studies in eight Vigna species

of Nigerta Results of the invest gation revealed that the pollen grains were circular and
psilate in Vigna retict lata circular and echinate m ¥ raceriosa and Vunge iculata elliptic
and monocolpate m Vambaceisis and Vvexillata circular and polycolpate mn V
subterra tean and circular and dicolpate i ¥ sriloba and ¥V gracils Hence the species
could be 1dentif ed based on the type and shape of pollen grams The specific teatures of
pollen grains 11 these taxa could be evolutionary modif cations often inherited to determine
the mode of pollinat on and thereby perpetuate a part cular group of plants 1n a given
env ronment

The wild elat ves of ctop plans ae sources of mportant genes for ag culture
Bruchid beetles such as Callosob chus ch 1e sis (azuki bean weevl) and Cmactlu s
(cowpea weev l) cause ser ous damage to several leguminous crops mcluding cult vated
Vig1 species such as cowpea mung bean urd bean and rice bean dunng storage (S ngh
¢t al 1985 Fernandez and Talekar 1990)

Lamb 1des a1d Im e (2000) scieened 26 accessions of mung bean for resistance to 4
bucl d spec es O1 the bas s of il e percentage of da 1aged seeds all the accessio1s were
found o be h ghly suscept ble ostra sof C loob ¢/ s c¢ltsaxdCec ¢ s Three

accessonsof | af a  blol st elressa e

10



Tomooka et al (2003) evaluated germplasm collection representing 76% of known
taxa 1n the genus Vigna for resistance to bruchid beetles Seven taxa consisting of 24
accessions were found to be resistant to C maculatus No resistance was found m accessions
of mung bean whereas complete resistance was seen 1n ¥ umbellata
24 Biochemcal characterisation

Isozymes form an effective marker system that can clanfy taxonomic and
phylogenetic relationships among plant species (Mowrey and Werner 1990 Jaaska 1994)
Isozyme data have been used i the genus Vigna for taxonomical studies Jaaska and Jaaska
(1988) used the enzymes glutamate oxaloacetate transamimnase (GOT) and superoxide
dismutase (SOD) to assess the vanations 1n the species belonging to Vigna and Phaseolus

Panella and Gepts (1992) camed out 1sozyme analysis tn Vigna unguculata to
determine the extent of genetic relationships and genetic diversity between cultivated and
wild cowpea Thurty four cultivated as well as 56 wild accessions of cowpea and 6 accessions
of five related Vigna species were analysed Ten enzyme systems were polymorphic within
cowpea About 14 of 24 putat ve loc1 (85%) were polymorphic 1n wild V' iguict lata but
only one (4%) was polymorphic n cultivated cowpea In the five related Vigna species 21
out of 24 bands showed 88 percent polymorphism

The evolutionary relationships between cultivated and wild species of Asiatic Vigna
were mnvestigated using 1sozyme vanation pattern of peroxidase catalase and seed protein
polymorphism by Sehgal and Chandel (1992) V radrata and ¥V mungo were found to be two
distinct species which had independently evolved from wild progen tors V radiata
var st blobata 'nd V n go var syl est is respect vely They showed remarkable s milart es

n 1sozyme profiles part cularly n tl e number and pos t on of bands as well as Rf values The

11



wild putative forms of ¥V imbellata V aconit foha and ¥ trilobata occurning mn natural
habatats also appeared to be quite distinct with fewer bands

Sonnante et al (1996) assessed the relationsh ps within and among Vigna
1 nguiculata V vevillata and seven species belonging to the section ¥Vigna us ng mine 1sozyme
systems and suggested a very low genetic d stance between ¥ luteola and V marina

Sonnante et al (1997) studied 19 accessions of Vigna liteola 5 of ¥V marina subsp
oblo 1ga and 4 of ¥ mar na subsp » arma using 1sozymes to obta n an mnsight into the genetic
relationships w thin and among these taxonomic entities Seven out of 13 1sozyme loc1 were
found to be polymorphic Both species showed very low genetic d versity indices

Selvi et al (2003) stud ed the genetic vanation among 52 accessions of Vigna
spec es that included 15 accessions of ¥ ngtic data 15 of ¥V mingo 19 of ¥ radiata and one
each of wild species Vaco 1 tifol a V tr lobata and V rad ata var st blobata belong ng to the
sub genera Ceratotropts and Vigna usmng morphological characters and five 1sozyme
markers The clusters obtained based on morpholog cal characters and 1sozyme markers were
compated The clustering based on morpholog cal tra ts grouped the var ous sub genera of
Vig a nto a sngle cluster but faled to reflect the real genetic relationsh ps among the
d fferent spec es The clustering based on 1sozyme vanations (superox de dismutase
aspartate am notransferase isocitrate dehydrogelase peroxidase and alpha esterase)
however revealed the true taxonom c relationships by group ng Ceratofropts and Vigra
species 1nto two distinct clusters This indicated that vanat ons 1 1sozymes can be exploited
to understand the extent of the genct ¢ d versity and relationsh ps among the access ons of

Vga

12



25 Molecular characterisation

DNA markers because of the r heritable nature were found to act as versatile tools n
the fields hke taxonomy physology embryology genetic engmeenng etc Major
apphications of these DNA markers m the field of genetics and plant breeding are in (1)
diversity analysis and phylogenetic studies (1) mapping genes and (1n) marker assisted
selection (MAS) provide an opportumty to charactenize genotypes and to measure genetic
relationships more precisely than other markers (Soller and Beckmann 1983) Among the
DNA markers RFLP was the first and still the most commonly used marker for the
estimation of genetic diversity of eukaryotic spec es The recently developed PCR based
multiple loct marker technique whch includes random amplified polymorphic DNA
(RAPD) amplifed fragment length polymorph sm (AFLP) inter simple sequence repeat
(ISSR) and more recently s mple sequence repeat (SSR) or microsatellites (Gupta and
Varshney 2000) are play ng increasingly important roles 1n this type of research Multiloc
system | ke RAPD AFLP ISSR markers because of their whole genome coverage are
cons dered good for genet ¢ d versity and phylogenetic analysis

AFLP techn que was used for detecting wntra specific differences among and v thin
V ga species (Yee et al 1999 Yoon er al 2000 Zong et al 2003) Aj bade et al (2000)
stud ed the ut ity of ISSR n distinguish ng taxa w thn genus ¥ gna They were able to
clearly differentiate sub generic divis ons w thin ¥ gr @ using ISSR markers

Tomooka ef al (2001) stud ed the cult vated w ld weedy and complex populat ons
of Vg aa g la 1s nJapan using AFLP and RAPD analyses and revealed a clinal var ation

th s spec es The genet ¢ d vers ty at the DNA level decreased from the v Id to weedy to

ult a ed populations



Do et al (2002) used 863 polymorphic fragments obtained from AFLP analys s to
determine the genetic diversity in different species of sub genus Ceratotropis The
phylogenetic tree obtamed revealed three groups of pecies that corresponded to the three
sections 1n Ceratotropts Among the three sections Vigr a #rinervia had a central position and
can be cons dered as a useful species to facil tate gene transfer among sections of the sub
genus Ceratotropis All the species 1n section Aconttifoliae and section Ceratotropis were
found to be genetically distant from each othet However those of Angi lares were observed
to be closely related having only lower genetic d stance than other sections ¥V m ngo and
V rad ata were h ghly diverged represent ng two distinct phylogenetic lineages

Nine wild taxa from genus Vgna sub genus Cerafotropis were studied by
Saravanakumar ef al (2004) us ng AFLP and RAPD analysis The results supported the
taxonom c revis on of Vigna rad ata var.s blobata and V tr1 ervia into two distinct species
The new cons deration of ¥ bor 1eae as a vanety of V t&r erv a was also supported

Souframanien and Gopalakrishnan (2004) suggested that ISSR markers were more
eff cient than the RAPD assay as they detected 57 4 percent polymorphic DNA markers m
¥V 1 ngo as compared to RAPD which detected only 42 7 percent polymorph sm

Chattopadhyay et a/ (2005) also stud ed d versity in ¥ rad ata genotypes using ISSR
markers They suggested that even though the polymorphism among the varieties was
moderate t was high (83%) when the whole germplasm was considered and ISSR markers
were more effic ent than RAPD

Seehalak et al (2006) stud ed the gene c divers ty n ¥ g a germplasm of Thailand
us ng AFLP markers and clar [ed the nter and ntra spec f¢ d vers ty and relationships

ano . hespeces The results < ggested thatcul aed ¥V belleaand ¥V'n go evolved

14



from wild relatives 1n a single domestication event Vigna umbellata was observed to be
poorly differentiated from its wild and weedy relatives compared to ¥ mt ngo

Wang ef al (2008) were of its view that the phylogenetic relationships in the USDA
Vigna germplasm collection were somewhat unclear and their genetic diversity had not been
measured empirically To reveal the inter specific phylogenetic relationships and to assess
their genetic diversity 48 access ons representing 12 Vigna species were selected and 30
gene denved markers from legumes were employed Two d fferent dendrograms were
generated from DNA fragment and Sequence data respectively The results from these two
dendrograms supported each other and showed similar phylogenetic relationsh ps among the
Vigna species nvestigated The accessions clustered into four major groups and 13
subgroups Each subgroup represented a sub genus or a species Based on the results they
suggested that more attent on should be paid to sub species wild forms and/or botanical
varieties 1n order to expand the genetic diversity of Vig a germplasm in the USDA
collect ons

Ruchi et al (?009) used RAPD markers to study sub structure and gene ¢
d fferent at on among 31 populations belonging to 14 Asiatc ¥ gna speces Molecular
phylogenet c relationshups among the spec es of radiata mungo complex namely black gram
(V1 1 1go) green gram (V' ad ata) V rad ata var st blobata V rad ata var sett losa V mirgo
var sylvestris and V haimana were stud ed by cluster analysis Two d st nct groups were
recognized w thin the complex with populat on samples of ¥'}a 1a:a forming one cluster

Furtter V/a 1a1a appeared to be equ distant from both ¥V adataand ¥V go

15






3 Materials and Methods

The present mvestigation which includes the following three experiments were
conducted 1n the Department of Plant Breeding and Genetics College of Horticulture Kerala
Agnicultural Umversity Vellarukkara and the National Bureau of Plant Genetic Resources
(NBPGR) Regional Station Thrssur duning the period 2005 2008

1 Morphological characterisation

2 Biochem cal characterisation and

3 Molecular charactensation

Morphological characterisation

The one hundred and fifty accessions of Vigna including the cultivated species
ma nta ned at the Nat onal Bureau of Plant Genet ¢ Resources Regional Station Thrnissur

were selected for the study The details of each accession are presented 1n Table 5

These access ons vere ra sed at NBPGR 1n completely randomized design (CRD)
with two repl cat ons during &/ @ 2006 as pot culture The plants were thinned to three/pot

on 10" day after sow ng Recommended agronomic practices were followed

Observations on 48 qualitat ve and 24 quantitat ve characters were made at various
phenophases of the crop from all the selected accessions The descriptor 1 st developed at
NBPGR was used for recording the observat ons The descriptor and the descriptor states are
presented n Table 6 Based on the qualitat ve characters the 150 accessions were grouped

into different taxa

16



Table 5 Accessions under the taxa ¥igna used for study

Code for

Sl No taxa Accession IC Number | Source of collection
1 \4 New Vigna species 277045 [Maharashtra
2 Va Vigna acon tifola 417347 [Tam 1Nadu
3 Vdl |Vigna dalzellia a 247408 |Kerala
4 Vd2 |Vigna dalzelliana 203864 |[Kerala
5 Vd3  [Vigna dalzelllana 210555 |Kerala
6 Vd4 | Vigna dalzelliana 210556 {Kerala
7 vd5 |Vigna dalzelhana 210559 [Kerala
8 Vdé |Vigna daizell ana 210579 [Kerzala
9 vd7? |WMgradalzella a 248168 |[Karnataka
10 Vd8 |Vig adalzellia a 248195 |Kamataka
11 Vd9 |Vigna dalzella a 248261 (Goa
12 VdI10 |V gna dalzell ana 248346 |Maharashtra
13 Vdil [Vigna dalzella a 336206 |Kerala
14 Vdl2 |V gna dalzell ana 253961 |[Kerala
15 Vd13 |Vigna dalzell a a 253913  [Rajasthan
16 Vdl4 |V g adalzella a 253911 [Rajasthan
17 Vdl5 |V gnadalzella a 277025 [Maharashtra
18 Vdlé6 (Vg adalzelhaia 277060 [Goa
19 Vd17 |V gnadalzella a 539795 |Karnataka
20 Vd18 |V g adalzelh na 539796 |Karnataka
21 Vd19 |Vigia dalzell a1a 539806 [Kerala
22 Vd20 (Vg adalzella a 550577 |Kerala
23 Vd2l |V g a lalzellaia 541388 |A & NIslands
24 Vg V gna glabresce s 251372 |Madhya Pradesh
25 Vhl [Vgnala aa 251376 |Madhya Pradesh
26 Vh2 [(Vgala aa 251378 |Madhya Pradesh
27 Vhd3 Wgnalana a 251381 |Madhya Pradesh
28 Vhd |Vgnalana a 349905 |[Kerala
29 Vh5 [Vgrala aa 276985 |Madhya Pradesh
30 Vh6 |V gialtawn ana 276999 [Maharashtra
31 Vh? |Vegnalat ia a 277007 |Mal arashtra
32 Vh8 |Vgala aa 331438 |Onssa
33 VI9 Vg ala aa 331448 |Or ssa
34 Vh10 (Vg ala aa 331460 {Chhatt sgarh
35 Vk Vg aklla dale s s 406504 |Maharashtra
36 Vma |l ga «a 539828 |A & N Islands
7 Vmul | ¢ °0 £0 3144] |Onssa
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S1 No Cot::afor Access on IC Number | Source of collection
38 Vmu2 [Vigna mingo var m: ngo 331447 |Onssa
39 Vmsl [Vig ami 1go var sylvestris 248294  |Goa
40 Vms2 |Vig ar 1 ngo var sylvestris 248326 |Maharashtra
41 Vms3  |Vigna mingo var sylvestris 248331 |Maharashtra
42 Vms4 |Vigna »n ungo var sylvesiris 248343 |Maharashtra
43 Vms5 |Vigna m ingo var sylvestris 256135 |Kerala
44 Vms6 |Vigna mungo var sylvestris 253907 |Rajasthan
45 Vms7 |Vigna mungo var sylvestris 277014 |Maharashtra
46 Vms8 |V gna mingo var sylvestris 277021 [Maharashtra
47 Vms9 |Vigna mungo var sylvestris 277026 |Maharashtra
48 Vmsl0 |Vigna m ngo var sylvestris 277031 [Maharashtra
49 Vmsll [Vigna m ingo var sylvestris 277036  [Maharashtra
50 Vmsl2 |Vignam ngo var sylvestr s 277039  [Maharashtra
51 Vmsl3 |Vigna 1 u ngo var sylvestr s 277041 |Maharashtra
52 Vmsl4 [V g aningo varsylvest s 277044 |Mabharashtra
53 Vmsl5 (Vig ami go var sylvestris 277053 |Maharashtra
54 Vmsl6 [Vigna mi ngo var sylvestr s 277055 |Maharashtra
55 Vmsl7 |Vg an  go varsylves s 277057 |Maharashtra
56 Vmsl8 [Vignam ngo var sylvestris 277061 |Goa
57 Vmsl9 (Vigna  ngo varsyl estrs 277084 |Maharashtra
58 Vms20 (Vg a  1go varsylvestrs 539798  [Karnataka
59 Vms2l [V gnan ngo varsylvestrs 539800 [Karnataka
60 Vms22 |Vignamy go varsylvesir s 539801 [Karnataka
61 Vp |l g aplosa 541389 |A & N Islands
62 Vrl |V gna adata var _ad ata 251412  [West Bengal
63 Vi2 Vg a adata var ad ata 251413 [West Bengal
64 Vi3  |\Vig a ad ata var ad ata 251414 |West Bengal
65 Vrd |V gna adata var alata 251422 |West Bengal
66 Vr5 |V g aradata var rad ata 251424  |West Bengal
67 V6 |V gna adata varrad ata 251426 |West Bengal
68 Vr7 |V gna ad ata var ra hata 349699 [Kerala
69 Vrsl |V gna radiata vars blobata 202538 |Kerala
70 Vrs2 |V gna rad ata vars blobata 202580 {Tamil Nadu
71 Vrs3 |l g a adata vars blobata 202643 |Kerala
72 Vis4 |Vgna ad ta vars blobaa 247406  [Kerala
73 Vrs5 |V g a adata vars blobata 210554 |Kerala
74 Vrsé |l g a ad ata vars blob ta 251418 |Maharashtra
75 Vrs? |V g a adata vars bloba a 781164 |Kerala
76 Vis8 |l ga al a 1 s bloba 281165 |Kerala
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S1 No Cot;izafor Accession IC Number | Source of collection
77 Vrs9 |Vigna radiata var sublobata 324496 |Kerala
78 Vrsl0 |Vigna radiata var sublobata 322306 |Kerala
79 Vrisll |Vigna radiata vars blobata 351407 {Taml Nadu
80 Vrs12 |Vigna radata var sublobata 331457 |Chhattisgarh
81 Vrisl3 [Vigna radiata var st blobata 539805 |Kerala
82 Vrsl4 |Vigna radiata var sublobata 550576 |Kerala
83 Vrisl5 |Vigna radiata var sublobata 248344A [Maharashtra
84 Vsel |Vigna radiata var set dosa 251419  |Maharashtra
85 Vse2 |Vigna radiata var set losa 251420 |Madhya Pradesh
86 Vse3 |Vigna radiata var setulosa 251421 |Madhya Pradesh
87 Vse4 |Vigna rad ata var set dosa 251423  |Gujarat
88 VseS |Vignarad ata var set losa 351404 |Kerala
89 Vse6 |V gna radhata var set losa 277058 |Goa
90 Vstl |V gna stipi lacea 202559  |Taml Nadu
91 Vst2 |V gna st p1lacea 256259 |Kerala
92 Vst3  |Vigna st pi lacea 324552 |Tamul Nadu
93 Vsbl |Vigia st brama uana 253920 |Rajasthan
94 Vsb2 |Vgasiba a aa 253926 |Rajasthan
95 Vsb3 |V gnas brara wana 253930 |Rajasthan
96 Vil Vg at tlobata 251435 |Guarat
97 V2  |Vgnat lobata 251436 |West Bengal
08 Vi3 |V gnat tlobata 251438  |Tamul nadu
99 Vid V gia t tlobata 349701  |Tam ] Nadu
100 Vit5 Vg at lobata 276983 [Madhya Pradesh
101 V6 Vg at lobata 351406 |Tam | Nadu
102 V7 Vig at lobata 331436 |Onssa
103 Vi8 |Fg at lobata 331437 [Orssa
104 Vt9 |V gna tr lobata 331453 |Chhatt sgarh
105 Vtl10 |V g atrlobata 331454 |Chhatt sgarh
106 Vtll  [Vigna tr lobata 331456 |Chhatt sgarh
107 Vtl2 |Vignat lobata 541215 |Tamul Nad
108 Vtl3 |V grairliobata 541211  |Tamil Nadu
109 Vibl |Vig atr eva varbo neae 247407 |Kerala
110 Vtb2 |V g at nerva var bo 11 eae 210574 |Kerala
111 Vtb3 [Vga eva varbo r eae 264289 |Kerala
112 Vtbd |l gat e avarbo eae 248296 |Goa
113 Vb5 Vg at ervavarbo eae 249023  |Kerala
114 Vb6 |l ga e avarbo eae 406509  |Kerala
115 Vb7 (Vegat e varbo eae 406510 |Ke ala
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Code for

Sl No taxa Accession IC Number | Source of collection
116 Vitb8 |Vigna trinervia var bourneae 349700 |Kerala
117 Vb9  [Vigia trinerv a var bourneae 349704 |Kerala
118 Vtb10 |V gna trinervia var bourneae 349885 |Kerala
119 Vib11 |Vigna trinervia var bowrneae 281163 |Kerala
120 Vtbl2 |Vigna trinervia var bourneae 280784 |Kerala
121 Vtb13 |Vigna trinervia var bourneae 331442 |Onssa
122 Vtbl4 |Vigna trinervia var bourneae 372379 |Kerala
123 Vtb15 |Vigna trinerv a var bourneae 372406 |Kerala
124 Vtb16 |Vigna triierv a var bourneae 333605 |Kerala
125 Vitbl7 |Vigna trinervia var bot rneae 539792  |Kamataka
126 Vitbl8 |Vigna trine via var bourneae 539793  |Karmnataka
127 Vib19 |V gna trinervia var bor ‘neae 550575 |Kerala
128 Vit V gna tri1ervia var frinervia 337486 |Kerala
129 Vul |V gna 1 mbellata 251439 [Assam
130 Vu2 |V gia 1 mbellata 251440 |Assam
131 Vu3 |V gna 1 mbellata 251441 |Assam
132 Vud |Vgra nbellata 251442 |New Delh
133 vus |Vgna bellata 251443  |New Delh
134 Vué |Vig a mbellata 251444 |New Delln
135 Vu7 |Vigna 1 mbellata 251445 |New Dellu
136 Vu8 |Vig a1 bellata 251446 [New Delh
137 Vu9 |V gra mbellata 251447 |Newv Delh
138 VulO |V gna mbellata 349904 |Kerala
139 Vull [|Vgia n»bellata 324483 |Kerala
140 Vugl [Vgra mbellata var g acls 251370 |Madhya Pradesh
141 Vug2 |Vga bellata var g ac lis 331618 |[Himachal Pradesh
142 Vugl |Vigna: bellata var gracil s 331621 |H machal Pradesh
143 Vugd |Vgia bellata var g acls 331624 [H machal Pradesh
144 Vunl (Vg aing c lata 349906 |Kerala
145 Vun2 Viga g c lata 298665 |Kerala
146 Vun3 Vg a ng c laa 331439 |Orissa
147 Vvl V gna ex llata 248344 |Maharashtra
148 Vv2 |V gna vex llata 248345 |Maharashtra
149 Vv3 Vg aver llata 406507 |Kerala
150 Vvd Vg ave llaa 349723 |Tam ! Nadu




Table 6 Descriptor and descriptor states used for recording observations

S1 No

Character

Descript
or state

Descniption

10

Days to emergence
Type of seed germination

Colour of hypocotyl

Vigour of seedl ng

Shape of primary leaf

Primary leaf length (cm)
Primary leaf width (cm)
Colour of primary leaf pet ole

Nature of attachment of primary leaf
Habut

Growth habit

Growth pattern

Leafiness

Pubescense of leaf

AN S W N — BN = B WN e N e

AU LN =N = BWN NN W —

w

Epigeal
Hypogeal

Green

Greemsh purple
Light purple
Purple

Poor
Intermediate
Vigorous

Very vigorous
Ovate

Ovate lanceolate
Lanceolate
Cordate

Cordate with cuneate tip

Deltoid

Green

Greenish purple
Purple

Petiolate

Sub sess le

Annual

Perenmal

Erect

Sem1 erect
Spreading

Clhimb ng

Determ nate
Indeterminate

Sparse

Intermediate
Abundant

Glabrous

Very sparsely pubescent
Sparsely pubescent
Moderately pubesce t
Densely pubescet t
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Sl No

Character

Descript
or state

Description

15

17

18

19

20

21

22

23

24

25
26
27

28

Colour of petiole

Colour of petiole at leaf blade joint

Colour of pet ole at base

Pubescence of petiole

Colour of petiolule

Termunal petiolule length (cm)

Prominence of leaf vein
P gmentation of leaf vein

Lob 1 g of erminal leaflet

No of lobes 1n terminal leaflet

Term nal leaflet length (cm)
Terminal leaflet width (cm)
Shape of terminal leaflet tip

Stape of terminal leaflet lobe

nNh WD = OO =0 W= WN — WK~ WKN—WN —~ & Wl —
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Green

Green with purple tinge
Greenish purple
Purple

Green

Greenush purple
Purple

Green

Greenish purple
Purple

Dark purple
Glabrous

Pubescent
Moderately pubescent
Densely pubescent
Green

Green sh purple
Purple

Short (<2 Ocm)

Med um (2 1 3 Ocm)
Long (>3 lcm)

Not prominent
Prominent

Not ptgmented
Pigmented

Un lobed

Very shallowly lobed
Shallowly lobed
Intermed:ately lobed
Deeply lobed

Very deeply lobed

Round

Sub acute
Obtuse
Acute
Rhombo d
No lobes
Lanceolatc
Broally o ate
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Sl No

Character

Descript
or state

Description

29

30

31

32

33

34
35

36

37

38

39
40

Petiole length (cm)

Size of stipule

Shape of st pule

Presence of higule

Twining tendency

No of primary branches

Branch ng pattern of primary branches

Colur of stem

Pubescence of stem

Colour of stem hair

Days to flo verig,
Posito ofracene

w
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Ovate
Rhombic
Acute
Rhomboid
Short < 6 Ocm)

Intermediate (6 1 12 Ocm)

Long (> 12 1cm}
Small

Medium

Large

Minute

Ovate

Ovate lanceolate
Lanceolate
Absent

Very minute
Small

None

Slight
Intermediate
Pronounced

None

Basal

Central

Top

All over

Light green

Greel

Purplish green
Purple

Glabrous

Puberulent (Sparsely
pubescent)
Moderately pubescent
H ghly pubescent
Stem glabrous
Whte

Brovn

Mostly above ca opy
In upper canopy
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Sl No

Character

Descript
or state

Description

41

42

43

44

45

46

47

48

49

50

52
53

Colour of flower

Colour of calyx

Colour of corolla

Size of flower bud

Size of bracteole

Shape of bracteole

No of flowers/raceme

Length of keel pocket (mm)

Colour of peduncle

Pubescence of peduncle

Peduncle length (cm)

Ne of pods peduncle

Nature of pod attachment to pedu cle

w
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Throughout canopy
Pale yellow

Greenish yellow
Yellow

Golden yellow

Violet

Green

Purplish green
Greemnish purple
Yellow

Green sh yellow
Green purpl sh yellow
Green with purple tinge
Violet

Small (<2 0sq cm)
Medium (2 0 4 Osq cm)
Large (>4 0sq cm)
Absent

Minute (<0 5mm)
Small (0 5 1 Omm)
Medium > 1 Omm)
Absent

Ovate lanceolate
Lanceolate

Absent

Minute (<0 1mm)
Shert (0 1 0 2mm)
Medium (0 21 0 3mm)
Long (>0 4mm)

Green

Greenish purple
Purple

Glabrous

Sparsely pubescent
Moderately pubescent
Short (< 8 Ocm)
Medum (8 1 12 Ocm)
Long (121 20 0cm)
Very long (> 20 lcm)

Erec
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Sl No

Character

Descript
or state

Description

54

55

56

57

58

59

60

61

6?
63

Colour of immature pod

Colour of mature pod

Days to first pod maturity

Pubescence of pod

Curvature of pod

Pod length (cm)

Shape of pod beak

Cross sect on of pod

No of seeds pod
Shape of seed

W oo 1N Bl N = N =W
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Horizontal

Horizontal pendent
Pendent

Sub erect

Pale green

Light green
Intermediate green
Dark green

Straw

Tan

White

Cream

Light brown

Brown

Dark brown

Brown and black
Black

Others

Very early (<60 days)
Early (61 80 days)
Med um (80 100 days)
Late (101 120 days)
Very late (>120 days)
Glabrous

Sparsely pubescent
Moderately pubescent
Densely pubescent
Straight

Slightly curved
Curved (sickle shaped)
Short (< 3 Ocm)
Intermediate (3 0 5 Ocm)

Long (51 8 Ocm)
Very long (> 8 lcm)
Pointed

Blunt

Sem flat

Round

Others

Ro d
Rectangular
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Sl No Character Descript Description
or state
3 Oblong
4 Elliptic
5 Kidney shaped
64 Colour of seed As visible
65 Lustre on seed surface 0 Absent
1 Present
66 Mottling on seed surface 0 Absent
1 Shght
2 Intermediate
3 Heavy
67 100 seed weight (g)
68 Seed length (mm)
69 Seed width (mm)
70 Shape of hilum 1 Concave
2 Plain
3 Convex
4 Others
71 Hilum length (mm) 1 Short
2 Intermediate
3 Long
72 Seed yield/plant (g)
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311 Statistical analysis of morphological data

Cluster analysis was carried out using the data on all qualitative characters except
colour of seed The color of the seed was recorded by v sual observation without any
standard scores hence not included for the analysis The genetic associat ons among the
accessions were estimated by Jaccard s similarity coefficients (Jaccard 1908) using NTSYS
pe version 2 1 (Rohlf 1992) Based on the s milanty matrix cluster analysis was performed
and dendrogram was constructed by unweighted pair group method (UPGMA) (Sneath and

Sokal 1973)

The summary statist cs viz mean standard deviat on and standard error for the
various quantitative morphological parameters of all the [50 accessions were worked out
Based on quantitative characters wiz. pr mary leaf length primary leaf wdth terminal
pet olule length terminal leaflet length termunal leaflet w dth petiole length days to
flowering size of flower bud size of bracteole number of flowers per raceme keel pocket
length peduncle length number of pods per peduncle pod length number of seeds per pod
hundred seed we ght seed length seed width h lum length and seed yield per plant group ng
of access ons was done using non h erarch cal cluster ng method using the software

Statistical Package for Agricultural Research (Sparl)
312 Storage pest study

All the selected access ons were evalua ed for the suscept b 1 ty to storage pests A
tr al was conducted w th 150 treatments n the labora ory Each treatment was repl cated
tvce wtt 25 seeds pe eplcaton pe plates [ ve seeds ntested vth Callosob ¢t s

speces vere added oeacl reann T ep p es ere ncubated n dark for furtte
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infestation After two months of mcubation observations on the number of seeds mnfested

with the pest were recorded and expressed as percentage

313 Study of pollen morphology

Distinct vanants from each taxa were selected for palynological study The mature flower
buds about to open next day were collected from selected accessions and fixed in 70% ethyl
alcohol Acetolysis was camried out as per the method described by Nair (1970) The anthers
taken out from the fixed buds were put in distilled water They were crushed well and steved
through a clean b t of mushin cloth into a centrifuge tube and centnfuged for two minutes at 2500
rpm The supernatant solut on was discarded After adding 2ml of 70 percent alcohol agamn
centnfuged for two m nutes at 2500 rpm Supernatant was discarded and 2ml of glacial acetic
acid was added and agam cen nfuged for two mmutes Supemnatant was discarded and acetolysis
mixture (9 parts acet ¢ acid 1 part concentrated sulphunc acid) was added and then kept in a
water bath at 80°C for two munutes The supematant vas discarded after cooling To the bro vn
coloured pollen sediment at the bottom of tube 23 ml of acetic acd was added shaken
vigorously and centrifuged for two munutes at 2500 rpm  The supemnatant vas d scarded and
d st lled water was added and ce trifuged for two minutes The process was repeated 3-4 times to
d scard all the excess acetic acid About 1 2 ml of 50 percent glycerine was added and kept for 20
m nutes and tl en centrifuged for 2 minutes at 2500 rpm The supernatant vas discarded and the
tubes were kept ups de down over the t ssue paper for 3 5 minutes A p nch of glycerine gel was
dpped m pollen sed ment and mounted on 1 glass slde The shide was observed under

Stereoscop ¢ Zoo n M croscope w th photograpluc a tachment for studying polien momphology



32 Biochemical characterisation

Distinct variants were selected from each taxa for biochemical evaluation Only one
accession each was taken from those taxa having no distinct vanation Leaf samples were
collected from 30 day old plants of selected accessions Enzyme 1solation electrophoresis
and staimng of enzymes were done using the method described by Patra and Mishra (1979)
One to two grams of tissue from each accession was homogemzed 1 0 3 04 ml extraction
buffer solution with a pre chilled mortar and pestle at 4°C The samples were then transferred
in to pre chilled 15 ml polyethylene micro centrifugation tubes kept on 1ce These were
centrifuged at 15 000 rpm for 20 m nutes at 20°C The clear supernatant was collected and
used for electrophoresis Electrophoresis was carried out at a constant current of 10 mA for
first 30 m nutes and subsequently at 20 mA t 11 the track ng dye migrated to the lower end of
the gel The gel vas then stamed with the staining reagent specific for the particular enzyme

system

Peroxidase (POX) 1soenzyme vas detected using benzid ne as the hydrogen donor
The gel was incubated at 37°C n 1 percent hydrogen peroxide m xed w th an equal volume
of saturated solution of benz dine prepared n 25 percent acetic acid t1l v s ble bands
developed (approximately 3 m nutes) The gels were r nsed in chilled d stilled water and
preserved n 7 percent acetic acid

Poly phenol ox dase (PPQ) was detected by enzymatic brown ng The gel was
equil brated for 30 m nutes 0 | percent p phenylene diamine n 0 1M potassium phosphate

buffer (pH 7) follo ved by 10 nM ca echol n the same buffer The ald t on of catechol was
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followed by a gentle shaking which resulted 1n the appearance of dark brown discrete protemn
bands

The stamned gel was used for scormg data The bands were scored visually for their
presence (1) or absence (0) with enzyme The characteristic matrix based on the scores was

used for construction of dendrogram using NTSYS pc software version 2 1 (Rohlf 1992)

33  Molecular characterisation based on Inter Sequential Simple Repeats (ISSR)

markers

Distinct vanants from each taxa were selected for molecular characterisation also From
those taxa having no distinct vanation only one accession each was taken Termunal leaf
samples were collected from 30 day old plants of the selected accessions The DNA was
extracted following the cetyltumethyl ammonium bromide (CTAB) method described by
Nagarajan and Senthilkumar (2002) The leaf t ssue (2g) was frozen 1n hiquid nitrogen and
ground nto fne powder The fne powder was allowed to tha v 1n the presence of 15 ml of
pre heated CTAB extract on buffer containng B mercaptoethanol 1n polypropylene
centrifuge tubes and incubated for 45 minutes at 65°C w th occasional mixing The tubes
vere re noved from the water bath and allowed to cool at room temperature An equal
volume of chloroform soamyl alcohol m xture (24 1) was added and mixed well by
nvers on for 15 mnutes and then centr fuged at 4000 rpm for 20 minutes at room
temperature The DNA was prec p tated using 1ce cold sopropanol and incubated at 20°C It
vas then centnifuged at 4000 rpm for 20 m nu es at room temperature to pellet the DNA and
vasl ed w h 70% alcohol and a r dried Depending upon the pellet s ze tt e DNA was d ssolved

200 500 p! of ns HCL EDTA (TE) buffe (pH 8) RNA contam a o vas renoved by
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RNase treatment and mcubated at 37°C for 30 munutes Equal volume of chloroform isoamyl
alcohol mixture (500 pl) was added and mixed thoroughly by repeated inversions Precipitation
and pelleting of DNA was repeated once again and depending upon the stze of the pellet DNA

was d ssolved 1n 250 500 pl of TE (pH 8) and stored at 4°C

Agarose gel electrophoresis (0 8%) was performed to check the quality of DNA Two
microlitre of DNA sample was dissolved in TE buffer and pipetted onto a paraflm and
mixed well with 3pul of load ng dye by pipetting up and down several t mes The contents
were loaded nto the wells carefully with the help of a micropipette The gel was run at 90
volts till the tracking dye reached one third of the distance and bands were visualized and
documented 1n gel documentation system (Alpha Imager 2200 Alpha Innotech Corp USA)

DNA was quant f'ed by using spectrophotometer One uL of crude DNA was diluted to
1 mL deiomzed water The absorbance for all accession was measured at 260 nm An opt cal
density (OD) of 10 corresponds to 40 pg / ml for double stranded DNA The quantity of
DNA was determ ned as ad40/1000 pg/pl where a s the optical densty and d 1s the
d lution factor

Based on the quant ficat on data DNA d lutions were made n TE buffer to a final
concentration of 25ng/uL and stored n 20°C for ISSR analysis as per the procedure
followed by Nagarajan and Senthilkumar 2002 A total of 10 ISSR pr mers were used for the

analys s The pr mers used and their sequences are given n Table 7
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Table 7 Details of primers used for ISSR analysis

Sl No ISSR Primer Sequence (5 3)
1 UBC 809 AGAGAGAGAGAGAGAGG
2 UBC 840 GAGAGAGAGAGAGAGAYT
3 UBC 841 GAGAGAGAGAGAGAGAYC
4 UBC 816 CACACACACACACACAT
5 UBC 856 ACACACACACACACACYA
6 UBC 810 AGAGAGAGAGAGAGAGT
7 UBC 812 GAGAGAGAGAGAGAGAA
8 UBC 842 GAGAGAGAGAGAGAGAYG
9 UBC 813 CTCTCTCTCTCTCTCTT
10 UBC 857 ACACACACACACACACYG
Y (CT

The cocktail for the ampl f cat on was prepared as follows in 0 2ml PCR tubes

DNA (10 ng/pl) 200 ul
dNTPs (10 mM) (Bangalore Gene:r Ltd Ind a) 030pl
Primer [University of Br t sh Columbia (UBC)] 200 pul
10X assay buffer 150pl
Taq polymerase (0 3 umts pL) (Bangalore Gene:

Ltd India) 015ul
Stenle dist lled H;0 S 05ul
Total 15 00 i

The react on m xture was g ven a short sp n and was subjected to polymerase chain reaction

(Eppendorf Master Cycler Inc) The thermal cyclers were programmed as follo vs
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Profile 1 94°C for 5 minutes Imtial denaturation
Profile 2 94°C for 1 minute Denaturing

Profile 3 55°C for 2 minutes Annealing

Profile 4 72°C for 2 minutes Extension

Profile 5 72°C for 5 minutes Final extension

Profile 6 4°C to hold the samples for inf mty

Profiles 2 3 and 4 were programmed to run for 45 cycles

Agarose gel electrophorests (1 5%) was performed to separate the ampl fied products
The gel was run at 100 volts for 3 hours and bands were visualized and documented in gel
documentation system (Alpha Imager 2200 Alpha Innotech Corp USA)

The bands were scored v sually for thewr presence (1) or absence (0) with each primer As
m 32 dendrogram was constructed based on the charactenst ¢ matnix The species relat onship
was explamned based on the dendrogram and compared w th that obta ned using morphological
data and biochemucal data
34 Companson of different clustering patterns and development of statistical key for

Vigna taxa

For each qualitative cluster the percentage of accessions of each taxa distributed

into vartous quant tat ve clusters were worked out to £ nd out the relationship between qual tative
and quant tat ve clustering patterns Sirmularly the homology between qualitat ve b ochemical

and molecular clustering pattems were also worked out
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The weighted averages of various quantitative characters in different taxa were computed

using the formula

n
Weighted average =3 p x
A

n

Where p 1sthe percent acceSsions falling in quantitative cluster 1 x the correspond ng,
character mean based on the members falling in quantitative cluster 1 and n 1s the total number
of quantitative clusters

The key quantitative characters for each taxa were 1dentified as those which had a CV
above 25 percent 1n all the respective quantitative clusters in which the accessions of the taxa
were distributed Using these key quantitative characters a statist cal key was developed for
distingmshing the various taxa
35  Taxonomic key for identification of taxa of Vigna

A dichotomous key was developed considering the morpholog cal biochemical and

molecular characters for identify ng the different taxa of Vigna
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4 Results

The results of the three experiments conducted with 150 accessions of taxa of Vigna
in the present nvestigation are given below
41  Morphological characterisation

The observations on 48 qualitative characters and the mean values of 24 quantitative
characters recorded 1n 150 accessions of Vigna taxa are presented in Annexure 1 Based on
the qualttative characters the 150 accessions evaluated were regrouped nto 22 different taxa
The number of accessions 1n each taxa along with sub genus and section are presented 1n
Table 8 Among the 48 qualitative characters studied vanability was observed 1n 23
characters and the results are presented mn Table 9 From the table t can be seen that
characters like type of seed germ nat on nature of attachment of primary leaves size of
stipule shape of stipule presence of higule shape of bracteole nature of pod attachment to
peduncle curvature of pod shape of seed and shape of hilum vaned with the taxa The type
of germunation and nature of attachment of pnmary leaves were epigeal and petiolate 1n
Virlobata Vingtic lata and n new Vgia speces epigeal and sub sessile
Vikhandale ss V mngo varnuigo Vmengo varsylvestris Vradaia var adwata
V ad ata var set losa Vrad ata vars: blobata Viairara and Vs b anan aia hypogeal
and petolate 1 Vaco tfola Vdalzellana V arna Vpiosa V glab esces
Vstp lacea Vtr erva varbou reae Vit i1 eva vartrirervia Vimbellata var i mbellata
and V  bellata var gracilis and hypogeal and sub sess le in ¥ vex llata The germination
behav our observed n d fferent taxa of I g a are presented n Plate la to 1c The lob ng of
term ndl leaflet va ed fo u lobed o very deeply lobed mn d fferent taxa of | g a as

presented n Plate? Ornane tato onleaf o necl ded in the descr p or vas also observed
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Table 8 Grouping of 150 taxa of Vigna

No of
S1 No Sub genus Section Taxa
accessions

1 Ceratatrop:s Angulares V dalzelhana 21
2 V glabrescens 1
3 V trinervia var trinervia 1
4 V trinervia var bourneae 19
5 V umbellata (Cultivated) 11
6 V umbellata var gracilis 4
7 Ceratotropis V haimana 10
8 V khandalensis 1
9 V mungo var mungo 2
10 V mungo var sylvestris 22
I1 V 1adiata var radiata 7
12 V radrata var sublobata 15
13 V radiata var setulosa 6
14 V subramamana 3
15 Acon tifoliae V acomtifolra 1
16 Vsupt lacea 3
17 V trilobata 13
18 Plectotrop s Plectotropis V vexillata 4
19 Vigna Catiang V unguiculata
20 V ptlosa i
21 V marina 1
22 New Vigna species 1
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Table 9

Varability n qual tative characters of different taxa of Vigna

Taxa Type of seed |Shape of Nature of Lobing of Shape of [Size of Shape of |Presence of
germ nation  |primary leaf |attachment of |terminal leaflet {terminal  |stipule stipule Ligule
primary leaflet tip
leaves
Vaco tfola Hypogeal Lanceolate |[Pet olate Very deep Acute Minute Lanceolate|Small
lobed
Vdal ella a Hypogeal Ovate Petiolate Unlobed or Acute Minute Lanceolate|Very minute
lanceolate very shallow to small
lobed
V glabresce s Hypogeal Ovate Petiolate Unlobed Rhonbic |Large Ovate Very minute
lanceolate
Vianana Ep geal Ovate Sub sessile  [Unlobed Acute Medium Ovate Small
lanceolate
I 11 andalens s Epigeal Ovate Sub sess le |Shallow lobed |Acute Minute Ovate Very minute
lanceolate
I a Hypogeal Ovate Pet olate Unlobed Round Minute Lanceolate|Absent
lanceolate
I go Vi ngo Ep geal Ovate Sub sessile  |Unlobed Sub acute |Medum Lanceolate|Small
lanceolate
I go va sylvest s Ep geal Ovate Sub sessile  |Unlobed Acute Medium Lanceolate|Small
lanceolate
I plosa Hypogeal Deltoid Pet olate Unlobed Acute Small Lanceolate{Absent
V ad ata var ad ata Epigeal Ovate Sub sessile  |Unlobed or Sub acute |Medium Ovate Small
lanceolate itermediate
lobed
| adata vars blobata Epigeal Ovate Sub sessile  |Unlobed or Sub acute |Medium to |Ovate Small
lanceolate shallow lobed large
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Taxn Type of seed |Shape of Nature of Lobing of Shape of |Size of Shape of |Presence of
germination |primary leaf |attachment of {term nal leaflet {term nal ~ [stipule stipule ligule
primary leaflet tip
leaves
V ad ata var set losa Ep geal Ovate Sub sessile  |Unlobed Sub acute |Medium to [Ovate Small
lanceolate obtuse large
Vst pilacea Hypogeal Cordate with [Petiolate Shallow or Round Small Ovate Small
cuneate tip deep lobed rhomboid
Vs banana a Epigeal Ovate Sub sessile  |Unlobed Sub acute |[Medium Ovate Small
Virloba a Epigeal Cordate with |Petiolate Intermediate or|Round Large Ovate Small
cuneate t p deep lobed obtuse
rhombaoid
Vit ien a varbo neae |Hypogeal Ovate Pet olate Unlobed or Acute Minuteto  |Ovate Very minute
shallow lobed medium lanceolate |to small
Viriweva vart neva Hypogeal Ovate Petiolate Shallow lobed |Acute Medium Ovate Small
lanceolate
Vimbellata va umbellata |Hypogeal Lanceolate |Pet olate Shallow lobed |Acute Minute Ovate Small
lanceolate
V' mbellata varg acls Hypogeal Cordate Petiolate Unlobed Acute Small Ovate Small
lanceolate
V ngt culata Epigeal Ovate Petiolate Unlobed Sub acute [Medmum Ovate Small
lanceolate
I exllata Hypogeal Ovate Sub sess le |Unlobed Acute Minute Ovate Absent
lanceolate lanceolate
N v ¥ gia spec es Ep geal Ovate Pet olate Unlobed Acute Medum Ovate Smalil
lanceolate
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Taxa Colour of flower|Colour of Shape of Color of Nature of pod |Colour of Colour of
corolla bracteole peduncle attachment to |immature pod |mature pod
peduncle
I acont fol a Yellow Yellow Ovate Green Honzontal Intermediate  |Brown
lanceolate pendent green
V lalzell ana Pale yellow to  |Yellow Lanceolate Green to purple |Pendent Intermediate  |Tan to light
golden vellow green brown
I glab esce s Golden yellow [Yellow Absent Green Honzontal Dark green Brown
llana a Yellow Yellow Lanceolate Green to Honzontal Intermediate to |Straw
greenish purple dark green
Vila dale 55 Pale yellow Yellow Ovate Green Honzontal Intermediate  |Brown
lanceolate pendent green
Vna a Pale yellow Yellow Absent Green Pendent Light green Brown
I go va  ngo Golden yellow |Yellow Lanceolate Greenish purple |Horizontal Intermediate  |Black
green
V' n ngo varsyl estrs Golden yellow |Yellow Lanceolate Green Sub erect Intermediate  |Black
green
V losa V olet Violet Absent Green Pendent Intermediate  |Cream
green
I ad ata var ad ata Greenish yellow |Greenish Ovate Green sh purple |Horizontal Intermediate to [Tan to brown
to yellow yellow to lanceolate to purple dark green
greenish purple-
yellow
I d v blobata Green sh yellow|Yellow to Ovate Greenish purple {Horizontal Intermediate  Tan
to yellow greemish purplelanceolate pendent green

yellow
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Taxa Colour of flower|Colour of Shape of Color of Nature of pod |Colour of Colour of
corolla bracteole peduncle attachment to |immature pod |mature pod
peduncle
V ad ata var setulosa Yellow to Yellow to Ovate Green to Horizontal Intermediate to |Tan
golden yellow |Green with lanceolate greemush purple |pendent dark green
purple tinge
F st pi lacea Yellow to Yellow Ovate Green to Honzontal Light green Straw with
golden yellow lanceolate greenish purple |[pendent purple stripes
Vsuba a ana Green sh yellow |Greenish Lanceolate Greensh purple |Honzontal Intermediate  |Tan
yellow pendent green
Vi lobaa Yellow to Yellow Lanceolate Green Pendent sub |Intermediate to |Tan to brown
golden yellow erect dark green
V' ne ava bo rneae |Golden yellow |[Yellow to Ovate Green Horizontal Light green Tan to black
green sh purple4{lanceolate
yellow
¢ vi  1ewva Golden yellow [Yellow Ovate Green Honzontal Light green Brown and
lanceolate black
bellata var mbellata |Golden yellow [Yellow Lanceolate Gree1 Pendent Pale green Tan
I bellaa va gracls Yellow to Yellow Ovate Green Pendent Intermediate  |Tan
golden yellow lanceolate green
I gtclaa V olet Violet Absent Green Erect Intermediate  |Dark brown
green
Pooadt Violet Violet Lanceolate Green Honzontal Intermediate  |Tan
green
New V' g a species Yellow Yellow Ovate Green Horizontal Intermediate  [Tan
lanceolate pendent green
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Taxa Curvature of|Shape of  [Shape of Colour of seed Lustre on {Mottling on  [Shape of
pod pod beak |seed seed seed surface  |hilum
surface
Vaco tufola Straight Pomnted Ellipt ¢ Intermed ate green |Present [Absent Concave
Vial ell a a Straight to  |Pointed Oblong Greyish green Present |Intermediate |Convex
curved mottled with black heavy
V glab esce s Straight Blunt Oblong Black Present |Absent Concave
Vha 1ana Straight Pointed Ell ptic Greyish mottled Absent |Intermediate |Convex
with black heavy
I'ila dalens s Straight Pointed Oblong, Blackish brown Absent |Absent Plain
Vina a Straight Blunt Round Brown Absent |Absent Plain
v go var  ngo Stra ght Blunt Oblong Black sh brown Absent |Absent Convex
go va sylvest s Stra ght Pointed Round Mottled blackish Absent |Absent Convex
brown intermediate
losa Stra ght Ponted Round Brown Absent |Absent Concave
I d v adata Stra ght Po nted Rectaigular |L ght green to Absent |Absent Concave
blunt mtermediate green
V ad a a vars blobata Straight Pointed Oblong Black sh brown Absent |Absent Concave
blunt
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Taxa Curvature of|Shape of  [Shape of Colour of seed Lustre on |[Mottlingon  |Shape of
pod pod beak  |seed seed seed surface  |[hilum
surface
V ad ata var seit losa Straight Pointed Rectangular |Black Absent |Absent Plain
blunt
I stp lacea Stra ght Blunt Oblong Cream mottled with |Absent [Intermediate |Convex
black
Vs bra a a a Stra ght Blunt Oblong Black mottled grey |Absent [Absent Plain
V  lobata Stra ght Blunt Oblong Black sh grey Absent  |Shight Concave
I e var bo  eac  |Straight Blunt Rectangular |Black blackish grey |Absent |Absent shight |Plain
i e avar! nel a Stra ght Blunt Oblong Black Absent |Absent Plain
! {l a var  bellata |Shghtly Pointed Ell ptic Green to black Present |Absent Convex
curved ntermediate
I bulaa vargiacls Curved Blunt Ell ptic Black mottled Present |Intermediate |Concave
black heavy
V nguc lata Straight Pointed K dney Cream chocalate |Absent |Absent Concave
shaped brown
V vex lata Straight Ponted K dney Blackish brown Present |Absent Concave
shaped
New ¥V g a speuies Straight Po nted Oblong Mottled black Absent |Intermediate |Convex
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V.aconitifolia Vtrilobata

V.stipulacea V. vexillata

Hypogeal and petiolate Hypogeal and sub-sessile

Plate la. Germination behaviour in Vlgna taxa



V.hainiana V khandalensis

\V.mungo var. mungo V.mungo var S\1vestris
V.radiata var. radiata Vradiata var.Sublobata
V.radiata var.setulosa V.subramaniana

Epigeal and sub-sessile

Plate Ib. Germination behaviour in Vlgna taxa



V. trinervia var. trinervia trinervia var. houmeae

V. umbellata var.umbellata (cuitivated) V. umbellata var. gracilis

V.aconitifolia V.stipulacea
Hypogeal and petiolate

Plate Ic. Germination behaviour in Vlgna taxa



Plate 2. Variability in lobing of terminal leaflet in different taxa of Vlgna



1 all the accessions Ornamentation was present in V stipt lacea V trinervia var bourneae
and ¥ dalzellrana and was absent mn all the other taxa The colour of ornamentation was
either white as observed in ¥ sup:lacea and Vtrinervia var bot rneae or green as 1n
V dalzelliana The variability in omamentat on on the leaves of ¥ trilobata and V stipulacea
1s presented n Plate 3a Plate 3b depicts the vanability in ornamentation of ¥ trinervia
var trineniq and V trinervia var bot rneae The stipule shape was lanceolate n V aconitifoha
T dalzelliana Vmar na V mingo varningo V nungo varsylvestris and V pilosa ovate
lanceolate 1 ¥ tri1ervia var bourneae V tr nervia var tru ervia Vi mbellata var 1 mbellata
Vu bellata var g actls Vungt c lata and Vvexillata ovate m V hammana V khandalensis
Viadiata Vradiata var sublobata V adata varset losa V stiptlacea Vs bramamana
V trilobata and in the new species The variab lity in stipule size and shape of d fferent Vig 1z
taxa s depicted n Plate 4 Bracteole was absent n Vu gricilata V pilosa and ¥V marina
The hilum shape was concave in Vaco i ¢ folia Vp losa V adiata V radiata var st blobata
Virdobata V 1 bellata vargracls Vi g cilata V eullata plain n V4ila daleiss
Vnari a V adatavarset losa Vs ba a aa Vt evavarbo reaeand V't 1ewa
vartrt erva and convex in Vdalzellana Vhanana Vwmingo varmingo Vningo
var sylvest s Vstp lacea V n bellata vari mbellata and 1n the new species Corolla was
violet n ¥V ng ¢ lata Vvexllata and V pilosa and ycllow or shades of yellow n all the
other taxa

The summary stat stics viz range m mmum max mum mean standard dev at on
standard error and coeff'c en of var at on of the quant tat ve characters are presented n
Table 10 From Table 10 t can be seen hat all characters exh bited w de range of vanabil ty

Vanab ] yofmore 1a 90jc cen ob erved ncha act slkeseed yeld plant (218 11)



Plate 3a. Variability in ornamentation of leaf in Vlgna taxa

1,2, 3- Vstipulacea; others - V.trilobata



Plate 3b. Variability in ornamentation of leaf in Vlgna taxa

1- V. trinervia var. trinervia
2,3, 4- \ trinervia var. houmeae



Plate 4. Variability in stipule size and shape in different taxa of Vlgna

- V.stipulacea (1c202559)

. Vitrinervia var.bourn_eae (1C247407)
. V.umbellata var.gracilis (1c2s1370)

. V.gl_abrescens (1C251372)

- V.irilobata (1c251431)

. V.umbellata (1c251442)

. Voradiata var sublobata (1c248344a)
- VLvexillata (1c4o6507)

o. V.mungo war.sylvestris (1c277014)
10. V.unguiculata (1c298665)

[EY
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11. V.radiata var.sublobata (1cs22206)
12. V.trmerV_la War.trinervia (1c3s74se)
13. V.dalzelliana (1c203864)

14. V.MUNQO var.MUNGO (1c331447)

15. \Lhainiana (icssi4as)

16. V.stipulacea (1cs24552)

17. Viaeonit(folia (1ca17347)

18. V.MUNGO var SyIVestris (ics3o79s)

19, V.mun%o var SYIVestris (ics39so0)

20. V.trilobata (1cs541215)

21. \marina (i.cs39828)



Table 10 Vanability parameters in 150 accessions of taxa of Vigna
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Sl No Characters Range [Mmmum{Maxmmum| Mean SE SD CV (%)
1 |Days to emergence 17 00 200 19 00 775 | 01651 | 28594 | 3691
2  |Primary leaf length (cm) 633 090 723 286 | 00796 | 13795 | 4824
3 |Primary leaf width (cm) 380 060 440 159 | 00286 | 04945 | 3112
4 |Termnal petiolule length (cm)| 3 43 080 423 216 | 00357 | 06185 | 2858
5 |No of lobes 1n terminal leaflet | 500 000 500 153 [ 00880 [ 15242 | 9941
6 |Terminal leaflet length (cm) 1323 210 1533 830 | 01438 | 24898 | 3000
7 |Terminal leaflet w dth (cm) 1124 193 1317 649 | 01083 | 18762 | 2892
8 [|Petiole length (cm) 2333 350 26 83 960 | 02354 | 40774 | 4248
9 |No of primary branches 600 000 600 313 | 00488 | 08444 | 2701
10 |Days to flowenng 13500 | 3300 | 16800 | 7417 | 18777 | 325235 | 4385
11 |Size of flower bud (I xb) 12 28 030 1258 196 [ 01032 [ 17872 | 9138
12 |Size of bracteole (nm) 300 000 300 195 | 00527 | 09132 | 4675
13 |No of flowers/raceme 14 00 100 1500 574 | 01207 | 20897 | 3641
14  |Keel pocket length (mm) 400 000 400 283 | 00572 | 09910 | 3498
15 |Peduncle length (cm) 3643 340 3983 | 1371 | 03255 | 56375 | 4112
16 |No of pods/ peduncle 600 100 700 322 | 00508 [ 08799 | 2733
17 |Days to first pod matunty 136 00| 4800 18400 | 8712 | 15814 | 273911 | 3144
18 |Pod length (cm) 1050 196 12 46 506 | 01124 | 19462 | 3844
19 |No of seeds pod 18 00 120 1920 | 1019 | 01481 | 25646 | 2516
20 {100 seed weight (g) 10 89 045 1134 177 | 00957 | 16572 | 9380
21 |Seed length (mm) 679 203 882 362 | 00759 | 13150 | 3632
22 |Seed width (mm) 433 152 585 268 | 00404 | 06989 | 2605
23 |Hilum length (mm) 384 020 404 159 | 00409 | 07076 | 4441
24 [Seed yreld plant (g) 109030| 020 | 109050 | 5898 | 74265 [128 6302|218 11




number of lobes 1n terminal leaflet (99 41) 100 seed weight (93 80) and size of flower bud
(91 38) The characters which showed variabil ty of less than 30 percent were termunal leaflet
width (28 92) terminal petiolule length (28 58) number of pods/peduncle (27 33) number of
primary branches (27 01) seed width (26 05) and number of seeds/pod (25 16) The keel
pocket was present 1n all taxa except V't nguiculata V marina and V prlosa The length of
keel pocket vaned from taxa to taxa Plate 5 depicts the variabihity 1n keel pocket length 1
different Vigna taxa The keel pocket was long in ¥'m ngo var.syl estris and Vi n bellata
var 1 mbellata minute 1n ¥ haimiana V trilobata and V stipulacea and short or medium short
1n all the other taxa
411 Cluster analysis based on qualitative characters

Agglomerative hierarchical clustering was performed based on the Jaccard s
similanity coeff'cient utihzing the UPGMA method for 47 qual tative characters and the
dendrogram obtamed 1s presented in Figure 1 The 150 Vigia taxa evaluated could be
grouped nto 10 clusters at 60 percent s mular ty level The Iist of 10 clusters obta ned along
w th the accessto s ncluded n each cluster 1s presented mn Table 11 All accessions
belonging to four d fferent taxa vz Vradiata varradiata V ad ata vars blobata
V ad ata varset losa and Vs b ara 1ana were grouped 1n cluster I Cluster II included
access ons belonging to two taxa vz V trinerv a var boi rneae and V trine via var trinerv a
All accessions of V haimana Vmingo varsylvestrs Vmngo varmingo and the new
species were fall ng n cluster IIl The only access on of ¥ kha dalens s fell n cluster IV
Access ons belong ng to ¥ lobata and T st p lacea were included mn cluster V. One
accession of V' g/ b esce sremaned cluster VI Clus er VII ncluded access ons belonging

oVdlel all bell ar bella ad! bell a gac! One access on of
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V.hainiana Viradiata var.Setulosa V.mungo var.Sylvestris

Vradiata var.sublobata Vradiata var. radiata V.subramaniana

V. umbellata var.umbellata V.unguiculata \trilobata

Plate 5. Variability in keel pocket in different taxa of Vlgna



Table 11 Clustering pattern based on qualitative characters

S1No Cluster No of Code of accessions Taxa
No accessions
1 I 31 Vsl Vrs2 Vrs3 Vrs4 VisS Vrsé Vis7 | Vradiata var sublobata
Vrs8 Vrs9Vrsl0 Vrsll Visl2 Vrsi3
Vrsld4 Visls
Vsel Vse2 Vse3 Vsed Vse5 Vseb V radiata var setulosa
Vsbl Vsb2 Vsb3 V subramamana
Vil Vr2 Vi3 Vr4 Vr5 Vr6é Vr7 V radiata var radiata
2 1I 20 Vibl Vib2 Vib3 Vib4d Vib5 Vtb6 Vtb7 V trinervia var bourneae
Vb8 Vb9 Vibl0 Vibll Vibl2 Vtbl3
Vibl4 Vtbl5 Vtblé Vtbl7 Vibl8 Vtbl9
Vit V trinervia var tr nerv a
3 m 36 Vhl Vh2 Vh3 Vh4 Vh5 Vh6 Vh7 Vh8 | Vhain ana
Vh9 Vh10
Vmsl Vms2 Vms3 Vms4 Vms5 Vms6 ¥V mt ngo var sylvestr s
Vms7 Vms8 Vms% Vmsi0 Vmsll
Vmsl2 Vmsl3 Vmsl4 VmslS Vmslée
Vmsl7 Vmsl8 Vms19 Vms20 Vms2l
Vms22
Vmul Vmu2 V mt ngo var mungo
Y New V gna species
vdié Vdalzell:a a
4 v 1 Vk V khandalens s
5 v 16 Vstl Vst2 Vst3 V st pulacea
Vil Vi2 Vi3 Vt4 ViS Vt6 Vt7 Vt8 V9 | Virlobata
Vil0 Vitll V12 Vtl3
VI 1 Vg V glabrescer s
VII 35 vdl Vd2 Vd3 Vd4 Vd5 Vdé Vd7 Vd8 | Vdalzell ana
vd9 vdio vdil vdiz vVdl3 vdid
Vdl5 vdl7 vdi8 Vdl9 Vd20 Vd2l
Vul Vu2 Vu3 Vud Vu5 Vué Vu7? Vu8 |V nbellata var 1 n bellata
Vu9 Vuld Vull
Vugl Vug2 Vugld Vugd V mbellata var grac | s
8 VIII 1 Va Vacon t folia
9 X 7 Vvl Vv2 Vv3 Vv4 V exllata
Vunl Vun2 Vun3 V g c¢ lata
10 X 1 Vma Y marina
1 Vp V p losa
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V acomtifoha remamned separately as cluster VIII Accessions of Vungiicilata and
V vexillata were grouped mn cluster IX and of ¥ marina and ¥ pilosa i cluster X From the
clustering pattern 1t could be seen that all accessions belonging to a single taxa were grouped
together i the same cluster In the case of V dalzelhana all accessions fell mn cluster VII
except one (Vd16) which fell m cluster III
412 Cluster analysis based on quantitative characters

Cluster analysis was performed using all quant tative characters except days to
emergence number of lobes 1n term nal leaflet number of primary branches and days to frst
pod matunity as these characters could not be accommodated mn the SPAR1 programme Five
clusters were obtained and access ons included n each cluster are presented in Table 12 The
ntra and mter cluster d stances are presented n Table 13 The d stances between each
cluster centro ds are represented n Figure 2 The max mum distance was between cluster 11

and IV (8 758) and the mummum was between cluster I and II (2 515)

Table 13 Intra and nter cluster distances between clusters

Cluster I II I v v
I 2505
II 2515 2985
1 3209 4227 3188
v 8 150 8758 6 479 4917
v 3213 4516 3205 6 754 3512
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Table 12 Clustering pattern based on quantitative characters

SINo | Cluster No of Code of accessions Taxa
No accessions

Vdz Vd3 Vd4 vds Vdé6 Vd7 Vd8 Vd9 | ¥ dalzell ana
vdlo vdll Vvdi2 vdi3 vdls Vdlé
vdl7 Vdig vdl9 vd20
Vms20 Vigna mungo var sylvestris
Vr7 V radrata var radiata

1 I 51 Vrsl Vrs2 Vrs3 Vrsd4 VisS Vms6 Vrs7 | ¥V radiata var sublobata
Vrs8 Vrs9 Vrsl0 Vrsl2 Vrsl3 Visi4
Vses V radiata var setulosa
Vil Vt2 Vi3 Vi4 Vis Vt6 V7 Vi9 V trilobata
Vt10 Vtll Vt12 Vti3
Vtb12 ¥ trinervia var bourneae
Vugl Vug2 Vug3 Vugd V umbellata var gracil s
N New Vigr a species
Va V acomtifoha
vdil4 V dalzell ana
Vhl Vh2 Vh3 Vh4 VhS Vh6 Vh7 Vh8 | ¥V ha mana

2 It 18 Vh9 Vh10
Vma V marina
Vstl Vst2 Vst3 V st pt lacea
Vi8 V tr lobata
Vrl V2 Vi3 Vrd Vr5 Vr6 V rad ata var radiata
Vmul V mingo varm ngo
Vmsl Vms2 Vms3 Vms4 VmsS Vms6 V mungo var sylvestr s
Vms7 Vms8 Vms9 Vmsl0 Vmslli

3 hibi 38 Vmsi2 Vmsl3 Vmsl4 VmslS Vmslé
Vmsl7 Vms18 Vmsl9 Vms2l Vms22
Visll VislSs V rad ata var s blobata
Vsel Vse2 Vse3d Vsed Vseb V rad ata var setulosa
Vshl Vsb2 Vsb3 Vs bramamana
Vg V glabrescens
Vk V kI andalens s
Vmu2 V mungo var m ngo

4 v 18 Vp V p losa
Vul Vu2 Vu3d Vud4 Vus Vubé Vu7 Vu8 V' mbellata var umbellata
Vu9 Vuld Vull
Vunl Vun2 Vun3 V  guic lata
Vibl Vitb2 Vib3 Vib4d Vtb5 Vibe Vib7 V tr nerv a var bo rneae
Vib8 Vtb9 Vibl0 Vtbll Vtbl3 Vibl4
ViblS Vtbl6 Vibl7 Vibl8 Vibl9

5 Vv 25 Vit Vir en avartriren a
Vdl vadzl V dalzell ana
VI1Vwv2aV3iVvVi4 V vex llata
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Fig 2 Cluster diagram showing cluster distances



413 Storage pest study

The percent of storage pest mfestation recorded 1 150 accessions of taxa of Vigna 1s
presented m Table 14 The table shows that the mfestation ranged from 0 100 percent Zero
percent mfestation was observed m 55 accessions belonging to different taxa except
Vacomtifohia V subramamana and the new species Hundred percent infestation was
observed in two accessions each in Vumbellata var umbellata and Vunguiculata A
histogram representing the frequency distnbution of 150 accessions on the basis of
infestation level of storage pest is presented in Figure 3 The figure showed that 79

accessions had no infestation or less than 10% infestation by storage pest
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Fig 3 Frequency distribution for storage pest infestation

414 Study of pollen morphology

The pollen morphology of the selected accessions from 18 taxa of Vigna 1s presented
m Table 15 and Plate 6a and 6b The flower buds and the pollen grains from the 4 taxa
namely Vacon tifol a Vm ma Vn go varm 1go and V sub an amaa were msufficient

a1d hence co Id not be mncluded 1n the study The stu dy revealed that the pollen grains of all
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Table 14 Storage pest infestation in different taxa of Vig w

TCR | Code IC Percent of
Sl No No | for taxa Taxa Number Mean mfestation
1 268 |V New Vig a species 277045 | 45 180
2 (350 |Va V acont foha 417347 | 185 74 0
3 19 vdi V dalzelhana 247408 | 00 00
4 |10 vd2 V dalzelhana 203864 | 00 00
5 (12 vd3 V dalzellana 210555 20 80
6 |13 Vd4 V dalzelhana 210556 | 00 00
7 {106 |Vvd5 Vdalzelliana 2105591 00 00
8 |126 ([Vdé V dalzelhana 210579 | 25 100
9 (143 |Vd7 V dalzellhana 248168 | 40 160
10 |144 [Vd8 V dalzelhana 248195 | 45 180
11 1147 |Vd9 V dalzelliana 248261 00 00
12 1163 |Vd10 |Vdalzelhiana 248346 | 00 00
13 {199 |vdll Vdalzelliana 336206 1 35 140
14 214 |Vd12 |V dalzelhana 253961 | 25 100
15 1233 |Vd13 (Vdalzelliana 253913 | 00 00
16 234 |Vdl4 |V dalzelliana 253911 00 00
17 (258 |Vd15 |V dalzelhana 277025 | 00 00
18 (274 |Vdl6 |V dalzell ana 277060 | 00 00
19 (387 |\Vd17 |Vdalzelliana 539795 | 20 80
20 388 |VdI8 |V dalzelliana 539796 | 00 00
21 |398 |Vdl19 |V dalzelhana 539806 | 45 180
22 [401 |Vd20 |Vdalzelhana 550577 10 40
23 (407 |Vd2l V dalzelliana 541388 | 25 100
24 |20 Vg V glaberescens 2513721 00 00
25 |24 Vhl Vhar ana 251376 | 00 00
26 |26 Vh2 V hatmana 251378 | 00 00
27 |29 Vh3 Viamiana 251381 00 00
28 [207 |Vh4 V hammana 349905 35 140
29 1244 |Vh5 Vha 1ana 276985 | 00 00
30 [247 |Vh6 V hain ana 276999 | 40 160
31 249 |Vh7 V hatmana 277007 | 00 00
32 |307 |VhS8 Vha 1ana 331438 | 00 00
33 1314 |Vh9 V hawn ana 331448 00 00
34 |323 [Vh1O VIaruana 331460 15 60
35 165 [Vk V khandale is s 406504 | 00 00
36 (405 |Vma V na na 530828 00 00
37 310 |Vmul ¥V  go varn ngo 331441 | 00 00
38 (313 |Vmu2 |V ngo varn go 231447 | 205 820
39 |I55 |Vnsl |¥Vn govarsyles s 248794 | 110 440
40 [157 |Vms? |] govirslest s 248326 | 10 40
41 158 |Vms3 [ go varsyl est s 748331 20 80
47 1160 |Vms4 |I govrsylesrs 748343 1 00 00
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TCR | Code IC Percent of
Sl No No | fortaxa Taxa Number Mean infestation
43 (171 |Vms5 |V mw go varsyl estiis 256135 | 00 00
44 |230 {Vms6 |V mungo var syl estris 253907 | 00 00
45 1254 |Vms7 |V mungo var sylvesiris 2770141 90 360
46 (256 (Vms8 [V mungo var sylvestris 277021 | 40 16 0
47 1259 |Vms9 |V mungo var syivestris 277026 | 90 360
48 (260 |Vmsl0 |V mungo var sylvestris 277031 | 45 180
49 262 |Vmsll |V mungo var sylvestris 277036 | 00 00
50 |265 |Vmsl12 |V mungo var sylvestris 277039 | 45 180
51 |266 |Vmsl3 |V mungo var sylvestris 277041 | 110 440
52 (267 (Vmsl4 |V mungo var sylvestris 277044 | 165 660
53 |270 |Vmsl5 |V mungo var sylvestris 277053 [ 00 00
54 (271 |Vmsl6 |Vmungo var sylvestris 277055 | 15 60
55 |272 {Vmsl7 |V mingo var sylvestris 277057 | 115 460
56 |275 |Vmsl8 |V mungo var.sylvestris 277061 | 35 140
57 |276 |Vmsl9 |V mungo var sylvestris 277084 | 00 00
58 1390 (Vms20 ¥V mungo var sylvestris 539798 | 70 280
59 [392  |Vms2l [V mungo var sylvestris 539800 | 45 180
60 393 |Vms22 |Vmungo varsyl estrs 539801 | 00 00
61 (410 [Vp Vp losa 541380 | 00 00
62 |60 Vrl Vrad ata var rad ata 251412 | 105 420
63 61 vr2 V rad ata variad ata 251413 | 125 500
64 |62 vr3 V radiata var ad ata 251414 | 190 760
65 |70 Vr4 V radiata var rad ata 251422 | 00 00
66 |72 Vrs V radata var rad ata 251424 | 90 360
67 |74 Vr6 V radiata var rad ata 251426 | 00 00
68 188 |Vr7 V radiata var adwata 349699 | 00 00
69 1 Vrsl V rad ata var s blobata 202538 | 110 440
70 |3 Vrs2 V radiata var sublobata 202580 | 05 20
71 S Vrs3 V radiata vars blobata 202643 10 40
72 |7 Vrs4 V radiata var s1 blobata 247406 | 95 380
73 11 Vrs5 V radiata var s blobata 210554 | 70 280
74 |66 Vrs6 V rad ata var si1 blobata 251418 15 60
75 P78 | Vis7 V rad ata var s1 blobata 281164 | 00 00
76 279 {Vrs8 V rad ata var st blobata 281165 90 360
77 |297 | Vrs9 Vrad ata vars blobata 324496 | 00 00
78 |300 |VrslO |V radwata vars blobata 322306 | 00 00
79 1301 |Vrsll  |Vrad ata vars blobata 351407 | 00 00
80 1321 |Vrsl2 |1 adata vars blobata 331457 | 05 20
81 |397 |Vrsl3 |Vrad ata var st blobata 539805 35 140
82 400 |Vrsl4 |! ad aa vars blobata 550576 05 20
83 [161A |Vrsl5 |V alaa vars blob a 248344A 95 380
84 167 Vsel V ad ata var se losa 751419 | 205 820
85 |68 Vse2 I rad ata var set losa 251420 | 95 380
86 |69 Vse3 I alat va se losa 51421 90 360
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TCR | Code 1C Percent of
81 No No | fortaxa Taxa Number Mean infestation
87 |71 Vse4 V ad ata var setulosa 251423 | 110 440
88 (141 |VseS V1adiata var setulosa 351404 ) 0O 00
89 (273 |Vse6 V radiata var setulosa 277058 | 0S5 20
90 |2 Vstl V stipulaceae 202559 | 35 140
91 215 [Vst2 V stipulaceae 256259 | 205 820
92 303 |Vst3 V stipulaceae 324552 10 40
93 (238 |Vsbl V subramanmana 253920 | 225 900
94 1240 |[Vsb2 V subramanmana 253926 | 200 800
95 1241 |Vsb3 V subramaniana 253930 | 195 780
96 |83 Vil V trilobata 251435 | 10 40
97 184 Vi2 V tnlobata 251436 | 50 200
98 |86 Vi3 V trilobata 251438 | 85 340
99 192 |Vt4 V trilobata 349701 55 220
100 243 | VtS V trilobata 276983 [ 00 00
101 [295 |Vt6 V trilobata 351406 [ 05 20
102|305 |Vt7 Vtrilobata 331436 | 175 700
103 |306 [Vi8 Vtrilobata 331437 | 00 00
104 |318 |Vt9 Virilobata 3314531 00 00
105 |319 [Vt10 V uilobata 331454 | 40 160
106 1320 [Vtll V tr lobata 331456 | 30 120
107 1402 [Vti2 V tr lobata 541215 | 125 500
108 1403 |Vtl13 V tr lobata 541211 00 00
109 |8 Vibl V trine v a var bor neae 247407 | 00 00
110 121  [Vtb2 V tr nervia var bourneae 210574 1 35 140
111 142  [Vib3 Virt eva varbotineae 264289 | 190 76 0
112 (156 |Vib4 V tr nerv a var bot rneae 248296 | 65 260
113 |164 |VibS Vit nen a var boi reae 749023 [ 90 360
114 (174 |Vtb6 Vtrine v a var bot 1neae 406509 15 60
115 176 |Vib7 V tr nen a var bour neae 406510 | 25 100
116 |189 |Vtb8 V tr ner a var bourneae 349700 50 200
117 |195 |Vtb9 Vit enta var bot rneae 349704 10 40
118 (206 {Vtb10 |V tr nervia var bot rneae 349885 05 20
119 (277 |Vibll [V ir 1erv a var bo rneae 281163 ( 35 140
120 |290 |Vtbi2 |V tr nen a var boirr eae 280784 | 205 820
121 1311  |Vtb13 |V r nen a var bourneae 331442 | 00 00
122 1342 |Vtbl4 |Vitr ne a var bo rneae 372379 | 85 340
123 |345 |VtblS |Vt en a varbot neae 372406 | 90 360
124 {348 |Vtb16 |Vt ne~ a varbo neae 333605 | 110 44 0
125 (384 (Vtbl7 |Vt ne a varbo r eae 539792 35 140
126 385 |\tbl8 (Vi e~ a varboi neae 539793 00 00
127 (399 |VIbI9 |V e avarbo eae 550575 00 00
128 (302 Vit It nemavart ena 337486 | 00 00
129 (87 Vul Vga bellatava bellat 251439 ) 00 00
130 |88 Vu2 Vg a belata a bella 751440 | 150 600
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TCR [ Code IC Percent of
SI No No | for taxa Taxa Number Mean infestation
131 |89 Vu3 Vigna umbellata var umbellata | 251441 [ 00 00
132 |90 Vu4 Vigna wnbellata var umbellata | 251442 | 250 1000
133 |91 Vu5 Vigna umbellata var umbellata | 251443 | 250 100 0
134 192 Vub Vigna umbellata var umbellata | 251444 | 00 00
135 |93 Vu7 Vigna umbellata var umbellata | 251445 | 00 00
136 (94 Vu8 Vigna umbellata var umbellata | 251446 | 220 880
137 |95 Vu9 Vigna umbellata var umbellata | 251447 | 125 500
138 (204 [Vul0 |Vigna umbellata var umbellata | 349904 | 235 940
139 1298 |Vull |Vigna umbellata var umbellata | 324483 | 00 00
140 |18 Vugl  [Vigna umbellata var gracilis 251370 | 00 00
141 (330 |Vug2 |Vigna umbellata var gracilis 331618 [ 55 220
142 |331 |Vug3 Vigna umbellata var gracils 331621 10 40
143 [334 [Vugd |Vigna umbellata var gracils 331624 | 00 00
144 (208 [|Vunl |Vigna unguiculata 349906 | 190 760
145 (284 |Vun2 |Vigna unguiculata 298665 | 250 1000
146 |308 |Vun3 |Vigna unguiculata 331439 | 250 1000
147 1161 Vvl Vigna vexillata 248344 | 105 420
148 162 [Vv2 Vigna vexillata 248345 [ 00 00
149 169 [Vv3 Vigna vexillata 406507 | 130 520
150 217 |Vv4 Vigna vexillata 349723 | 90 360
Mean 218
SD 285
SE 23
CV (%) 1307
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Table 15 Pollen morphology of different taxa of Vigna

04

Exine
1IC Length | Width | thick Exine
Taxa Number | (mp) (mp) | ness Shape Sculptuning spines
(mp)
i‘;i‘;’leys’g"“ 277045 | 0042 | 0043 | 0005 |Circular | Micro reticulate | Minute
Vdalzelliana | 210555 0043 0042 | 0005 | Circular Micro reticulate | Minute
V glaberescens | 251372 0055 0057 | 0005 | Circular | Reticulate Minute
V haimana 331448 0036 0037 | 0004 | Curcular Micro reticulate | Minute
V kF andalensis | 406504 0048 0046 | 0005 | Circular Micro reticulate | Minute
V'n ngovar 253907 0043 0042 | 0004 | Circular Micro reticulate | Minute
sylvestr s
V pilosa 541389 0060 | 0061 | 0014 | Circular | Micro reticulate | Psilate
V rad ata 251422 | 0042 | 0042 | 0005 | Trangular | Micro reticulate | Minute
var ad ata
V radiata var 251419 0043 0042 | 0007 | Triangular | Micro reticulate | Minute
seti losa
Viad ata var 281165 0047 0047 | 0005 | Circular Micro ret culate | M nute
s thlobata
Vstp lacea 256259 0037 0037 | 0004 | Circular Micro reticulate | Psilate
V tr lobata 541215 0037 0041 | 0004 | Circular Micro ret culate | M nute
Virmerv a var 349885 0047 0044 | 0014 | Triangular | Micro ret culate | M nute
bou_ieae
tth ;’: ;"" VA 1337486 | 0050 | 0046 | 0012 | Triangular | M cro reticulate | M nute
Vimbellata 55141 | 0043 | 0046 | 0004 |Circular | Micro reticula e | M nute
var mbellata
Vimbellata 251370 0043 0046 | 0005 | Circular M cro reticulate | Minute
var g acilis
V ng calata | 298665 0087 0085 | 0014 | Triangular | M cro ret culate | Ech nate
V exllata 349723 0088 0088 | 0015 | Triangular | Scabrate Ech nate
Mean 0049 0049 0007
SD 0015 0015 0004
SE 0004 0003 0001
CV (%) 3061 3061 5714
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Plate 6a. Pollen morphology of different taxa of Vlgna
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(1C251372)

P.MUNQO var Sylvestris
(1C253907)

p.radiata var.setulosa
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V.radiata var.Sublobata
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Plate 6b. Pollen morphology of different taxa of Vlgna
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Vigna taxa were monods trizonoporate obtuse and convex The exine thickness of pollen
exhibited maximum vanability (57 14%) followed by width (30 61%) and length (30 61%) of
pollen The length of pollen grains ranged from 0 036 millimicrons to 0 088 millimicrons and
width from 0037 to 0 088 mullimicrons The thickness of the exine ranged from 0004 to
0 015 mull m crons The biggest pollen grams were observed i Vvexilata followed by
Vingriculata and the smallest in V harmana The exine was thin (0 004mp) m ¥V haimana
V trolobata V mingo var sylvestris V umbellata var 1 mbellata and V stip dacea and thick n
Vvexillata (0015my) Vungwcilata (0014my) and Vp losa (0 014mp) The shape of
pollen was ether circular or tnangular Vradiata varrad ata Vradiata var setilosa
V't inervia varbo nneae Viriner a vartr nervia Vunguiculata and Vvexillata were
having tniangular pollen gramns The sculpturing was micro reticulate 1 all taxa except
V glabrescens and Vvexillata In V glabresce s the sculpturing was reticulate and m
V vex llata 1t was scabrate The spines on exine were minute 1 all taxa but ech nate in
Vvex liata and V1 gt ct lata and ps late n ¥ prlosa and V stipt lacea
42  Biochemcal characterisation

Distinct vanants from each taxa were selected for b ochemical study The selected
access ons and their d stinct morphological features are detailed 1n Table 16 Out of the 33
accessions selected only 28 could be taken for sozyme study Five access ons Vms7 Vd5
Vd7 Vk and Vp belonging to 3 taxa namely Vs ibranar ana V acomtifol a and V mart a
could not be ncluded n the study as the leaf samples obtained were msuffic ent due to
delayed and staggered germnat on when compared with other access ons Twenty e ght
access ons were subjected o 1sozyme analyss vil perox dase (POX) aid poly phenol

ox dase (POP) ¢ 7yne The sta ned el represen ng the proenba ds vhel vee sed for
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Table 16 Accessions selected for biochemical characterisation

26

No of
S! No Taxa access ons | Access ons D st nct morpholog cal feature
selected
1 New V gna species 1 v No vanat on
2 V dalzell ana 5 vd3 Leaf w th wh te patch on upper s de primary leaf
pet ole purple
Vds Leaf w thout wh te patch on upper s de pnimary
leaf pet ole purple
vd7 Leaf w thout wh te patch on upper side pnmary
leaf pet ole green sh purple
Vd20 Leaf w h green patch on upper s de flowers pale
yellow
Vd21 Leaf w hout any patch flowers golden yellow
3 V glaberescens 1 Vg No vanat on
4 V ha n ana 1 Vho No vartat on
S ¥ khandalens s I Vk No vanation
6 Vm ngovarn go 2 Vmul Seed mo tled b ack
Vmu2 Seed black sh brown
7 ¥V m ngo var sylvestris 2 Vmsé H lum ength short (1 60mm)
Vms? H lum length med um (2 32mm)
8 Vplosa 1 Vp Nova aton
9 ¥ rad ata var rad ata 1 vr4 No vanat on
10 V ad ata vars bloba a 2 V s8 Leaf lobed
Vslo Leaf unlobed
11 Vrad ata varse losa l Vsel Nova a on
12 Vstp lacea 1 Vs2 Novana on
13 Virloba a 3 vi2 Primary leaf pet ole g een sh purple ¢ mb ng hab t
Vill Pnmary eaf pet ole green ¢l mb ng hab t
V12 Pnimary eaf pet ole green sh purple erect hab
14 Vir erviavarbo eae 3 Vtb7 Prnimary leaf pet ole g een sh purple pe ole green
leaves unlobed
Vtb8 Primary leaf pe ole purple pet o e g een sh purple
leaves shallowly lobed
Vblo Pnmary leaf pe ole and lcaf pe o e green sh purp e
leaves shal owly lobed
15 Vt ervavartr eva vt Nova a on
16 Vinbellaa 2 Vu3 Seeds | gh g cen shb own
Vu7 Seeds g een sh yellow
17 V nbellaavargracls 2 Vugl F owers golden yellow seeds mottled black
Vug3 F owe s pale yellow seeds black
18 V g claa 2 Vunl Seedco o b own
Vun2 Seed colo c eam
19 Vve llaa 1 VvV 4 Nova aton
To al 3




data seoring 1s presented in Plate 7 for POX and 1o Plate 8 for POP Twelve putative loci
were scored five for POX and seven for PPO Agglomerative h erarchical clustering was
performed on the Jaccard s similanty co efficient matnx utiizing the UPGMA method using
12 protein bands over the 28 accessions and the resulting dendrogram 1s presented 1n Figure
4 From the figure 4 1t can be seen that the 28 accessions could be grouped nto 4 clusters at

75 percent similanty The accessions mncluded in each cluster are represented m Table 17

049 062 05 087 00
Sm ar y Coeff en

Fig 4 Dendrogram based on 1sozyme markers

43  Molecular characterisation
431 ISSR analysis

All the 33 selected access ons | sted n Table 1> were subjected to ISSR analys s
using 10 ISSR primers All the 10 primers used 1 the study produced unamb guous markers

The ten ISSR prime s produced a total of 153 marke s across 33 genotypes and all were
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Plate 7. Isozyme marker profile of different taxa of Vlgna based on peroxidase enzyme

1 2 3 4 5 6 7 8 9 10 n 12 13 14
Vms6é Vt12 Vtb7 Vmu2 Vit Vug3 Vtll Vu3 V Vth8 Vrs8 Vu7 Vugl Vg

16 17 18 19 20 21 22 23 24 25 26 27 28
VtblO Vmul Vr4 Vun2 Vt2 Vh9 Vst2 Vd21 Vsel Vd3 VrslO Vunl Vv4

15
Vd20



Plate 8. Isozyme marker profile of different taxa of Vlgna based on poly phenol oxidase enzyme

1 2 3 4 5 6 7 8 9 10 n 12 13 14 15
Vms6 Vtl2 Vtb7 Vmu2 Vtt Vug3 Vtll Vu3 V Vth8 Vrs8 Vu7 Vugl vg Vd20

16 17 18 19 20 21 22 23 24 25 26 27 28
VtblO Vmul Vr4d Vun2 Vt2 Vh9 Vst2 Vd21 Vsel Vd3 VrslO Vunl Vv4



Table 17 Clustering pattern based on 1sozyme markers

SINo | Cluster No No of Code of accessions Taxa
accessions

1 1 10 Vms6 V mt ngo var sylvesris
Vugl Vug3 V 1 mbellata var gracilis
Vg V glabrescens
V2 Vtl2 V trilobata
Vrs8 V radiata var s tblobata
Vmul Vmu2 V mi ngo var mungo
Vun2 Vung: adata

2 II 9 Vit V trinervia var )y 1ervia
Vr4 V adwata var radiata
Vh9 V ha mana
Vd3 vd2l V dalzell ana
Vv4 Vvex llata
Vunl Ving 1ot lata
Vitll V't lobata
Vsel Vralata var set losa

3 111 4 Vb7 Vb8 V't newviavar bor eae
Vu3 Vi mbellata var 1 n bellata
Vdz20 Vdalzellia a

4 v 5 Yu7 vV nbellata
Vtb10 Vticvavarbo neae
v New Vig a species
Vst2 Vstp lacea

Vrsl0

V ad ta var st blobaia

a8



polymorphic The numbers of polymorphic bands obtamed with each of the pnimer are
furnished 1n Table 18 Among the primers used the primer UBC 842 produced the highest
number of fragments (23) while the pnmers UBC 813 and UBC 856 produced the lowest
number of fragments (10) The ISSR marker profile for the 33 Vigna genotypes generated by
the primers UBC 841 UBC 842 UBC 857 UBC 809 UBC 840 and UBC 810 are shown m
Plates 92 b ¢ d e and f respectively No band was observed for genotypes Vsel Vrs8 and

Vrs10 with any of the primers

Table 18 Polymorphic bands produced 1n 33 taxa of ¥2gna w th 10 ISSR pnimers

Sl No Primer code | Number of Number of polymorphic
markers markers

1 UBC 809 13 13
2 UBC 810 15 15
3 UBC 812 21 21
4 UBC 813 10 10
5 UBC 816 13 13
6 UBC 840 16 16
7 UBC 841 14 14
8 UBC 842 23 23
9 UBC 856 10 10
10 UBC 857 18 18

Tota 153 153
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Plate 9a. ISSR marker profile using primer UBC841
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Plate 9b. ISSR marker profile using primer UBC842
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Plate 9c. ISSR marker profile using primer UBC857
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Plate 9d. ISSR marker profile using primer UBC809
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432 Cluster analysis

Agglomerative hierarchuical clustering was performed by UPGMA method using
Jaccard s similanty co efficient matrix with the 153 polymorphic bands over 33 accessions
evaluated The resulting dendrogram 1s presented in Figure 5 These 33 accessions formed
12 clusters at 70 percent sumlanty level The 12 clusters along with the taxa included 1n each
cluster are presented 1n Table 19
4 4 Companision of different clustering patterns

The analysis based on qualitattve characters resulted 1n ten clusters and that based on
quantitative characters resulted in five clusters To find out the homology between these
clustering patterns the taxa wise distribution of accessions of each qualitative cluster were
worked out and presented 1n Table 20 From this table 1t can be seen that 86 67 percent of
accessions of the taxa Vradata var st blobata of qualitative cluster I were falling m
quantitative cluster I In the case of V radiata var seti losa V subramaniana and V radiata
var adiata belongu g to qualitat ve cluster I 83 33 100 00 and 85 71 percent of accessions
respectively were found to fall mto a single quantitative cluster (cluster IlI) Similarly
quat tative cluster II 100 00 and 94 74 percent of accessions of V tri7 ervia var trimervia and
V triervia var bourneae respectively fell in quantitative cluster V- Under qualitative cluster
111 100 00 percent of accessions of two taxa viz ¥ hanuana and the new Vigna species fell
n quantitative cluster II and 95 45 percent of accessions belonging to the taxa ¥ mungo var
sylvestris fell 1n quant tative cluster 11 The only two accessions of taxa ¥ n 1 ngo var mungo
fell 1n two different quantitative ch sters vz 11T and IV Tn qual tat ve cluster V' 100 00 and

92 31 percent of access ons belongng to J stp / ccae and ¥ t lob 11 fell n quantitative
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Fig 5 Dendrogram based on ISSR markers




Table 19 Clustering pattern based on molecular markers

SINo Cluster No of Code of accessions Taxa
No accessions

1 I 15 Vrs8 Vrsl0 V radiata var sublobata
Vsel V radiata var.setulosa
Vr4 V radiata var radiata
Vmsé Vms7 V mungo var sylvesris
Vd3 vd7 vd2l V dalzelliana
Vunl V unguiculata
Vug3 V umbellata var gracilis
Vmul V n ungo var 11 ngo
Vk V khandalensis
Vu3 V1 mbellata var 1 mbellata
Vv4 V vexillata

2 I 3 Vtb10 V trir erv a var bot rneae
vd5 vd20 V dalzelliana

3 111 3 V2 V trilobata
Vu7 V 1 mbellata var 1 n bellata
Vg V glabrescer s

4 v 1 Vugl V' nbellata var grac Iis

5 \' 2 Vill Vtl2 V trilobata
\4 New Vigna species

6 VI 2 Vmu2 Vnigovarn go

7 VII 1 Vho V haimiana

8 VIII 1 Vb8 Vi1 evavarbot rneae
Vit Vt evavart neva

? X 2 Vb7 Vtri erviavar boir eae

10 X 1 Vp V pilosa

11 X1 1 Vst2 Vstip lacea

12 XII 1 Vun2 V gt alata

b1
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Table 20 Homology between clustering pattern based on qualitat ve and quantitative characters

No of
Qualitative) No of Taxa accessions Quantitative clusters
cluster {accessions
taxa wise
1 11 II 1\ v
V radiata var sublobata 15 86 67 1333
I 31 V radiata var setulosa 6 16 67 8333
V subramaniana 3 100 00
V radiata var radiata 7 14 29 85171
Cluster members 48 39 51 61
I 20 V trinervia var bourneae 19 526 94 74
V tr nervia var trinervia 1 100 00
Cluster members 500 9500
V hamiana 10 100 00
V mungo var sylvestris 22 455 95 45
I 36 V mungo var mungo 2 5000 | 50 00
New Vigna species 1 100 00
V dalzelliana 1 100 00
Cluster members 556 | 3056 | 6111 | 278
v 1 V khandalens s 1 100 00
v 16 V stipulacea 3 100 00
Vtr lobata 13 9231 769
Cluster members 7500 | 2500
VI 1 V glab escens 1 100 00
V dalzelliana 20 8500 | 500 10 00
A% 35 V umbellata var 1 mbellata 11 100 00
V umbellata var gracilis 4 100 00
Cluster members 6000 | 286 3714
VIIL 1 Vacon tifol a 1 100 00
IX 7 Vvex llata 4 100 00
Vug clata 3 100 00
Cluster members 4286 | 5714
X 5 Vma i1ia 1 100 00
V pilosa 1 100 00
Cluster members 5000 5000




cluster 11 and 1 respectively When the qualitative cluster VII 1s considered 100 00 percent of
accessions belongmg to taxa ¥t mbellata var umbellata and V umbellata var gracilis of thus
cluster fell into quantitative cluster III and 1 respectively Nearly 85 00 percent of accessions
of the taxa V dalzelliana aga n belong ng to the same qualitative cluster fell i quantitative
cluster I Qualitative cluster IX comprised of two taxa namely V vexillata and ¥V unguiculata
and 100 00 percent accessions of both these taxa fell in quantitative cluster V and IV
respectively Similarly n the case of qual tative cluster X 10000 percent of accessions
belong ng to taxa ¥ marina and V prlosa fell in quantitat ve cluster II and IV respectively

The clusters IV VI and VIII formed based on qualitative characters comprised of
only one taxa each V khandalensis V glabrescens and V aconitifol a respect vely Each of
these taxa was represented by single accession only ¥V khanadalensis and ¥ glabrescens fell
n quantitat ve cluster IV and ¥ aconit folia fell 1in quantitative cluster II The taxa belonging
to each qualitative cluster and proport on of accessions n each taxa fallng in different
quantitat ve clusters are presented d agrammat cally in Figure 6

The mean standard dev at on (SD) and coeffc ent of vanation (CV) computed for
all the 24 quantitative characters of each of the quant tative clusters 1s presented in Table 21
When the vanability among the cluster members for each of the quantitat ve clusters were
revieved t vas observed that number of lobes of terminal leaflet yield per plant peduncle
length days to flowering and flower bud size were the most vanable characters n cluster 1
Number of lobes of term nal leaflet y eld per plant flower bud size and 100 seed we ght of
cluster members contributed for max num var ab | ty in clus er II In cluster III number of
lobes of term nal leaflet y eld per plan number of seeds per pod days to flowering and 100

seed ve ght weetle mos a able charace W 1 egard to cluster [V the most vanable
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Table 21 Summary statistics of quantitative characters mn different quantitative clusters

Cl aracter Chuster 1 Cluster 11 Cluster II Cluster IV Cluster V
Mean| SD (CV (%) Mean| SD |CV (%){ Mean | SD |CV (%)|Mean| SD |CV (%)| Mean | SD |[CV (%)
Primary leaf length (cm) 158|040 25502090661 3161 348 082 | 2367 | 495129 2604 | 212 | 068 3217
Pr nary leaf v dth (cm) 116|018) 1576 | 111 |023| 2060 140 | 026 | 1878 [ 188 ( 083 ] 4445 144 (023 ]| 1617
Jc 1 al petolulc length (cm] 161 | 03512162 | 166|043 | 2557 | 201 042 | 2087 [ 2771058 2095 | 200 {051 2571
Ter  nal leaflet leagth (cm) | 603 | 137 | 2265 704|238 3386 | 883 123 1392 |1230] 155 1257 871 | 131] 1499
Tor  al leaflet w dth (e n) 4991103]2069 519162 3115 6 89 132 11918 | 852 186] 2180 | 696 | 172 | 2479
Pe leleag hcn) 793271 (3422|633({223| 3519 | 925 | 236 [ 2547 [1641}1 507 | 3090 | 959 | 287 | 2988
D flo e-ng 76 61(3204{ 4183 |[6183]|2012| 3255 | 5282|1791 | 3391 [8033(3377| 4204 |10612|3033| 2858
[1 ¢ buds 2 (cn 2) 122049 4011 1076|069 | 9068 175 040 | 2280 [ 331 | 135| 4081 366 | 329 | 8968
Ba les ¢(1n) 16310603679 (1281 057 4496 | 279 041 1481 | 100|084 | 8402 | 252 | 087 | 3459
No of flo vers aceme 541 (1342484 | 411|178 4326 | 687 165 ] 2398 | 794 (302) 3800 | 428 | 068 | 1585
Length of keel pocket (mm) 28 1057|1978 133|069 5145 353 056 1579 [ 2781170 | 6119 | 284 [ 037 | 1317
Peduncle length (cm) 1372, 60314398 (0201417 | 4532 | 1167 289 | 2472 |1477| 642 | 4345 | 1785 520 | 2914
No of pods peduncle 3101068218283 {051| 1816 | 322 071 2215 | 447113713075 | 233 | 0521 2213
Pod leagth (cm) 4571057 1254|3901 |08 2097 | 463 122 | 2624 | 865|232 2679 | 641 | 175 2737
No of seeds pod 1045|155 1481 [ 773]1255] 3306 [ 1149 | 1067] 9291 [ 823 (198 2410 | 1186|303 | 2554
100 sced veig!t (L) 09310192060 093|084 | 90091 164 | 051 3135|1570 178 3127 143 | 034 | 2392
Sced length (inm) 2771030 10651264} 078) 2972 314 039 1244 | 643|112 | 1739 331 (053] 1603
Sced vdth(n ) 212102311106 |202|065| 3248 | 266 028 1035 | 386061 1584 | 264 | 038 | 1424
H lum length ( 1m) 1710241430 121|047 | 3879 192 | 052 | 2711 [ 309|059 1924 181 | 037 | 2037
Y el | plnt (g) 2980(1777] 5964 |1304|14 56| 111 60 | 121 79|237 76| 19522 |81 52161 76| 7576 | 38 61 {44 05| 11409
Days 10 emergence 947117011796 900(373| 4140 | 632 196 | 3104 | 400|211 | 5286 | 860 | 316| 3677
No of primary branches 361 [ 07512080333 (059 1782 | 284 | 079 | 2777 1239|1041 4341 300 [000]| 000
No of lobes of terminal leafle{ 218 ( 135} 6212|094} 163 {17216 032 | 093 | 29546 183|150 8209 | 228 | 131 | 5735
Days to f'rst pod maturity 9118(7893} 3173 |7894|7395] 5034 | 7608 | 1781 | 2341 |9639|3345| 3470 | 94 84 |28 94| 3052
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characters were bracteole size number of lobes of termunal leaflet yield per plant length of
keel pocket and days to emergence In cluster V the characters contnbutmg to maximum
vanability were yield per plant flower bud size number of lobes of terminal leaf let and
days to emergence

The range for various quantitative characters in each taxa of Vigna 1s presented 1n
Table 22 The weighted averages of various quantitative characters computed for each taxa
are presented 1n Table 23 Key characters for each taxa were dentified as those characters
which had a coefficient of vanat on of above 25 percent n the respective quantitative clusters
n which the accessions of the taxa were d stnbuted These key quantitative characters served
as a statistical key for distingu shing vanous taxa and are represented diagrammatically n
figures 7ato 7h

The key quantitative characters thus ident fied for taxa Vradiata va s blobata
belonging to qualitat ve cluster I and d stributed 1n quantitative cluster I and III were days to
flowering yield/plant peduncle length number of lobes of termunal leaflet flower bud size
and bracteole s ze S m larly key qua t tative characters for taxa V' adiata var setulosa and
V radiata var radrara belong ng to qualitative cluster I and distributed in quant tat ve clusters
IIT and I were number of lobes of term nal leaflet yield/plant number of seeds/pod days to
flower ng 100 seed we ght and days to emergence The key quant tative characters for taxa
Vs b anana a of qual tative cluster I and belonging to quantitative cluster I1I were also
number of lobes of termunal leaflet yield/plant number of seeds pod days to flowering 100
seed we ght and days to emergence

The key quant tative characters dentified for taxa V¢ eva a et a and

V e virbo e eofqualtat ccluse [Idsinb ed nquint a vecluser Vand V
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Table 22 Range for various quant tative characters n different taxa

Chn acters Vdalzell ana |Vianana |V mungo Vmungo var |Vradiata |Vradata |Vradiata |V stipulaceae
var ntngo sylvestris var radiata [var var setulos
sublobata |a

D v oenecrgence 8001300 | 6002000 300 3001400 [3001100]6001100] 600800 800900
! y 1 1t length (cm) 115197 140 290 443530 205377 25560 | 100283 | 203457 090145
P yle t wdth(cn) 095167 070130 093167 080170 120197 | 060160 | 093133 073110
Ter 1 nal petiolule length (cm) 110297 150270 273280 107230 | 183307 | 1532271180263 080147
No of lobes of terminal leaflet | 000 3 00 000 000 000 000300 ) 000300 000 300
Term al leaflet length (cm) 1371113 | 6001200 | 9971083 | 6871063 |6971230|5461017)6371017| 210440
Te 1nal leaflet vidth (cm) 361000 260733 817820 417713 533920 | 527957 [ 560970 193410
Petiole length (cm) 5071567 | 4501400 | 12001500 | 6501200 |7901243|5971667]6201000| 373553
No tpriayba ches 300500 300400 200 200300 | 200400 3040 300400 300500
Day to flo ver ¢ 5300 148 00| 4500 7500|8600 127 00 42 00 126 00|33 00 63 00|39 00 67 00{37 00 62 00| 48 00 8500
Flo ver bud s ze (cn’) 042192 040 064 165 110224 110272 | 045240 | 120255 063070
Bracteole s 2e (nm) 1 00 100 300 300 200 200 300 200
No of flowers raceme 300 600 300800 500 6 00 5001000] 400900 | 600900 300500
Length of keel pocket (mm) 300 100 2 00 400 300 300 300 200
Peduncle length (cm) 7331640 | 5201850 | 14001500 | 6971967 11901850/ 5671733 (8501540 567783
No of pods peduncle 200300 200 3 00 000 300 300700 | 300400 | 300400 300
Days to { rst pod matunty 6800171 00[63009200] 44009500 | 7500 99 00 |48 00 83 0056 00 89 00{50 00 96 00| 66 00 76 00
Pod length {cm) 334522 312536 390424 290404 | 486668 | 400536 | 370714 246 382
No ofseeds pod 7001140 [ 8201140 | 560620 580960 |9201260| 920134 | 1000148] 620800
100 seed ve ght (g) 068129 049 085 283456 080285 171313 [ 067132 ]| 082171 045103
Seed length (mm) 239326 203 2 60 397494 287392 294390242301 | 237353 210275
Seed width (mm) 170283 152208 283 367 232322 | 218324195267 211287 181192
Hilum length (mm) 107216 083123 241341 160 282 148250 | 113239 | 123167 106118
Yield plait (g) 2008752 | 0522348 |60 70 1262925 30 1090 00[4 50 471 001599 70 63|16 72 63 09| 150 16 00
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Table 22 cont nued

Cla acters V subraman ana |V tr lobata |V trnerva |V umbellata |V umbellata |V unguiculata |V vexillata
var var 1 mbellata |var gracilis
bour 1eae

Days to L ge ce 6 00 €001100] 3001900 300800 8001100 230300 8001100
P mary leaf le1gth (cm) 760410 093153 140253 320640 117183 380673 270383
Primary leat w dth (cm) 133200 083123 100190 080170 097130 247390 107153
Term nal petiolule length (cm) 183207 113187 110290 207373 113130 277317 110187
No of lobes of term nal leaflet 000 300 000300 300 000 000 0 00
Term nal leaflet length (cm) 757 837 330510 [ 6971067 | 10671367 | 590717 | 10971347 | 667743
Term nal leaflet widtl (cm) 657 850 303517 | 507947 633 983 363410 700933 367 500
Petiole length (c 1) 567 693 5331067| 5501383 | 12672367 35633 12171533 | 433750
No of pr mary branches 400 300 300 200 300 300 300
Days to flowenng 39004500 [4500 5500[5700 141 00| 4500 8700 |51006900]| 48009800 | 6800 7500
Flo ver bud s ze (cm ) 176270 040090 | 143340 195380 110180 552575 660 1258
Bracteole size ( nn) 300 ? 00 300 100 100 000 100
No of flowers race ne 900 400500 400 800 400 400 400 6 00
Length of keel pocket {(mm) 300 200 300 400 400 000 200
Peduncle length (cm) 9001117 1533 3933] 857 3033 9001867 | 9671200 | 1367 1560 [ 1333 1850
No of pods peduicle 300 300 000 500 200 200 2 00
Days to f'rst pod maturnity 68007100 [62008000]61001190] 620010200 |71009600| 610011300 {8600 103 00
Pod length (cm) 6 08 6 64 476534 | 460620 5601110 488 590 1181246 | 7801194
No of seeds pod 10 60 14 40 1401260 [ 980 1420 580960 10201120 1061200 1220 186
100 seed we gh (¢) 135157 075088 | 067231 457753 095127 4281134 106183
Seed length (mm) 260 2 87 235258 | 258364 592 832 2933091 548 744 418 484
Seed w dth (mm) 220251 189192 | 202336 284433 195243 350555 252302
H lum length (mm) 080100 120164 | 128263 278 404 114176 225361 203218
Y eld plant () 14 60 33 99 9793309 |551 16108 | 4336 19141 | 18492223 24245570 | 147 1267




Table 23 We ghted averages of various quant tat ve characters i d fferent taxa Table 23 ¢
lax Pr mary | Pr mary | Ternunal | Termunal | Termmal | Pet ole | Daysto | Flower | Bracteole| No of | Length |Peduncle| No of

leaf leaf | petiolule | leaflet | leaflet | length ﬂowenng“ bud size|s ze (mm)| flowers/ | ofkeel | length pods/

length | wdth | length length width {cm) (cm?) raceme!’ | pocket (cm) | peduncle

(cm) | (cm) (cm) (cm) (cm) (mm)
New ¥ gna spec es 217 110 150 867 2 80 6 60 5500 165 200 800 200 8 00 300
Vacon fola 330 100 157 570 553 687 84 00 030 200 400 100 340 300
Vilel na 153 127 169 715 544 937 111 00 113 100 500 300 10 49 300
V glabe cscens 287 220 273 14 83 1147 | 2633 8300 2 50 100 800 200 3700 700
Vianana 227 108 1 84 831 596 679 5500 049 100 400 100 10 65 300
Vil dalen 373 193 170 13 43 12 67 10 10 15500 182 300 1500 200 17 40 500
J na 270 160 210 757 620 663 12700 324 000 100 000 360 100
V. govan go 487 130 277 10 40 819 13 50 107 00 165 300 500 200 14 50 300
I'n govr yve 316 141 177 850 603 895 60 00 174 300 6 00 400 10 94 300
Vpl a 315 265 163 847 530 643 168 00 552 000 1500 000 6 50 300
V lata al ta 412 151 243 974 7 69 1001 40 00 164 200 8 00 300 14 34 500
V 0@laava ! obaa 194 114 1 88 649 611 8 20 58 00 165 200 8 00 300 11 69 400
V lfatava ¢ losa 347 114 204 829 7 60 768 50 00 167 300 900 300 1163 400
15} lacea 121 094 110 338 337 45] 66 00 065 200 400 200 677 300
V lrama a a 329 161 197 798 737 617 4200 223 300 9 00 300 1033 300
V' lobaa 121 108 148 420 400 767 5300 073 200 500 200 2173 300
Vir en avarbo neac 101 146 202 8 86 728 995 106 00 236 300 400 300 18 87 300
Vir ervava rneva 1 60 130 197 940 790 1333 149 00 340 300 400 300 16 50 500
Vu bellaava bellaa 525 139 291 12 56 8 21 1791 69 00 285 100 8 00 400 1327 500
V mbellat va grcls 151 113 119 627 397 443 59 00 133 100 400 400 10 67 200
Vungu c lata 574 335 301 11 88 8 48 13 50 66 00 560 000 400 0 00 14 62 200
V exllat 343 139 162 720 430 625 7100 10 57 100 500 200 1538 200

§ rounded off 0 he next nteger
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ont nued

rounded off o he next n

Taxa Pod No of | 100seed | Seed Seed Hlum | Yield/ Days to No of No of | Daysto
length | seeds |we ght (g) | length | width | length [plant(g)|emergence| primary | lobesof | first pod
(cm) pod! (mm) | (mm) (mm) branches | termunal | matunty!
leaflet”
Nev Vg «a speces 350 900 054 233 175 106 2075 11 00 400 000 7700
P aco fola 560 400 200 416 208 158 028 300 400 500 102 00
Vd el na 4 28 10 00 095 283 209 172 34 38 11 00 366 300 12200
Fglab  sen 770 1000 317 431 308 251 21112 700 600 000 96 00
Vi ana 390 1000 06l 229 182 099 10 54 10 00 310 000 7200
VA nd le 570 10 00 410 440 346 152 281 400 100 000 170 00
330 400 400 512 455 289 020 1100 300 0 00 166 00
{ van g 407 600 370 446 326 291 93 50 300 200 000 120 00
L va vyl 375 800 156 314 272 222 169 99 700 245 000 83 00
850 1000 600 595 446 254 042 800 300 000 184 00
a al 590 1100 219 353 275 183 80 98 600 2 86 200 5700
! v ! lata 444 1100 090 263 225 177 3983 900 303 200 7747
va lo a 536 1300 121 285 243 142 3419 700 383 000 68 00
| a 319 700 076 247 188 113 660 900 367 300 7200
J a 638 1300 146 274 234 090 23 96 600 400 000 7000
] 0 aa 517 12 G0 086 267 200 152 1816 900 3131 300 71 00
Vr va fo eac 580 12 00 142 310 262 178 4596 900 300 284 84 00
V nerva var e-va 620 1300 135 340 273 199 16 30 1100 300 300 169 00
V mbellaa var b llata 849 800 585 703 379 332 92 85 400 200 300 8700
V mbcllata va g c¢ls 525 1100 110 i 225 153 2111 11 00 300 000 80 00
V ng culaa 1205 1200 683 629 4 40 291 3510 300 300 000 8100
Vel a 977 1200 148 437 264 208 692 900 300 000 9500
1
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as well as I respectively were yield per plant flower bud size number of lobes of terrninal
leaflet days to emergence and bracteole size In the case of taxa ¥ hainiana and the new
Vigna species of quahtative cluster III and falling m quantitative cluster II alone the key
quantitative characters 1dentified were number of lobes of terrunal leaflet yield/plant 100
seed weight flower bud size length of keel pocket and peduncle length Similarly in the
same qualitattve cluster the key quantitat ve characters for the taxa ¥V mungo var sylvestris
distributed 1n quant tative cluster Il and I are number of lobes of termunal leaflet yield/plant
number of seeds/pod days to flowering 100 seed weight and days to emergence The key
quantitative characters for the taxa ¥ wingo varmingoe of qualitative cluster III and
distributed 1n quantitative clusters III and IV are number of lobes of termunal leaflet
yield/plant days to emergence and length of keel pocket

The key quantitative characters ident fied for the taxa ¥ st pr laceae of cluster V
falling n quantitative cluster II are number of lobes of terminal leaflet y eld/plant 100 seed
weight flower bud s ze length of keel pocket and peduncle length and that of V¢ lobata
distr buted n quantitat ve cluster 1 and II were days to flowenng yield/plant peduncle
length number of lobes of term nal leaflet flower bud sze and bracteole s ze Under
qual tative cluster VII the key quant tative characters ident fed for the taxa ¥ dalzellia a
and ¥V n bellata var grac ! s falling in quant tat ve clusters I as well as Il and I respectively
were days to flowering yield plant peduncle length number of lobes of terminal leaflet
flower bud s ze and bracteole size and for that of taxa ¥ bellata var mbellata falling 1n
quant tative cluster III vere number of lobes of term nal leaflet yield/plant number of

seeds pod days o flower1g 100 seed we gh and days to emergence
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The key quantitative characters identified for the taxa Vvexillata coming under
qualitative cluster IX and falling in quantitative cluster V are yield per plant flower bud s ze
number of lobes of termunal leaflet days to emergence and bracteole size For the taxa
V1 ng1 1culata of qualitative cluster IX and belonging to quantitative cluster IV are bracteole
size number of lobes of terminal leaflet yield/plant length of keel pocket days to
emergence and primary leaf width

The key quantitative characters identified for the taxa wviz V¥ khandalensis
V glabrescens V aconotifolia V n ar na and V prlosa which are represented by one accession
each are the characters which showed the maximum coefficient of variat on 1n the respective
quantitative clusters in which the taxa are d stributed

The percent distribution of accessions belonging to different qualitative clusters to
vanous 1sozyme and molecular clusters obta ned 1s presented n Tables 24 and 25
respectively The distnbution of selected access ons mn the correspond ng quant tative
clusters 1s also mentioned 1n the table n parenthesis As only dist nct morpholog cal var ants
belong ng to different taxa were cons dered for 1sozyme and molecular study compar son
w th respect to quant tative and qual tative characters may be madequate

When clustering based on qual tative and 1sozyme markers are compared t was found
that the accessions of taxa ¥ radiata vars blobata fell into two dist nct clusters (I and IV
respectively) S mularly the access ons of Ftriiervia var bo irneae were found to be
d stributed 1n clusters III and IV formed based on sozyme markers S mularly t! e accessions
belong ng to V¢ tlobata Vdalzell a a and Virg ctlara were found to be d stnbuted n
d fferent cluse s based on sozyme markers However the accessons of V'  go

var go V. bell va g acls vere fall ng nto s ngle sozyme cluster cluster I
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Table 24 Homology between clustering pattern based on qual ta ve quantitative and sozyme markers

lust
No of No of Isozyme clusters
Qual tative|Total no of]
Taxa access ons | access ons
cluster No | access ons I I m v
taxa wise | selected
Percent distribution
5000 5000
V radiata var st blobata 15 2
(QChH (QCn
100 00
1 3] V radiata var setulosa 6 1 (QCI)
V si bramamana 3
100 00
V rad ata var rad ata 7 1
(QCIIM
Cluster members 2500 50 00 2500
6666 | 3333
V trinervia var bo rneae 19 3
(QCV) | (QCV)
I 20
V trinerv a var tr nervia 1 1 100 00
(QCV)
Cluster members 2500 | 5000 ] 2500
100 00
VIamana 10 1
(QCI
100 00
V'm ngo var sylvestr s 22 1
Bo Y (QCI
it 16 100 00
Vr ungo varm ngo 2 2 (QCIII &
v)
100 00
Ne v V gna spec es 1 1
e QcIm
Vdaizell a a 1
Cluster members 60 00 20 00 2000
v 1 Vil andaler s s 1
Vstp lacea 3 1 100 00
v 16 (QCIm
66 66 3333
Vr lobata 13 3
QCn | (QCn %
Cluster me nbers 50 00 25 00 2500
100 00
VI I V glab escens 1 1
g (QCIV)
66 66
Vdalzell a a 20 3 Qcrg 323
v |@cn
VII 35 5000 | 5000
V' bellata var  bellata 11 2 (QCIV
CIV{ (Qcv)
100 00
I bellaa va gac s 4 7
(QCh)
Clus er membe s 28 57 2857 {2857 1429
vih [ 1 liaco plc i
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No of No of Isozyme clusters
Qual tative{Total no of]
Taxa accessions | accessions
cluster No | access ons I )i m
taxa wise | selected
Percent d stribution
V vexillata 4 1 (18?33(;
X 7 5000 | 5000
V ungu culata 3 2
il @Qcv) | @cv)
Cluster members 3333 66 66
V mar na 1
2
X V pilosa 1

QC Quantitative cluster



Table 25 Homology between clustering

pattern based on qualitat ve quant tat ve and molecular markers

Toal o No of
Ql N"‘ of Taxa access ons| | 1l m | w | v ]| vi|vo|vmo| x XI | XU
© laccess o s taxa w se
3 V rad ata var sublobata 15(2) l((())OC(;;)
100 00
Vralaa varsetulosa 6(1
® |qem
V subraman ana 3
100 00
V rad ata var rad ata 71
| qcm
Cluste members 100 00
It 20 V r nerv a var bournead 19 (3) (303\(1)) (32303‘(1)) (::)303\(1))
100 00
V r nerv a vartr nerva 1(1
) Qcv)
Clus e mnembe s 2500 2500 | 5000
10000
11} 36 Vh 10
anana 0] (OCID
5000 50 00
V mungo var ylestr s 22(2
go var y @ | cm QCID
5000 5000
Vm ngo var mungo 22
g g @ | @cm (QCIv)
100 00
New V gna spec es 1
gna sp M QCID
V dalzell ana 1
Cluster members 3333 3333 | 3333
100 00
v 1 V khandalens s 1(1
M | av)
100 00
\Y 16 Vst pul 31
st pulacea (9] (OCT)
3333 66 66
Vr lobata 1333
©) @y (QCD
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Table 25 Homology between cluster ng

pattern based on qual tat ve quant tative and molecular markers

o o Toal o No of
| a N f Taxa access ons 1 1I 111 v v Vi vi via X X X1 XII
oS iKce 0S8 taxa w se
Clus ¢ be s 2500 5000 2500
100 00
VI 1 V glabrescens 1(1) (QCIvV
b
60 00
VII 35 V lalzell ana 20(5) |[(QCI& 4000
(QCY
V)
5000
5000
V mbellata var mbellal 11 (2
" @ |@cv) Qcrv
50 00 50 00
V' mbellata var grac | s 42
8 @ | «@cy QCD
Cluster members 5556 | 2222 J1111 | 1111
VIII 1 Vacon t fol a 1
100 00
IX 7 Vvex liata 41
D v
50 00 5000
V' ngu culata 32
g 2 (QCIV) (QCIV)
Cluster members 66 66 3333
X 2 Vnar a 1
100 00
Vplosa 1(1
Cluster members 100 00

F gu es nthe pa enthes s nd acate the number of access ons selected for molecular charcter sat on

QC Quant tat ve clus er
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At molecular level clustering 1t was seen that the accessions of taxa Vradiata
var s thlobaia are belonging to the same molecular cluster However 1n the case of
Virinervia var boirneae V mungo varsylvestris Vmungo varmunge V't ilobata
Vdalzelhana V1 mbellata var umbellata V umbellata var gracilis and V ungurct lata the
accessions belonging to the same taxa were found to distmbuted in d fferent clusters at
molecular level

When the distribution of selected accessions 1n the clusters formed based on 1s0zyme
molecular and quantitative characters vere compared t was seen that accessions of same
taxa which fell n same clusters based on 1sozyme and molecular markers fell 1n d fferent
clusters based on quantitative characters and vice versa Thus the accessions belonging to
taxa Vi mbellata var 1 mbellata and V' ngtici lata fell in different clusters formed based on
1sozyme markers but fell in same quant tative clusters S milarly accessions belonging to taxa
V mingo var mingo and Vdal elliana fell n same cluster that formed based on 1sozyme
markers but n different quantitat ve clusters

When the distribution of access ons 11 the clusters formed based on molecular
markers were compared vth d stribut on of the same 1n quantitat ve clusters accessions
belong ng to e ght taxa namely V¢ ervia varbor eae Vnmi go varsylvestrs Vmiigo
var ngo Virlobata Vdalzellia a Vimbellata var 1 bellata Vimbellata var g ac lis
and ¥V g ¢ lata fell in same quantitative clusters but i different clusters based on
molecular markers

It vas also seen that the selected access ons belong ng to a s ngle taxa fell ns1gle
cluste based on 1sozyme mnarkers but n two or three d fferent clusters formed based on

nolecular narkers Thus leaccesso sbelong g o hetaxaV b llaavarg cclsfell n
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The relative position observed in the scale of variation of each character is specificallv ear marked
with a few exceptions where the characters are redundant.

Fig.7a. Key quantitative characters ofdifferent taxa in qualitative cluster 1
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The relative position observed in the scale of variation of each character is specifically ear marked
with a few exceptions where the characters are redundant.

Fig.7h. Key quantitative characters ofdifferent taxa in qualitative cluster 1
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The relative position observed in the scale of variation ofeach character is specifically ear marked with a
few exceptions where the characters are redundant.

Fig.7c. Key quantitative characters ofdifferent taxa in qualitative cluster Il



The relative position observed in the seale of variation ofeach character is specifically car marked with a
Jew exceptions where the characters are redundant,

Fig.7d. Key quantitative characters of different taxa in qualitative cluster Ill
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Fig.7e. Key quantitative characters ofdifferent taxa in qualitative cluster 11



| he relative position observed in the scale ofvariation ofeach character is specifically ear marked with a
few exceptions where the characters are redundant.

Fig.7f. Key quantitative characters of different taxa in qualitative cluster V
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s ngle cluster basud 01 1s0zyme markers and quantitative characters but i two different
clusters based on molecular markers Simularly accessions of the taxa ¥ radiata var.sublobata
fell m single cluster based on molecular markers and quantitative characters but in two
different clusters based on 1sozyme markers

Another notable deviation observed was that accessions belonging to the taxa
Vmungo varm go fell i single cluster based on 1sozyme markers but in different
guantitat ve clusters Sumular trend was observed 1n the case of Vdalzelliana Here the
accesstons fell m sane cluster based on 1sozyme and molecular markers but in different
clusters formed basced on quantrtative characters
4> Kev for identification of taxa

Bascd on the morphological biochemical and molecular characters the
following ke for dentification of Vigna species was developed In the key after the
morphologicnl characters the data on biochemucal and molecular characters are provided for
cach of the spec s numerals which represents the number of polymorphic bands obtained
The h ghest nu be of bands were obtamed with peroxidase and UBC842 and hence taken
for preparat o1 o1 | vy The first figure indicates the number of bands obtained n brochemical
charactenizat on b peroxidase 1sozymes and the second by molecular charactenzation with
pnimer UBC842 The charactenstic features of 22 taxa of Vigna are presented 1n Plates 10 to
31
1 Primary leaf attachment petiolate germination hypogeal

71 Prninary leaf ovate lanceolate leaf unlobed or shallowly lobed keel

pocket bracteole and ligule absent stipule basifixed
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3a Flower blue lilac pod densely pubescent anl well

developed hilum concave leaf ovate lanceolate and not

round 0 § V ptlosa

3b Flowers yellow pod glabrescent amnl not well
developed hilum plamn leaf round fleshy 0 0

- V marma

2b Primary leaf lanceolate leaf cordate or ovate leaf lobed or shallowly
lobed keel pocket bracteole and ligule present stipule peltate

4a Plant spread ng leaves deeply lobed stem and pod

pubescent 0 0 V acomtifolia

4b Plant erect leaf unlobed stem and pod glabrescent 8

3 - V glabrescens

5a Pod attachment pendent stem and pod glabrescent or sparsely

pubescent bracteole minute (<0 Smm)

6a Leaf ornamentation either green or white patch present
leaf lobed
7a Leaf shallowly lobed 7 9 Vdalzellia a

7b Leaf deeply lobed presence of pinkish tinge on
mature pod aril well developed 2 8
Vstp lacea
6b Leaf ornamentation absent leaf unlobed
8a H lum concave ar 1 not well developed9 4
Vi bellata var grac | s
8 Hlumconvex ar]well developed 4 4
Vimbellata var 1 n bellata
5b Pod attachment horizontal stem and pod densely pubescent bracteole
small (0 6 1 Omm) to med um (>1 Omm)
9a Presence of white patch on leaf dense brown short ha r
on sten and pod seed rectangular 7 7

Vt en varbo ee

18



1b

9% Absence of white patch on leaf dense brown long hair
on stem and pod seed oblong 6 6
V trinervia var trinervia
Primary leaf attachment sub sess le germmation epigeal
10a  Stipule lanceolate anl well developed
1la  Plant not climbing

12a Plants tall erect stipule large 0 1

V khandalens s
12b Plants not tall procumbent stipule medium 8
2 V mungo var mt ngo
I[1b  Plant climbing
13a Flower golden yellow keel pocket long seed
round 8 2 V mungo var sylvestris
13b Flower greenish yellow keel pocket med um

seed rectangular 6 0V rad ata var set losa
10b  Stipule ovate aril not well developed
14a  Flower yellow keel pocket minute (<0 lmm) pod
glabrescent leaf densely pubescent 7 7
Vhamaia
14b Flower green sh yellow or pale yellow keel
pocket med um (02 03mm) pod moderately
pubescent
15a  Planterec seed rectangular 7 2
V rad ata var rad ata
15b  Plant chimbing
16a  Bracteole lanceolate peduncle
glabrescent pod  attachment
horizontal pendent absence of

d stnct p nk spot on the tp of
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16b

young pod 0 0

V subramamana
Bracteole  ovate peduncle
moderately  pubescent pod
attachment honzontal distinct
pik spot on the tip of young
pod 9 0 -

--  Vradata var s1 blobata

17a  Germinat on hypogeal primary leaf attachment sub sessile & 26 Vvexillata

17b  Germination epigeal primary leaf attachment petiolate

18a  Flower violet pod long anl well developed 8 8

V unguci lata

18b  Flower yellow pod short anl not well developed

19a  Prmary leaf cordate with cuneate tip leaves

ovate shallow to deeply lobed 9 8

Vit lobata

19b  Pnmary leaf ovate lanceolate leaves ovate

lanceolate unlobed 4 3 Vigna spec es 1ova
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Plate 10. V.pil0sa

a. Plant habit
b. Primary leaf
c. Seeds



plate 11 V.Mmarina

a. Plant habit
b. Dry pod

c. Seed

d. Mature pod



plate 12. V. aconitifolia

a. Plant habit
b. Primary leaf
c. Seed



plate 13. V. glabrescens

a. Plant habit
b. Seed
c. Dry pod



plate 14. V.0alzelliana

. Plant habit

. Primary leaf

. Flower

. Immature pods

. Dry pods

Variability in seeds of different accessions

~h D O 0O T o



plate 15. V.Stipulaceae

. Plant habit

. Primary leaf

. Flower

. Leaf ornamentation

. Dry pods

Variability in seeds of different accessions

D0 0 T Qo



e

Plate 16. V. UMbellata var. gracilis

a. Plant habit

b. Primary leaf
c. Flower

d. Immature pod
e. Dry pods

f. Seed



plate 17. V.{riNErvia var. hourneae

Plant habit

. Primary leaf

Immature pod

Variability in seeds of different accessions
. Flower

Dry pods

- 0 o o o



plate 18. V.trinervia var.trinervia

a. Plant habit
b. Primary leaf
c. Seeds



plate 19. V.Umbellata var.umbellata

. Plant habit

. Primary leaf

. Flower

. Immature pod

. Dry pods

Seed variability of different accessions

h D O 0O T o



Plate 20. Vlgna species nova

. Plant habit
Immature pod
. Dry pod

. Seed

o]

o o o



plate 21. VV.khandalensis

a. Plant habit
b. Leaf



plate 22. \. MUNGO var.MUNGO

a. Plant habit

b. Primary leaf

¢c. Immature pods

d. Variability in seeds of different accessions



d
Plate 23. V.MUNGO var.SYIVestris

. Plant habit
. Primary leaf
Immature pods
. Variability in seeds of different accessions

. Dry pods

® 00 -



d
Plate 24. V.radiata var.setulosa

a. Plant habit

b. Primary leaf

c. Dry pods

d. Variability in seeds of different accessions



plate 25. V. hainiana

a. Plant habit

b. Primary leaf

c. Immature pods

d. Flower

e. Dry pods

f. Variability in seeds of different accessions



plate 26. V.radiata var.radiata

a. Plant habit

b. Primary leaf

c. Dry pods

d. Variability in seeds of different accessions



plate 27. V.SUbramaniana

a. Plant habit
b. Primary leaf



plate 28. V.radiata may.sublobata

a. Plant habit

b. Primary leaf

¢. Immature pods

d. Leaf variability

e. Mature pod

t. Variability in seeds of different accessions



plate 29. V. vexillata

a. Plant habit
b. Primary leaf
c. Flower
d. Dry pods
e. Variability in seeds of different accessions



Plate 30. V.UNQuiculata

a. Primary leaf
b. Dry pods
e. Variability in seeds of different accessions



plate 31. V.trilobata

a
b
c.
d
e

. Plant habit
. Primary leaf

Immature pods

. Variability in seeds of different accessions
. Dry pods
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5 Discussion

The genus Vigna 1s one of the largest groups 1n leguminoseae The three major pulse
crops grown 1n Ind a namely green gram black gram and cowpea belong to this genus The
other munor pulses cultivated in India belonging to this genus are jungle bean nce bean and
moth bean The wild species of these pulses are also found to occur 1n India (Arora 1985)
Though several authors have reported the occurrence of wild species a consohdated list of
Vigna species occurring in India and the taxonomical identity of some spectes are still
confusing Hence morphological characterisation combwned with biochem cal and molecular
characterisation was done to 1dentify the different species and also to understand the spec es
relationshipsmm ¥V g a
51 Morphological characterisation

The 150 access ons of Vigr a species were evaluated based on various qual tat ve and
quantitative characters Var ability was observed among the 150 accessions in various
qualitative morpholog cal characters Based on these qual tative characters the accessions
were regrouped mto 22 taxa Of the 22 taxa | sted 17 taxa compnsing of 140 accessions
belonged to sub genus Ceratotrop s or Asiat c Vigna The rema ning five taxa compns ng of
10 accessions belonged to sub genus Vigna and Plectot op s (Table 8)

Depending on the germination behaviour and the nature of attachment of primary
leaves the 22 taxa of V' g a were class fied nto four d fferent types They were (Plates 1a to
1c)

Type A Epigeal and pet olate

Type B Ep geal and sub sessile
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Type C Hypogeal and petiolate
Type D Hypogeal and sub sessile

The seedling characters were specific for different sections 1n sub genus
Ceratotropts The taxa belonging to section Acomtifoliae exibited type A and type C
characters The eight taxa coming under the sect on Ceratotropis showed type B nature All
the taxa under section Angulares exhib ted type C nature The taxa belonging to sub genus
Vig a exhib ted type A and type C nature The only species which showed type D nature was
Vvexillata which belonged to the sub genus Plectotropis Baudomn and Marechal (1988)
Tomooka et al (2003) and Bisht et al (2005) had also reported the classification of Asiatic
Vig a species based on seedling characterist cs The new Vigna taxa showed Type A nature
as 1n the case of taxa belong ng to Acomtifoliae section But this accession differed from
other taxa of Aco ¢ foliae sect on n glossy and unlobed nature of leaves glabrescent plant
type and pod characters

Morpholog cal evaluation revealed tt at ornamentat on on surface of leaf was also a
distir ¢ character for different at ng species or different var et es witl n the same species
Ornamentation of the leaf helped to d fferentiate V st pt laceaea from Vtr lobata Vir erva
var bo mneae from V trmmerv a var tr ne v a and Vdalzell a a from V1 bellata

Attachment of stipule was peltate n all the taxa belonging to sub genus Cerator op s
but bas fixed 1n all the taxa belonging to other sub genera Sim larly the flower colour ranged
from yellow to shades of yellow 1n all the members of sub genus Ce atotrop s Baudo n and
Ma echal (1988) Tomooka et { (2003) and Bisht ez #/ (?005) also reported pelitate stipule

and yellow flowers n Asiatic ¥ g a taxa
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AN 1l 24 quant tative characters evaluated exhub ted high coefficient of variation
ndca g the m erse variability available 1n these taxa with respect to these characters
{Table 10) Chougl here was no significant vanability 1n the length of keel pocket the
presence 1 abscice of keel pocket played an important role in distinguishing the d:fferent
taxa nuuded n h s dy (Plate 5) The keel pocket was absent 1n all the taxa belonging to
sub genus J gne Ho ever i ¥V vexillata belonging to the section Plectotropis a minute keel
pochc vas obserncd The keel pocket was promnent m all the species belonging to sub
genus Ce vz The presence of keel pocket as a key morpholog cal character for Asiat ¢
Vg awa asa le or bed by Tateishi and Ohashi (1990) and Tomooka et a/ (2003)
511 Lliser alysis based on qualitative characters

Cluster a al ss based on 47 qualitat ve characters revealed that the access ons

blngn, t 27 axa fell nto 10 different clusters at 60 percent similarity The taxa

belongng, o Ce op s sect on of sub genus Ce atot op s were found to fall nto three
ds ¢l cluster I Il and IV The accessions belonging to ¥ adiata var ad ala
I o a a bl V ad atavarsetilosaand Vs ba a a werefallng ncluser!

Tlcace sc¢ sb long ngto Vhamiana Vm ngovarm: go Vm go var sylvestris and the
nev Vg pe s vere fallng n cluster Il ¥V kha dale s s alone was found to fall n
cluse I (T bl 11) The taxa within each cluster were closely related The new Vig a
s} t  C totops group and was found to be more closely related to m: ngo
o ex an adati Vil a daleisis belong ng to the same sub genus formed a distinct
! valso VK 1 dale s s was dist nct fro n all the other taxa of ¥ g a by

b e fol aceous st pules and broad leaflets Ho veve  t resemb ed

ace | nd polclaracters S nilar resul s ve e reported n he stud es
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conducted by earlier workers 1n Vigna species (Maekawa and Shider 1955 Baudet 1974
Jaasaka and Jaasaka 1990 Lawn 1995 Kaga et a/ 1996 Tateishi 1996 Tomooka er al
2003 Bisht et al 2005)

‘When the taxa belonging to section Angulares were examined the accessions fell in
three distinct clusters (clusters II VI and VII) The accessions of V trinervia var bourneae
and ¥ trinervia var trinervia were found to fall in cluster II The accessions of ¥ dalzelliana
Vimbellata var:mbellata and Vimbellata vargraciis were falling i cluster VII
V glabrescens alone was found to go nto cluster VI It can be seen that the position of both
taxa of Virmmervia (V trinervia var trinervia and V ir nervia var bourneae) 1s 1 between
radiata and n 1 ngo group of Ceratotrop s section Thus 1s 1 contrast to the report given by
Bisht et al (2005) They have reported that the ¥ tr1 erv a formed a d stinct group and was
ntermediate between Ceratotropis and A g lares sections Moreover there s no authent ¢
report of occurrence of Virnervia vart rerva in Inda This species has so far been
reported as ¥ bou neae only The only one accession of ¥ glab esce s ncluded in the present
nvestigation formed a separate cluster (cluster VI) n between ¥t lobata and V dalzell a a
sections of Ce atot op s This spec es 1s probably an amphidiploid reported to be combining
the genomes of V' ad ata and V un bellata (Dana 1964) However based on rDNA sequence
¥ glab esce shad been shown to be a derived from Vi mbellata and V a1g lar s (Goel et al
2001) It s an annual robust herb w th erect growth habit large golden yellow flowers and
green glabrescent long pods

Accessions belongng o I ¢ lobata and Vst p lacea of sect on Aco tifol ae were
fall ng in o same cluster (cluste V) and wiich was placed n hetween Ce arot op s ard

A g la ¢s secton Tleo lyaccessonof J aco ¢ fol a remn ned as ad st nc cluster (cluster
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VIII) and was observed to be closely associated with ¥t mbellata group The closeness of
these two taxa and the placement of Acomuifoliae section 1 between Ceratotropis and
Angulares were also reported by Bisht et al (2005) and Tomooka ef al (2003) Like
V trinervia an authent ¢ report on occurrence of ¥V stipulaceae m Ind a 1s not there so far
V stipi laceae 1s found to occur in Srilanka (Tomooka et al 2003) A live plant of this
particular accession of ¥ st pulaceae (Vst3) was collected from sandy beach of Kanyakumart
district of Tamil Nadu by NBPGR The seeds of this accession mught have been dispersed
through water and got established 1 the sandy beach of Kanyakuman Probably a first report
on occurrence of V stipulaceae 1n Ind a w i emerge from this study

The taxa belonging to sub genus other than Ceratotropis namely V pilosa V marina
Vvexillata and V1ngiicilata formed two distinct clusters (cluster IX and X) Of these
access ons of Vvexllata and Vi ngt 1c1 lata were commg 1n the same cluster (cluster IX)
indicat ng a close relationsh p bet veen them ¥ vex llata resembled V't g1 ¢ lata n features
like long pods (>8cm) and large pea like flo vers ¥ pilosa endemic to Western Ghats vas
seen to be morphologically distinct with ts pale v olet pea like flowers dense pubescent
pods and absence of bracteoles and keel pocket ¥ n ar 1 a 1s another un que taxa occurring n
1slands of Andaman and N cobar and Lakshadweep
512 Cluster analysis based on quantitative characters

The clustering based on quant tat ve characters resulted in five clusters (Table 12) In
quant tative clustering the accessions belonging to single taxa were fall ng n two or more
quant tat ve clusters This indicated that thougl the access ons of same taxa were s m lar 1n

qual t1at ve tra ts they vere distinct n quant tat ve features
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The quantitative cluster I included the maximum number of accessions Eight
different taxa belonging to different sections of sub genus Cerafotropts were mcluded n this
cluster The maximum cluster distance was observed between cluster I and IV (Table 13)
indicating that the taxa belonging to these clusters were distinct m quantitative characters
Vradiata var radiata V radiata var sublobata V dalzelhana V trilobata and V umbellata
var gracilis faling m cluster I were distinctly different from V khandalensis V pilosa
V glabrescens and V umbellata var umbellata falling m cluster IV This 1s also confirmed by
the distinct morphological features of these taxa The smallest inter cluster distance between
clusters 1 and II indicated the close relationship among the taxa (V radiata var radiata
Vradiata varsublobata Vdalzelhana Virdobata and Vumbellata vargractlis
V acomtifoha V haimana V marina and V stipulacea) falling into these clusters
513 Storage pest study

The present study showed bruchid mfestation ranged from 0 100 percent among the
accessions (Table 14) From this tis clear that the resistance sources for bruchid beetles are
available m the evaluated taxa wrrespect ve of whether wild or cultivated The individual
access ons belonging to each taxa are hence to be considered for 1dentification of resistant
sources The differences 1n the level of resistance observed among the accessions of the same
taxa may be due to mtra specific variation or due to the presence of different strains of
bruchid beetles Wild Vigna taxa were reported to be the source of resistance to bruchid
beetles by Tomooka et al (2000) Lambrndes and Imnie (2000) had 1dentified 3 accessions of
V adwata var st blobata as resistant to bruchid beetles Tomooka et a/ (1992) had also

developed a res stant source by backcrossing V' 1adiata var.sublobata with ¥V adiata Hence
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su table breeding programmes can be employed for developmg resistant types using the
resistant sources avatlable 1n d fferent taxa of Vigna
514 Stuody of pollen morphology

Pollen grains of all the taxa evaluated were found to be monads trizonoporate obtuse
and convex However there existed significant differences among the accesstons in size of
pollen grans thickness of exme shape sculpturing and nature of spines on the exine
V vex llata had the b ggest pollen grain followed by Vi1 ngticulata and V prlosa V vexillata
pollen grains could also be distinguished by the scabrate sculpturing (Table 15 and Plates 6a
and 6b) Nyananyo (1990) and Edeoga and Gomina (2001) had utihzed pollen attributes
such as pos tion of furrows pollen wall morphology symmetry shape and size of pollen
grains as main characters of taxonomic value 1n establ sh ng relationships among the taxa
However the results of the present study are not 1n full agreement with that report
52 Biochemical characterisation

The clustening pattern based on 1sozyme study us ng distinet accessions belong ng to
d fferent ¥ gna taxa vas different from the pattern formed based on morpholog cal
charactenisation (Table 17) Each cluster formed based on sozyme analysis ncluded
accessions belongmg to d fferent sub genera The As atic and non Asiatic Vig a taxa were
grouped nto same cluster as aga nst the morpholog cal characterisation (qualitative and
quantitative clustering) Th s ind cated that the divers ty in ¥ gna taxa based on 1sozyme
markers s very low This s n contrast to the results reported by Sehgal and Chandel (1992)
a d Selv er ol (2003) They suggested tl at sozymes w th high level of polymorph sm were
effect ve tools for d vers ty analysis n Vg a taxa The sozymes used n he present study

perox dase and poly phenol ox dase ere polymorplic Though the sozymes sho ved
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polymorphism the results were not i agreement with those reported by Sehgal and Chandel
(1992) and Selv1 et al (2003) Hence 1t 1s suggested that more 1sozymes showing still higher
levels of polymorphism may be used for charactenisat on of taxa of Vigna
53  Molecular characternsation

The 33 distinct accessions selected from different taxa of Vigna for molecular
evaluation fell into 12 clusters Among these 33 accessions 15 accessions were included 1n
cluster I The 15 accessions mn cluster 1 belonged to all sectons of Vigna except
Acon 1 folhae The three accessions of section dconitifohae included n this study fell nto
three different molecular clusters (clusters I[II V and XI) indicating the difference among
these accessions at molecular level The remaining 15 accessions were falling into 9 separate
molecular clusters as evident from Table 19 Hence all the accessions falling into same
qualitative clusters have to be taken for molecular characterisat on rather than distinct
var ants alone The result of the present study are n agreement with the results reported by
Ajnbade et al (2000) Tomooka et al (2001) Dor et al (2002) and Saravanakumar et a/
(2004) in ¥ g a spec es using molecular markers
54  Companson of different clustering patterns

The number of clusters formed based on qualitative characters and quantitative
characters were d fferent The cluster ng based on qual tative characters and quant tative
characters grouped the 150 accessions mnto 10 and 5 clusters respect vely The relat onsh p
among the taxa was explained more logically at 60 percent sum larity 1n clustening based on
qual tatrve characters The d fferences among different taxa falling n the same qual tat ve
cluster can be further explamned vhen quant tat ve tra ts are also cons dered A companson of

the vo clustering pa terns was done by fnd ng out percent d st but on of access ons of each
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taxa 1 a quahitat ve cluster mnto different quant tative clusters Majonity of access ons of each
taxa 1n a single qualtative cluster fell into a smngle quantitative cluster indicating the
similanty among these accessions at quantitative level also The remaining accessions of
these different taxa imdicated that though these accessions appeared to be similar at
qualitative level they are different at quant tative level However the accession Vd16 of
V dalzellrana which deviated from the other accessions of the same taxa at qualitative level
belonged to same cluster as others at quantitat ve level Th s ponts to the need of subjecting
this accession to further study

Using the key quantitat ve characters ident fed a statistical key was also developed
for distinguishing the d fferent taxa of Vigna The key quantitative characters 1dentified for
each taxa are represented 1n Figure 7a to 7h

The selected accessions from various taxa used for sozyme and molecular analysis
grouped nto four and twelve clusters i respective clustering patterns When a comparison
was made among the qualitaive sozyme and molecular clustering patterns t was seen that
the accessions which belonged o the same qual tative clusters behaved differently a sozyme
and molecular levels Hence the ntra specific vanab lity available in each taxa at 1sozyme
and molecular levels should also be considered in crop mprovement programs

The d stinct on between accessions was much more evident with molecular rather
than with sozyme markers Hence to obta n a still more clear picture about the relationships
among the access ons of d fferett ¥ g a taxa all 150 accessions are to be subjected to

molecular characterizat on
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55 Key for identification of taxa

Unknown taxa can be 1dentif ed with already known herbarium specimen ut hizing
the available hterature and comparing the description of unknown taxa with publ shed
description Taxonomuc keys prove an 1deal tool for rapid 1dentification of unknown taxa
Keys are very convenient reliable and quick to use Based on the arrangement of characters
and therr utilization keys are of two types single access (dichotomous diagnostic or
sequent al) or multi access (polyclaves) keys In this study based on the 72 descriptors
studied 18 simple d chotomous taxonomic keys were 1dentified to distingwish 22 taxa of
¥ gna Unl ke earlier keys descrnibed to dentify Vigna taxa here the keys prov ded are based
on characters ranging from germination behaviour to pod and seed characters as well as the
bands obta ned m 1sozyme and molecular analys s Earl er Babu et a/ (1985) Dana and
Karmakar (1990) and Tomooka et a/ (2003) had developed dichotomous keys to 1dentify few
V gna species
56  Future hne of work

The present research work included both cult va ed and v id taxa of ¥ g @ and tle
relat onships among the 22 taxa were explaned The cultivated taxa namely V ad ata
var adata Vn go var r 1go Vimbellata vartnbellata Vaco tfola Vi g ¢ lata
and V't tlobata could be mproved for y eld by utilizing the respect ve w 1d taxa in breeding
programmes For utiliz ng these wild taxa crossability relationships among the taxa need to
be established The crossability relationsh ps can be utihized 1o group the taxa nto d fferent
gene pools Access ons dent fed as res stant sources for bruch d nfestat on can be ut | zed
in breed ng programmes for transfer of res stance nto cul vated variety Ano her mportant

aspect hat needs thrus s screen ng of ¥ g « access ons in endem c areas for yello v 10sa ¢
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virus (YMV) resistance The identification of res stant sources for YMV would be a
tremendous break through n the research field of genus Vigna

The biochemucal and molecular characterisation made 1n the present study was based
on distinet vanants from each taxa This needs to be further strengthened by subjecting all the
accessions to biochemical and molecular characterization to get a much clearer picture about

the taxonomic relationships existing 1n Vigna taxa

91






6 SUMMARY

The study entitled Charactenisation and systematic evaluation of genetic
resources of the genus Figna was carried out in the Department of Plant
Breeding and Genetics College of Horticulture at Vellanikkara dunng the penod
2005 2008 The objectives of the study were to charactense the available
accessions of Vigna germplasm at National Bureau of Plant Genetic Resources
(NBPGR) Regional Station Vellamkkara Thrissur using morphologtcal markers
and to confirm the results using biochemical and molecular markers in distinct
vanants 1 different taxa as well as to prepare a key for the identification of

different Vigna taxa

Morphological charactensation of 150 accessions of ¥ gna was based on
48 qualitative and 24 quantitattve characters The biochem cal charactensation of
the dist nct vanants from each taxa was done us ng 1sozymes perox dase and
poly phenol oxidase Inter Sequence Repeat Analys s using 10 d fferent pnmers
was done for molecular characterisation The clustering patterns obtained with
qual tat ve quantitative biochem cal and molecular characters were compared
and a key for dentif cation of d fferent taxa of Vigna was prepared

Based on the qual tative characters the 150 accession of Vigna were
regrouped nto 22 different taxa which included a new Figna species wh ch d d
not fit nto any of the known taxa

Among the qualtative characters considered for morphological
charactensat on type of seed germination nature of attachrient of pnmary leaves
s ze and shape of stipules presence of ligule shape of bracteole nature of pod
attachment to peduncle curvature of pod shape of seed and shape of hilum were
d st nct for each taxa

The access on var ed 1n the type of germination and nature of attachment
of prnimary leaves The germiiat on was ep geal and primary leaf attach nent was

petiolate n ¥Vt lobata Vg c¢ laaand thenev ] g aspeces It vas ep geal
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and sub sessile in V khandalensts V mungo var mungo V mungo var sylvestris
V radiata var radiata V radiata var setulosa V radiata var sublobata V haimana
and Vsubramamana In Vacomnfoha Vdalzelhana Vmarina Vpilosa V
stipulacea V glabrescens Vtrinervia var bourneae V trinervia var trinervia
V umbellata var umbellata and V umbellata var gracilis 1t was hypogeal and
petiolate Hypogeal germmation and sub sess le attachment of pnmary leaf was

observed i ¥ vexillata

Ornamentation was present on the leaves of Vstipulacea V trinervia
var bourneae and V dalzelliana but was absent n all the other taxa The colour of
ornamentation was erther white as in ¥V stipulacea and V trinervia var bourneae or

green asn | dalzelliana

The taxa evaluated varied in size and shape of stipules The shape of
stipule was lanceolate n ¥Vacomtifolia Vdalzelhana V marina V mungo
var mungo Vningo var sylvestris and V pilosa ovate lanceolate in Vtrinerv a
var boirneae Vtrnerva vartrinerva Vimbellata var umbellata V umbellata
var gracilis Vingticulata and Vvexillata ovate in V hain ana V khadalens s
Vradiata varradiata Vraduata var siblobata  Vradiata varset dosa

Vst p dacea V subraman ana V tr lobata

All the 24 quant tative characters studied exhibited wide range of
variability Vanab lity of more than 90 percent was observed in characters like
seed yield/plant number of lobes n term nal leaflet 100 seed weight and size of
flower bud The characters which showed variab | y of less than 30 percent were
width of terminal leaflet length of terminal pet olule number of pods/peduncle

number of primary branches seed width and number of seeds/pod

The keel pocket was present 1n all taxa except n V' ngu c lata V marina
and ¥ p losa The length of keel pocket varied from taxa to taxa The keel pocket

was long n V' ngo varsyl est s and V' bellaa var  bellata m nute
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V hamniana V trilobata and V stipulacea and short or medium short 1n all the
other taxa

The 150 accessions evaluated could be grouped into 10 clusters based on
qualitative characters at 60 percent simlanty level Clustering pattern revealed

that all accessions belonging to single taxa grouped together 1n the same cluster

Cluster analysis performed using all quantitative characters resulted i five
clusters The maximum distance was observed between cluster I and IV and the

mimmum between cluster [ and 11

The accessions vaned in their susceptib Iity to storage pest infestation
The infestation ranged from 0 100 percent No 1infestation was observed n 55
accessions belonging to different taxa except ¥V acomtifola V subramaniana and
the new spectes Hundred percent infestation was observed in two accessions one

each n Vumbellata var umbellata and V ungi iculata

Palynological study of the accessions revealed that the pollen grains of all
Vigna taxa were monods trizonoporate obtuse and convex Max mum variability
was observed 1n thickness of exine The exine was thin in V hamn ana V trolobata
and Vstipulacea and thick i Vvex llata Vung icdata and V p losa Pollen
grans were large i Vvexillata and Vingiicilata and small in ¥ hat uana
V t lobata and V stip1 lacea The shape of pollen was e ther ¢ rcular or triangular
Vradiata varrvad ata Vradiata varset losa Vit nervta var bourneae
Vtrinemia var trinervia V. nguiculata and V vexillata were hav ng triangular
pollen grans The sculptuning was nicro reticulate 1n all taxa except
V glabrescens and V vex llata In V glab escens tl e sculpturing was reticulate and
n Vvexillata 1t was scabrate The sp nes on the ex ne were m nute 1n all taxa
except i Vvexlilata and Vi g culata In Vvex llata and Vung cdata the

sp nes were ech nate Psilate sp nes were found n ¥V p losa and Vst p lacea
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Based on 1sozyme analysis using perox dase (POX) and poly phenol
oxidase (POP) enzymes the selected accessions could be grouped mto 4 clusters at

75 percent similarity

All the 10 pnimers used n the ISSR analys s of the selected accessions
produced unambiguous markers Ten ISSR primers produced a total of 153
markers across 33 genotypes and all were polymorphic Among the primers used
the pnmer UBC 842 produced the highest number of fragments while the primers
UBC 813 and UBC 856 produced the lowest number of fragments The 33

accessions formed 12 clusters at 70 percent similanty level

The homology among the clustering patterns obta ned using qual tative
quant tative biochemical and molecular characters was studied based on percent
distribution of the accessions belonging to each of the qualitat ve clusters 1into
various quant tative brochemical and molecular clusters The results showed that
there existed a similarity between clusters formed based on qual tative and
quantitative characters with majority of access ons of each taxa n a qualitative
cluster falling 1n the same quantitative cluster Key quantitative characters for 22
different taxa of Vigna were 1dent fied based on the quantum of vanability and

weighted averages of various quant tative characters

The accessions taken for 1sozyme and molecular study were distinct
vanants hence fell in different clusters formed based on the respective markers
When the distnbution of selected access ons 1n the clusters formed based on
1sozyme molecular and quant tat ve characters were compared t was seen that
accessions of same taxa which fell in same clusters based on 1sozyme and
molecular markers fell in different clusters based on quant tative characters and
v ce versa indicating the extend of similarty at vanous levels It was also seen
that the selected access ons belong ng to a s ngle taxa fell in s gle cluster based

on sozyme markers but in tvo or three d fferent clusters based on molecular
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markers The accessions that fell 1n same cluster based on 1s0zyme and molecular

markers fell 1n different clusters formed based on quantitative characters

Based on the morphological biochemical and molecular characters a
dichotomous key for 1dentification of Vigna species was developed In the key
after the morphological characters biochemical and molecular characters for each
species was indicated as numerals which represent the number of bands obtained
Unlike the earlier keys where only floral and frmt characters were considered the
present key proposed was developed taking into consideration all the characters

starting from germination to fru t and seed characters
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1 2 3 4 5 6 7 8 9 10
Sl No |TCR {Code for|{Taxa Days |Type of | Colour of {Vigour of {Shape of |[Primary {Primary |Colour of |Nature of (Habut
No taxa to seed hypocotyl [seedling {pnimary {leaf leaf pnmary |attachment
emerge|germinat leaf length  [width leaf of primary
nce |ion (cm) (cm) petiole leaf

87 259  {Vms9 |V mungo var sylvestris 6 1 1 3 2 343 153 1 2 1
88 260 |Vmsl0 |V mungo var sylvesiris 7 1 1 3 2 277 123 1 2 1
89 262 |Vmsll [V mungo var sylvestris 7 1 1 3 2 317 170 1 2 1
90 265 |Vmsl2 |V mungo var sylvestris 6 1 1 3 2 377 157 1 2 1
91 266 |Vmsl3 |V mungo var sylvestris 6 1 1 3 2 337 150 1 2 1
92 267 \Vmsl4 |V mungo var sylvestris 6 1 1 3 2 323 160 1 2 1
93 268 |V New Vigna species 11 1 1 2 2 217 110 1 1 1
94 270 Vmsli5 |V mungo var sylvestris 7 1 1 3 2 307 157 1 2 1
95 271 |Vmsi6 |V mungo var sylvestris 6 1 1 3 2 347 117 1 2 1
96 272 Vmsl7 |V mungo var sylvestris 6 1 1 3 2 360 170 1 2 1
97 273 Vse6 V radata var setulosa 7 1 1 2 2 287 133 1 2 1
98 274 vdlé V dalzelliana 8 2 1 2 2 150 123 2 1 1
99 275 (Vms18 |V mungo var sylvestris 6 1 1 3 2 330 1353 1 2 1
100 276  (Vmsl9 |V mungo var sylvestris 6 1 1 3 2 313 153 1 2 1
101 277 |Vibll |V trinervia var bourneae 7 2 4 3 1 223 177 2 1 1
102 278 Virs7 V radiata var sublobata 8 1 2 2 2 193 123 2 2 1
103 279  |Vrs8 V radiata var sublobata 8 1 2 2 2 187 127 2 2 1
104 1284 |Vun2 |Vigna unguiculata 2 1 1 4 1 673 390 1 1 1
105 290 Vtbl12 |V trinervia var bourneae 8 2 2 2 1 200 163 2 1 1
106 295 |Vt6 V trilobata 8 2 2 2 5 120 107 1 1 1
107 297 Vrs9 V radiata var sublobata 1 1 2 1 2 150 100 2 2 1
108 |298 [Vull |Vigna umbellata var umbellatd 8 2 4 3 3 360 103 3 1 1
109 [300 {VrsiQ (¥ radiata \ar sublobata 11 1 1 2 2 177 107 1 2 1
110 301 Visll |V radiata \ar sublobata 6 1 4 3 2 283 160 2 2 1
“ at oroa 11 2 1 2 1 1¢0 130 1 1 1




1 2 3 4 5 6 7 8 9 10
Sl No |TCR |Code for|Taxa Days [Type of | Colour of |Vigour of |Shape of (Primary |Prnimary [Colour of |Nature of |Habit
No taxa to seed hypocotyl |seedlmg |primary |leaf leaf pnimary lattachment
emerge|germmat leaf length  |width leaf of primary
nce on {cm) {cm) petiole leaf
112 1303 |Vst3 V stipulaceae 8 1 2 1 5 090 073 1 1 1
113|305 |Vt7 V trilobata 8 2 2 1 5 127 120 1 1 1
114|306 |Vi8 V trilobata 8 2 2 2 5 153 133 1 1 1
115 (307 |Vh8 V hamana 7 2 1 2 2 273 117 1 2 1
116 |308 |Vun3 Vignaunguiculata 3 1 1 4 1 380 247 1 1 1
117 310 |Vmul |V mungo var mungo 3 1 4 3 2 530 093 2 2 1
118 [311 |Vtb13 |V trinervia var bourneae 8 2 2 2 1 197 147 1 1 1
119 313 Vmu2 |V mungo var mungo 3 1 4 2 2 443 167 2 2 1
120 (314 [Vh9 V haimiana 6 2 1 2 2 200 103 1 2 1
121|318 |Vt9 V trilobata 8 2 2 2 5 140 117 1 1 1
122 (319 [Vtl0 V trilobata 8 2 2 2 5 113 107 1 1 1
123 (320 jvill V trilobata 8 2 2 2 5 120 103 1 1 1
124 321 Vris12 |V radiata var sublobata 8 1 2 2 2 143 107 1 2 1
125 {323 |Vh10 |V haimana 11 2 3 1 2 160 075 1 2 1
126 (330 |Vug2 |Vumbellata var graciis 11 2 4 2 4 157 130 3 1 i
127 1331 |Vug3 |V umbellata var gracilis 11 2 4 7 4 117 097 3 1 1
128 334 Vug4 V umbellata var gracilis 11 2 4 2 4 147 100 3 1 1
129 342 Vibld |V trinervia var bourneae 11 2 4 3 1 200 153 3 1 1
130 {345 [Vtbl5 |V trinervia var bourneae 6 2 4 2 1 240 190 2 1 1
131 348 |Vibl6 |V trmervia var bourneae 6 2 4 2 1 197 147 2 1 1
132 350 |Va V acomtifolia 3 2 1 1 3 330 100 1 1 1
133 [384 |Vibl7 |V trinerwia var bourneae 8 2 4 2 1 190 173 2 1 1
134 [385 Vtb18 |V trinervia var bourneae 11 2 4 2 1 145 110 2 1 1
135 (387 (Vd17 |V dalzellana 13 2 4 2 4 143 117 3 1 1




24 25 26 27 28 29 30 31 22 33 34 35

SI No [TCR ([Code for|No of Termunal |Terminal (Shape of |Shape of |Petiole |Size of |Shape of |[Presenc{Twimng [No of Branching
No taxa lobesm |leaflet leaflet termmal (terminal [length |[stipule (stipule [eof |tendency |primary |pattemn of

terminal |length width (cm)|leaflet ip  |leaflet lobef(cm) ligule branches [primary
leaflet (cm) branches

1 1 Vsl 3 673 6 00 2 2 633 2 1 2 4 4 4
2 2 Vstl 3 4 40 407 5 4 427 1 1 2 4 3 4
3 3 Vrs2 3 6 50 560 2 2 10 50 2 1 2 4 4 4
4 5 Vrs3 3 6 00 553 2 2 6 50 2 1 2 4 4 4
5 7 Vrs4 3 633 590 2 2 777 2 1 2 4 4 4
6 8 Vbl 3 983 833 4 3 10 83 2 2 2 4 3 4
7 9 vdl 3 1113 1000 4 5 14 00 4 3 2 4 3 4
8 10 vd2 3 810 610 4 5 14 67 4 3 2 4 3 4
11 Vis$ 3 633 603 2 2 6 50 2 1 2 4 4 4

10 12 Vd3 3 743 523 4 5 1097 4 3 2 4 3 4
11 13 Vd4 3 790 573 4 5 10 83 4 3 2 4 3 4
12 18 Vugl 0 717 410 4 0 633 1 2 2 4 3 4
13 20 Vg 0 14 83 1147 4 0 2633 3 1 2 1 6 4
14 24 Vhl 0 720 550 4 0 450 2 1 2 4 3 2
15 26 Vh2 0 12 00 260 4 0 500 2 1 2 4 3 2
16 29 Vh3 0 8 50 720 4 0 14 00 2 1 2 4 3 2
17 60 Vrl 3 943 667 2 4 967 2 1 2 ] 2 3
18 61 Vr2 3 7 83 647 2 4 790 2 1 2 4 2 4
19 |62 |Vi3 3 1017 907 2 4 12 43 2 1 2 1 3 2
20 66 Vrs6 0 650 597 2 0 6 67 2 1 2 4 4 4




1 2 3 4 5 6 7 8 9 10
SI No |TCR |Code for|Taxa Days (Type of | Colour of |Vigour of |Shape of [Prumary |Primary (Colourof |Nature of |Habit
No taxa to seed hypocotyl |seedling |primary [leaf leaf primary  |attachment
emerge|germinat leaf length  |width leaf of pnmary
nce |ion (cm) (cm) petiole  |leaf
136 |388 |Vvdl8 |V dalzelhana 11 2 4 2 4 115 095 3 1 1
137 |390 |Vms20 |V mungo var sylvestris 8 1 1 2 2 240 115 1 2 1
138 392 Vms21 |V mungo var sylvestris 8 1 1 2 2 250 157 1 2 1
139|393  (Vms22 (¥ mungo var sylvestris 14 1 1 2 2 205 080 1 2 1
140 397 Vrs13 |V radwata var sublobata 11 1 1 1 2 100 060 1 2 1
141 |398 |Vd19 |V dalzelliana 11 2 1 2 4 133 117 3 1 1
142 399 Vtbl19 |V trinernia var bourneae 11 2 4 2 1 190 153 3 1 1
143|400 |Vrsl4 |V radiata var sublobata 10 1 1 1 2 187 103 1 2 1
144 401 |Vd20 |V dalzelliana 11 2 3 2 4 170 137 2 1 1
145 1402 |Vti2 V trilobata 8 2 2 2 5 133 123 2 1 1
146 |403  [Vil3 V trilobata 11 2 2 1 5 120 090 2 1 1
147 405 Vma V marina 11 2 1 2 2 270 160 1 1 1
148 1407 |Vvd21 V dalzellhiana 8 2 2 3 4 193 167 1 1 1
149 [410 |Vp V pilosa 8 2 1 2 6 315 265 1 1 1
150 161 A |Vrsl5 V radiata var sublobata 7 1 2 2 2 213 117 2 2 1




11 12 13 14 15 16 17 18 19 20 21 22 23
Sl No |TCR |Code for|Growth |Growth |Leafiness |Pubesce [Colour [Colour of |Colour |Pubesce|Colour |Terminal {Promin {PigmentajLobing of
No taxa habit pattern nseof |of petiole at |of nce of |of petiolule lence of [tion of [termnal
leaf petiole |leaf blade |petiole |petiole |petiolulllength leaf  [leaf vemn |leaflet
jount at base e (cm) vem
1 1 Vrsl 4 2 3 2 3 3 1 2 2 100 1 0 2
2 2 Vstl 4 1 2 4 3 1 1 3 2 100 0 0 4
3 3 Vis2 4 2 3 2 3 3 1 2 2 200 1 0 2
4 5 Vrs3 4 2 3 2 3 3 1 2 2 100 1 0 2
5 7 Vrs4 4 2 3 2 3 3 1 2 2 100 1 0 2
6 8 Vibl 4 2 3 2 3 3 1 2 2 200 1 0 2
7 9 vdl 4 i 3 2 1 1 1 2 1 200 0 0 1
8 10 Vvd2 4 1 3 2 1 1 1 2 1 200 0 0 1
11 Vis5 4 2 3 2 3 3 1 2 2 100 i 0 2
10 12 vd3 4 1 3 2 1 1 1 2 1 100 0 0 1
11 13 Vd4 4 1 3 2 1 1 1 2 1 200 0 0 1
12 18 Vugl 4 2 2 2 ] 1 1 1 1 100 0 0 0
13 20 Vg 1 1 3 1 1 l 1 1 2 200 0 0 0
14 24 Vh! 4 2 1 4 2 3 1 3 2 100 1 1 0
15 26 Vh2 4 2 1 4 2 3 1 3 2 100 1 1 0
16 29 Vh3 4 2 1 4 2 3 1 3 2 200 1 1 0
17 60 Vri 1 1 1 2 4 3 1 3 3 200 1 1 3
18 61 Vr2 4 1 1 2 3 3 1 3 2 200 1 1 3
19 62 Vr3 1 1 2 2 3 3 1 3 3 3 00 1 1 3
0 66 Vrs6é 4 2 2 2 3 3 3 3 3 100 1 1 0




11 12 13 14 15 16 17 18 19 20 21 22 23
Sl No |TCR  [Code for|Growth |Growth [Leafiness |Pubesce |Colour [Colourof [Colour |Pubesce{Colour |Terminal {Promin {PigmentaLobing of
No taxa habit pattern nse of lof petiole at |of nce of |of petiolule [ence of [tion of  [terminal
leaf petiole |leaf blade |petiole [petiole |petiolul [length leaf  [leaf vemn |leaflet
jomt at base e (cm) vein
21 67 Vsel 4 2 2 2 3 3 3 3 3 200 1 1 0
22 68 Vse2 4 2 2 2 3 3 3 3 3 100 1 1 0
23 69 Vse3 4 2 2 2 3 3 3 3 3 200 1 1 0
24 70 Vr4 1 1 1 2 3 3 1 3 2 200 1 1 3
25 71 Vsed 2 2 2 2 2 3 1 3 2 200 1 1 0
26 72 Vr5 1 1 1 4 4 3 3 3 2 200 1 1 0
27 74 Vi6 1 1 1 4 4 1 3 3 2 200 1 1 0
28 83 Vil 4 2 2 1 1 1 1 1 1 100 0 0 3
29 (84 |vi2 4 2 2 1 1 1 1 1 1 100 0 0 3
30 86 Vi3 4 2 2 1 1 1 1 1 1 100 0 0 3
31 87 Vul 4 2 3 4 1 1 1 2 1 200 1 0 2
32 88 Vu2 4 2 3 4 1 1 1 2 1 200 1 0 2
33 89 Vu3 4 2 3 4 1 1 1 2 1 300 1 0 2
34 90 Vu4 4 2 3 4 1 1 1 2 1 300 1 0 2
35 91 Vu5 4 2 3 4 1 1 1 2 1 200 1 0 2
36 92 Vub 4 2 3 4 1 1 1 2 1 200 1 0 2
37 93 Vu7 4 2 3 4 1 1 1 2 1 300 1 0 2
38 94 Vug 4 2 3 4 1 1 1 2 1 200 1 0 2
39 95 Vu9 4 2 3 4 1 1 1 2 1 300 1 0 2
40 106 |Vds 4 1 3 2 1 1 1 2 1 100 0 0 1
41 121 Vib2 4 2 3 2 3 3 1 2 2 200 1 0 2
4?2 126 |Vd6 4 1 3 2 1 1 1 2 1 100 0 0 1
43 141 Vsed 4 2 3 2 3 1 2 2 100 1 0 0
44d 47 Vb3 4 2 3 2 3 1 2 2 200 ] 0 2




11 12 13 14 15 16 17 18 19 20 21 22 23
5] No |TCR |Code for{Growth |Growth [Leafiness |Pubesce |Colour |Colourof |Colour |Pubesce|Colour |Termimnal |Promin |Pigmenta(Lobing of
No taxa habit pattern nseof [of petiole at lof nce of |of petiolule |ence of |tion of  |termuinal
leaf petiole |leafblade |petiole |petiole |petiolul |length leaf  |leaf vern |leaflet
joint at base e (cm) vemn
45 143 |Vd7 4 1 3 2 1 1 1 2 1 100 0 0 1
46 144 |Vd8 4 1 3 2 1 1 1 2 1 100 0 0 1
47 147 |Vd9 4 2 3 2 1 1 1 2 1 100 0 0 1
48 155 Vmsl 4 2 3 5 2 3 3 3 2 100 1 0 0
49 156  |Vib4 4 2 3 2 3 3 1 2 2 200 1 0 2
50 157  [Vms2 4 2 3 5 2 3 3 3 2 200 1 0 0
51 158 Vms3 4 2 3 5 2 3 3 3 2 200 1 0 0
52 160 |Vms4 4 2 3 5 2 3 3 3 2 200 1 0 0
53 161 Vvl 4 2 2 1 1 1 1 1 3 100 0 0 0
54 162 Vv2 4 2 2 1 1 1 1 ] 3 100 0 0 0
55 163 (vdlo 4 2 3 2 1 1 1 2 1 100 0 0 !
56 164  |Vtb5 4 2 3 2 3 3 1 2 2 100 1 0 2
57 165 [Vk 1 1 3 5 1 1 1 1 1 170 1 0 2
58 169 |Vv3 4 2 2 1 1 1 1 1 3 100 0 0 0
59 171 Vms5 4 2 3 5 2 3 3 3 2 100 1 0 0
0 174  |Vtb6 4 2 3 2 3 3 1 2 2 100 1 0 2
61 176  |[Vib7 4 1 3 2 1 1 1 2 1 200 0 0 0
62 188 |Vr7 4 2 3 2 3 3 1 2 2 100 1 0 0
03 189 |Vib8 4 2 3 2 3 3 1 2 2 200 1 0 2
64 192 |Vt 4 2 2 1 1 1 1 1 1 100 0 0 3
65 195 |Vtb9 4 2 3 2 3 3 1 2 2 100 1 0 2




11 12 13 14 15 16 17 18 19 20 21 22 23
SI No |TCR |Code for{Growth |Growth |Leafiness |Pubesce [Colour |Colourof |Colour |Pubesce|[Colour [Terminal [Promin |Pigmenta|Lobing of
No taxa habit  |pattern nse of |of petwole at jof nceof |of petiolule {ence of Jtionof  (termunal
leaf petiole |leafblade |petiole |petiole |petiolul|length leaf  |leaf vemn |leaflet
joint at base e (cm) veln
66 199  |vdll 4 1 3 2 1 1 2 1 200 0 0 1
67 204 |Vul0 4 2 3 4 1 1 1 2 1 300 1 0 2
68 206 |Vtbl0 4 2 3 2 3 3 1 2 2 100 1 0 2
69 207 |Vh4 4 2 1 4 2 3 1 3 2 100 1 1 0
70 208  |Vunl 4 2 3 1 1 3 1 1 1 200 0 0 0
71 214 1vdl12 4 i 3 2 1 1 1 2 1 100 0 0 1
72 215 Vst2 4 2 3 4 1 1 1 3 2 100 1 0 3
73 217 Vv4 4 2 2 1 1 1 1 1 3 100 0 0 0
74 230 Vms6 4 2 3 5 2 3 3 3 2 100 1 0 0
75 233 |vd13 4 2 3 2 1 1 1 2 1 100 1 0 0
76 234 |vdi4 4 2 3 2 1 1 1 2 1 100 1 0 0
77 238  |Vsbl 4 2 2 2 3 3 3 3 3 100 1 1 0
78 240 | Vsb2 4 2 2 2 3 3 3 3 3 200 1 1 0
7) 241 |Vsb3 4 2 2 2 3 3 3 3 3 100 1 1 0
80 243 |Vit5 4 2 3 1 1 1 1 1 1 100 0 0 4
81 244 |Vh5 4 2 1 4 2 3 1 3 2 100 1 1 0
82 247 |Vhé6 4 2 2 5 3 2 1 4 2 2 00 1 1 0
83 249 |Vh7 4 2 1 4 2 3 1 3 2 200 1 1 0
84 254 Vms7 4 2 3 5 2 3 3 3 2 100 1 0 0
85 256  |Vms8 4 2 3 5 2 3 3 2 2 100 1 0 0
86 258 |Vvdls 4 2 3 2 1 1 1 2 1 100 0 0 1

B




11 12 13 14 15 16 17 18 19 20 21 22 23
Sl No [TCR [Code for|Growth |Growth |Leafiness |Pubesce |Colour [Colourof (Colour |Pubesce|Colour |Terminal |Promin |Pigmenta(Lobing of
No taxa habit pattern nseof |of petiole at |of nce of jof petiolule [ence of (tion of  |termuinal
leaf petiole |leaf blade |petiole [petiole |petiolul|length leaf  |leaf vein |leaftet
jomnt at base e (cm) veln
87 259  |Vms9 4 2 3 5 2 3 3 3 2 100 1 0 0
88 260 |[Vmsl0 4 2 3 5 2 3 3 3 2 100 1 0 0
89 262 |Vmsll 4 2 3 5 2 3 3 3 2 100 1 0 0
90 265 |Vmsli2 4 2 3 5 2 3 3 3 2 100 1 0 0
91 266 |Vmsl3 4 2 3 5 2 3 3 3 2 100 1 0 0
92 267 |Vmsl4 4 2 3 5 2 3 3 3 2 200 1 0 0
93 268 |V 4 2 3 1 3 3 4 1 2 100 1 0 0
94 270 |VmslS 4 2 3 5 2 3 3 2 2 100 1 0 0
95 271  |Vmslé 4 2 3 5 2 3 3 3 2 100 1 0 0
96 272 |Vmsl7 4 2 3 5 2 3 3 3 2 200 1 0 0
97 273 |Vseb 4 2 2 2 3 3 3 3 3 100 1 1 0
98 274 |Vdle 4 2 1 4 2 3 1 3 2 100 1 1 0
99 275 |Vmsl3 4 2 3 5 2 3 3 3 2 100 1 0 0
100|276  |Vmsl9 4 2 3 5 2 3 3 3 2 100 1 0 0
101|277 |Vtbll 4 2 3 2 3 3 1 2 2 200 1 0 2
102|278  |Vrs7 4 2 3 2 3 3 1 2 2 200 1 0 2
103 1279 |Vrs8 4 2 3 2 3 3 1 2 2 100 1 0 2
104 |284 |Vun2 4 2 3 1 1 3 1 1 1 300 0 0 0
105 {290 |Vibl2 4 2 3 2 3 3 1 2 2 100 1 0 2
106|295 [Vt6 4 2 3 1 1 1 1 1 1 100 0 0 4
107 1297 |VisH 4 2 3 2 3 3 1 2 2 100 1 0 0
108 (298  |Vull 4 2 3 4 1 1 1 2 1 200 1 0 2
109 {300 [VrslO 4 2 3 2 3 3 1 2 2 100 1 0 0
110 (301 |Vrsll 4 2 3 2 3 3 1 2 2 200 1 0 0
A “ 4 1 3 4 2 3 1 4 2 100 0 0 2




11 12 13 14 15 16 17 i8 19 20 21 22 23
3] No |[TCR |Code for|Growth |Growth |Leafiness |Pubesce [Colour |Colourof [Colour |Pubesce{Colour [Terminal |Promm |Pigmenta Lobing of
No taxa habit pattern nse of |of petiole at [of nce of |of petiolule |ence of [tion of  [terminal
leaf petiole |leaf blade |petiole |petiole [petiolul|length leaf leaf vein |leaflet
joint at base e (cm) vein
112|303 |Vst3 4 2 2 1 1 1 1 1 1 100 0 0 3
113|305 |Vt7 4 2 2 1 1 1 1 1 1 100 0 0 3
114 [306 |Vt8 4 2 2 1 1 1 1 1 1 100 0 0 3
115 |307 |Vh8 4 2 2 5 3 2 1 4 2 100 1 1 0
116 {308 |Vun3 4 2 3 1 1 3 1 1 1 300 0 0 0
117 310 Vmul 1 1 1 4 3 2 1 3 2 200 0 0 0
118 1311  [Vtbl13 4 2 3 2 3 3 1 2 2 100 1 0 2
119 |313  [Vmu2 1 1 1 4 3 2 1 3 2 200 0 0 0
120 314 Vho 4 2 2 5 3 2 1 4 2 100 1 1 0
121 318 Vo 4 2 2 1 1 1 1 1 1 100 0 0 3
122|319 {Vtl0 4 2 2 1 1 1 1 1 1 100 0 0 3
173 320 Vill 4 2 2 1 1 1 1 1 1 100 0 0 3
124 [321  |Vmsl2 4 2 3 2 3 3 1 2 2 200 1 0 2
125 323 Vhio 4 2 1 2 1 1 1 2 2 100 1 0 0
12¢ 330  |Vug2 4 2 2 2 1 1 1 1 1 100 0 0 0
127 1331 Vug3 4 2 2 2 1 1 1 1 1 100 0 0 0
128 1334  |Vugd 4 2 2 2 1 1 1 1 1 100 0 0 0
129|342 |Vtbl4 4 2 3 2 3 3 1 2 2 200 1 0 2
130|345 |Vibl5 4 2 3 2 3 3 1 2 2 100 1 0 2
131 348  |Vibl6 4 2 3 2 3 3 1 2 2 100 1 0 2
132 350 Va 3 2 2 4 1 1 1 3 1 100 0 0 5
133 (384 [Vtbl7 4 2 3 2 3 3 1 2 2 200 1 0 2
134 [585 [Vibl8 4 2 3 2 3 3 1 2 2 100 1 0 2
135 [387 |Vd17 4 1 3 2 1 1 1 2 1 200 0 0 1




11 12 13 14 15 16 17 18 19 20 21 22 23

SI No |[TCR |Code for{Growth {Growth |Leafiness [Pubesce |Colour |Colourof [Colour |Pubesce|Colour |Termmal |Promn |Pigmenta|Lobing of

No taxa habit  [pattern nseof |of petiole at |of nce of |of petiolule [ence of [tion of  |termunal
leaf petiole |leaf blade |petiole petiole |petiolul|length leaf  |leaf vein |[leaflet
joint at base e (cm) veln

136 388 |vdi18 4 2 3 2 1 1 1 2 1 200 0 0 1
137 [390 {Vms20 4 2 3 5 2 3 3 3 2 1 00 1 0 0
138|392 |Vms2i 4 2 3 5 2 3 3 3 2 100 1 0 0
139 (393  |Vms22 4 2 3 5 2 3 3 3 2 100 1 0 0
140 397 Vrs13 4 2 3 2 3 3 1 2 2 100 1 0 0
141 398 |vd19 4 1 3 2 1 1 1 2 1 100 0 0 1
142 399 |Vth19 4 2 3 2 3 3 1 2 2 100 1 0 2
143 400 Vrsl4 4 2 3 2 3 3 1 2 2 100 1 0 0
144 401 vd20 4 2 3 2 1 1 1 2 1 100 0 0 1
145 402 |Vt12 2 2 1 1 1 1 1 1 1 100 0 0 3
146 403 Vtl3 4 2 2 1 1 1 1 1 1 100 0 0 3
147 (405 (Vma 4 2 3 1 1 1 i 1 1 200 1 0 0
148 1407 |Vd2l 4 1 3 2 1 1 1 2 1 100 0 0 0
149 410 [Vp 4 2 2 4 1 1 1 3 1 100 1 0 0
150 161 A |Vrsl5 4 2 2 2 3 3 3 3 3 100 1 1 0




24 25 26 27 28 29 30 31 32 33 34 35
SI No ITCR [Code for|No of  |Termmal |Terminal |Shape of |Shapeof |Petiole |Size of |Shape of |Presenc|Twining [No of Branching
No taxa lobes n |leaflet leaflet termmnal  |termmal |length |stipule |[stipule |eof |[tendency |primary |pattern of

terminal  |length width (cm) |leaflet tip |leaflet lobe|(cm) ligule branches [primary

leaflet (c1n) branches
21 67 Vsel 0 7 83 776 2 0 807 2 1 2 4 4 4
22 68 Vse2 0 893 757 2 0 767 2 1 2 4 4 4
23 69 Vse3 0 10 17 970 2 0 10 00 2 1 2 4 4 4
24 70 Vr4 3 12 30 920 2 6 1100 2 1 2 1 3 4
25 71 Vse4 0 870 777 3 0 747 2 1 2 2 3 4
2( 72 Vr5 0 10 30 823 2 0 1177 2 1 2 1 3 4
77 74 Vr6 0 1120 883 2 0 910 2 1 2 1 3 4
28 83 Vtl 3 390 407 1 4 573 3 1 2 4 3 4
29 84 Vt2 3 480 450 1 4 900 3 1 2 4 3 4
30 86 Vi3 3 410 370 1 4 537 3 1 2 4 3 4
31 87 Vul 3 11 50 633 4 1 12 67 4 2 2 4 2 4
32 88 Vu2 3 13 30 783 4 1 17 00 4 2 2 4 2 4
33 89 Vu3 3 13 67 983 4 1 17 00 4 2 2 4 2 4
34 90 Vué 3 13 50 950 4 1 13 67 4 2 2 4 2 4
35 91 Vus 3 1233 697 4 1 21 67 4 2 2 4 2 4
36 92 Vu6 3 10 67 6 83 4 1 21 67 4 2 2 4 2 4
37 93 Vu7 3 12 83 8 67 4 1 2167 4 2 2 4 2 4
38 94 Vus 3 1117 667 4 1 13 67 4 2 2 4 2 4
39 95 Vu9 3 12 40 923 4 1 17 33 4 2 2 4 2 4
40 106 |VdS 3 783 610 4 5 1167 4 3 2 4 3 4
41 121 Vtb2 3 10 30 793 4 3 13 83 2 2 2 4 3 4
42 126 |Vdé6 3 873 697 4 5 1567 4 3 2 4 3 4
43 141 Vseb 0 637 560 2 0 620 2 1 2 4 4 4
Py 149 \ th 3 817 690 4 3 790 2 2 2 4 3 4




24 25 26 27 28 29 30 31 32 33 34 35
Sl No |TCR  |Code for|No of Termmal |Termimnal [Shapeof [Shapeof |Petiole |Size of |Shape of |Presenc|Twining (No of Branching
No taxa lobesin |leaflet leaflet terminal  [termunal (length |stipule |stipule |eof [tendency [primary |pattern of

terminal |length width (cm) (leaflet tip (leaflet lobe|(cm) higule branches (primary

leaflet (cm) branches
45 143 |Vd7 3 620 447 4 5 533 4 3 2 4 3 4
4( 144 1Vds8 3 620 433 4 5 577 4 3 2 4 3 4
47 147 vd9 3 683 467 4 5 583 4 3 2 4 5 4
48 155 Vmsl 0 833 607 4 0 743 2 3 2 4 3 1
49 156 | Vitb4 3 913 760 4 3 970 2 2 2 4 3 4
50 157  |Vms2 0 967 680 4 0 9 67 2 3 2 4 2 1
51 158  |Vms3 0 897 636 4 0 883 2 3 2 4 2 1
52 160  [Vms4 0 937 667 4 0 11 00 2 3 2 4 2 1
53 161  |Vvl 0 750 487 4 0 617 4 2 0 4 3 4
54 162 |Vv2 0 743 500 4 0 7 00 4 2 0 4 3 4
55 163 |vdlo0 3 757 460 4 5 833 4 3 2 4 5 4
56 164 [VitbS 3 917 733 4 3 767 2 2 2 4 3 4
57 165 |Vk 0 1343 12 67 4 0 4 1 1 1 1 0
58 169 |Vv3 0 6 67 367 4 0 433 4 2 0 4 3 4
59 171 |VmsS 0 790 650 4 0 10 50 2 3 2 4 2 1
60 174  {Vitb6 3 697 560 4 3 830 2 2 2 4 3 4
61 176 {Vib7 0 10 67 947 4 0 1117 4 2 1 4 3 4
62 188 | Vr7 0 697 533 2 0 817 2 1 2 4 4 4
63 189  |Vib8 3 770 667 4 3 917 2 2 2 4 3 4
64 192 |Vi4 3 450 497 1 4 12 10 3 1 2 4 3 4
65 195 Vb9 3 807 6 90 4 3 977 2 2 2 4 3 4




36 37 38 39 40 41 42 43 44 45 46 47 48

Sl No [TCR |[Code for|Colour |Pubesc|Colour of|Days [Position {Colour of|Colour [ Colour [Sizeof |Sizeof  |Shapeof [No of |Keel
No taxa of stem [ence of|stem haur |to of raceme|flower  |of of corolla [flower [bracteole |bracteole |flowers/r |pocket
stem flowen calyx bud (1 x aceme |length

ng b) (mm)
87 259 |{Vms9 3 3 2 43 3 4 2 1 208 3 2 6 0 60
88 260 |VmslO 3 3 2 44 3 4 2 1 224 3 2 6 050
89 262 Vmsl ] 3 3 2 44 3 4 2 1 154 3 2 6 060
90 265  |[Vms!? 3 3 2 48 3 4 2 1 210 3 2 6 050
91 266 |Vmsl3 3 3 2 42 3 4 2 1 182 3 2 6 050
92 267 |Vmsl4 3 3 2 48 3 4 2 1 180 3 2 6 060
93 268 \% 1 1 0 55 3 3 2 1 165 2 1 8 030
94 270 Vmsl5 3 2 2 48 1 4 2 1 221 3 2 6 050
95 27) Vms16 3 3 2 49 3 4 2 1 165 3 2 6 060
96 272 Vmsl7 3 3 2 48 3 4 2 1 182 3 2 6 050
97 273 |Vseb 2 2 1 62 1 2 2 1 120 3 1 9 025
98 274 |Vdi6 2 2 2 74 1 3 1 1 090 1 2 3 030
99 275  |Vms18 3 3 2 49 3 4 2 1 143 3 2 6 060
100 776 Vms19 3 3 2 48 3 4 2 1 204 3 2 6 050
101 277 Vb1l 3 3 1 131 3 4 1 1 340 3 1 4 050
102 278 Vrs7 2 3 1 58 1 3 2 3 1 80 2 1 7 050
103 279 Vrs§ 2 3 1 51 3 3 2 3 143 2 1 7 050
104 284 Vun2 2 2 2 48 3 5 1 5 552 0 0 4 000
105|290  |Vibl2 3 3 1 60 3 4 1 1 165 3 1 4 020
106 |295 |Vt6 2 1 0 48 3 4 2 1 070 2 2 4 010
107 297 Vrs9 2 3 1 67 3 3 2 3 195 2 1 7 020
108 298 Vull 2 3 2 87 3 4 1 1 357 1 2 8 040
109 300 Vrsl0 2 3 1 61 3 3 2 3 208 2 1 7 030
110 (301 (vrsit 2 3 1 53 3 3 2 3 156 2 1 4 030
i1 307 Vit 2 4 1 149 3 4 1 1 340 3 1 4 025

XXV



24 25 26 27 28 29 30 31 32 33 34 35
Sl No |[TCR |Code for[No of Termmal |Terminal |Shape of |Shape of |Petiole |Size of |Shape of |Presenc|Twiung |No of Branching
No taxa lobesin |leaflet leaflet termnal  [terminal  |length (stipule |stipule [eof  [tendency |primary  |pattern of
termunal  |length width (cm) |leaflet tip leaflet lobe{(cm) ligule branches |primary
leaflet (cm) branches
6( 199 |vdll 3 800 643 4 5 1217 4 3 2 4 3 4
67 204  |VulO 3 1317 857 4 1 2367 4 2 2 4 2 4
68 206 |Vtbl0 3 7 83 523 4 3 717 2 2 2 4 3 4
69 207 |Vh4 0 690 570 4 0 550 2 1 2 4 3 2
70 208  |{Vunl 0 1347 933 2 2 1217 2 2 2 4 3 4
71 214 |Vdl2 3 663 520 4 5 1317 4 3 2 4 3 4
72 215 Vst2 3 363 410 5 4 553 1 1 2 4 5 4
73 217 Vvé 0 720 367 4 0 750 4 2 0 4 3 4
74 230 |Vms6 0 1013 6 80 4 0 683 2 3 2 4 2 1
75 233 |Vdi3 0 467 360 4 0 633 4 3 2 4 4 4
76 234 |Vdi4 0 697 493 4 0 590 4 3 2 4 4 4
77 238 {Vsbl 0 757 703 2 0 567 2 1 2 4 4 4
78 240 | Vsb2 0 837 657 2 0 693 2 1 2 4 4 4
79 241  |Vsb3 0 8 00 850 2 0 590 2 1 2 4 4 4
80 243 |Vt5 3 3 87 330 5 4 533 3 1 2 4 5 4
81 244 Vh5 0 1017 733 4 0 800 2 1 2 4 3 2
82 247 |vhé 0 850 673 4 0 567 2 1 2 4 3 4
83 249  |vh7 0 783 677 4 0 6 67 2 1 2 4 3 2
84 254  |Vvms7 0 10 63 713 4 0 1133 2 3 2 4 2 1
85 256 |\Vms8 0 827 593 4 0 793 2 3 2 4 2 1
86 258 |\dl15 3 570 440 4 5 507 4 3 2 4 5 4

~a

k]




24 25 26 27 28 29 30 31 32 33 34 35
Sl No |TCR |Code for[No of Termunal |Terminal [Shape of |[Shape of [Petiole |Size of |Shape of (Presenc{Twining (No of Branching
No taxa lobesin |leaflet leaflet termuinal  (terminal (length |stipule |stipule leof |tendency |pmmary |pattern of
terminal  {length width (cm) [leaflet ip  |leaflet lobe{(cm) ligule branches |prumary
leaflet (cm) branches
87 259  |Vms9 0 833 553 4 0 800 2 > 2 4 2 1
88 260 |{Vmsl0 0 900 417 4 0 917 2 3 2 4 2 1
89 262  |Vmsll 0 900 453 4 0 9 50 2 3 2 4 2 1
90 265  |{Vmsl2 0 823 557 4 0 650 2 3 2 4 3 1
91 266 |Vmsl3 0 823 627 4 0 657 2 3 2 4 3 1
92 267 |Vmsl4 0 867 6 67 4 0 743 2 3 2 4 3 1
93 268 |V 0 867 2 80 4 0 6 60 2 1 2 4 4 4
94 270 |Vmsl5 0 767 543 4 0 1033 2 3 2 4 2 1
95 271  |Vmslé 0 953 653 4 0 950 2 3 2 4 2 1
96 272 |Vmsl7 0 823 627 4 0 740 2 3 2 4 3 1
97 273 |Vseb 0 777 720 2 0 6 67 3 1 2 4 4 4
98 274 |Vdleé 0 737 580 4 0 700 4 3 2 4 5 2
99 275 |Vmsl§ 0 770 650 4 0 943 2 3 2 4 3 1
100 [276 |Vmsl9 0 783 673 4 0 817 2 3 2 4 3 1
101 [277 |Vibll 3 10 50 947 4 3 13 50 2 2 2 4 3 4
102|278  |Vrs7 3 557 527 2 2 700 2 1 2 4 4 4
103 {279  |Vrs8 3 546 527 2 2 597 2 1 2 4 4 4
104 [284 |Vun2 0 1120 700 2 2 13 00 2 2 2 4 3 4
105  |290  [Vtb12 3 770 553 4 3 1133 2 2 2 4 3 4
106 (295 [Vt6 3 330 303 5 4 6 83 3 1 2 4 5 4
107|297 |Vrs9 0 567 543 2 0 6 67 2 1 2 4 4 4
108 1298 [Vull 3 13 67 983 4 1 17 00 4 2 2 4 2 4
109 [300 |Vrsl0 0 657 705 2 0 817 2 1 2 4 4 4
110|301 [Visil 0 650 61> 2 0 13 67 2 1 2 4 4 4
Vit 3 940 790 4 5 1333 7 2 2 4 3 4




24 25 26 27 28 29 30 31 32 33 34 35
! No |TCR |Code for|No of Termmal |Termmnal |Shape of |Shapeof |[Petiole [Size of |Shape of |Presenc|Twining jNo of Branching
No taxa lobesn |leaflet leaflet terminal  |termunal |length [stipule |stipule |eof  |tendency |primary |pattern of

terminal  |length width (cm)|leaflet tip |leaflet lobe{(cm) ligule branches |primary

leaflet (cm) branches
12 |303 |Vst3 3 210 193 1 4 373 1 1 2 3 3 4
(13 |305 |Vt7 3 347 320 1 4 640 3 1 2 3 3 4
114 306 |Vi8 3 457 420 1 4 647 3 1 2 3 3 4
115 307 |Vh8 0 750 625 4 0 775 2 1 2 4 3 4
116 |308 |Vun3 0 1097 910 2 2 1533 2 2 2 4 3 4
117 (310 |Vmul 0 997 820 2 0 12 00 2 3 2 4 2 4
118 311 Vibl3 3 1020 7 80 4 3 12 50 2 2 2 4 3 4
119 313 Vmu2 0 10 83 8§17 2 0 15 00 2 3 2 4 2 4
120 [314 |Vh9 0 6 00 503 4 1 583 2 1 2 4 3 4
121|318 |Vt9 3 477 490 1 4 993 3 1 2 3 3 4
122|319 |Vt10 3 383 360 1 4 593 3 1 2 3 3 4
123 320 [Vitll 3 447 407 1 4 710 3 1 2 3 3 4
124 [321 |Vrs12 3 643 647 2 2 830 2 1 2 3 3 4
125 323 |Vh10 0 8 50 6 50 4 0 500 2 1 2 4 4 4
126  |330 |Vug2 0 6 00 363 4 0 350 1 2 2 4 3 4
127 331 Vug3 0 590 403 4 0 417 1 2 2 4 3 4
128 [334 [Vugd 0 6 00 410 4 0 373 1 2 2 4 3 2
129 342 |Vtbl4 3 8 83 783 4 3 12 33 2 2 2 4 3 4
130 (345 |Vtbl5 3 850 710 4 3 550 2 2 2 4 3 4
131 (348 |Vibl6 3 763 507 4 3 557 2 2 2 4 3 4
132|350 Va 5 570 553 4 1 6 87 4 3 2 3 4 4
133|384 [Vibl7 3 10 00 8§50 4 3 1317 2 2 2 4 3 4
134 |385 |Vibl8 3 753 670 4 3 980 2 2 2 4 3 4
135 387 Vdi7 3 610 393 4 5 933 4 3 2 4 3 4




24 25 26 27 28 29 30 31 32 33 34 35

Sl No |TCR |Code for|No of Termunal [Termunal |Shape of |Shapeof |[Petiole |Size of |Shape of [Presenc|Twimng [No of Branching
No taxa lobes n  |leaflet leaflet terminal  [terminal |length (stipule |[stipule [eof |tendency |pnimary |pattern of

terminal |length width (cm)|leaflet tip {leaflet lobe|(cm) higule branches |primary

leaflet (cm) branches
136|388 [vdl8 3 847 620 4 5 717 4 3 2 4 5 4
137 1390 |Vms20 0 6 87 550 4 0 8 00 2 3 2 4 3 1
138|392 |Vms2l 0 737 533 4 0 12 00 2 3 2 4 3 1
139 393 |Vms22 0 713 543 4 0 1143 2 3 2 4 3 1
140 397 |Vrsl3 0 650 590 2 0 630 2 1 2 4 4 4
141 398 (vdl19 3 437 387 4 5 917 4 3 2 4 3 4
142 399 Vtb19 3 957 837 4 3 9 83 4 2 2 4 3 4
143 400 Vrsl4 0 607 550 2 600 2 1 2 4 4 4
144 401 Vd20 3 590 537 4 5 850 4 3 2 4 5 4
145 402 Vti2 3 510 517 3 4 8 83 3 1 2 2 3 4
146  |403 |Vii3 3 390 323 1 4 10 67 3 1 2 3 3 4
147 1405 |Vma 0 757 620 1 0 663 4 3 0 4 3 4
148  |407 [Vd2l 0 770 597 4 0 983 4 3 1 4 3 4
149 1410 |Vp 0 847 530 4 0 643 1 3 0 4 3 4
150|161 A |VrslS 0 1017 957 2 0 16 67 3 1 2 4 4 4




36 37 38 39 40 41 42 43 44 45 46 47 48

Sl No |[TCR |Code for|{Colour [Pubesc|Colour of|Days |Position |Colour of|Colour | Colour |Sizeof |Size of Shape of |No of |Keel
No tixa of stem |ence of|stem ha r {to of raceme|flower |of of corolla |flower |bracteole |bracteole |(flowers/r|pocket
stem flowen calyx bud (1 x aceme |length

ng b) (mm)
1 1 Vsl 2 3 1 61 1 2 2 3 165 2 1 7 025
2 2 Vstl 2 3 1 85 1 4 1 1 063 2 1 3 030
3 3 Vrs2 2 3 1 56 1 2 2 3 154 2 1 7 010
4 5 Vrs3 2 3 1 56 1 2 2 3 180 2 1 7 020
5 7 Vrsd 2 3 1 55 1 2 2 3 154 2 1 7 025
6 8 Vibl 3 3 1 139 3 4 1 1 208 3 1 4 030
7 9 Vdl 2 2 2 131 3 4 1 1 090 1 2 6 025
8 10 vd2 2 2 2 121 3 4 1 1 054 1 2 6 025
9 11 Vrs5 2 3 1 61 1 2 2 3 132 2 1 7 030
10 12 vdo 2 2 2 119 3 4 1 1 090 1 2 6 025
11 13 Vd4 2 2 2 131 3 4 1 1 132 1 2 6 030
12 18 Vugl 2 1 2 69 3 3 2 1 180 1 1 4 025
13 20 Vg 3 1 0 83 2 4 1 1 250 1 1 8 025
14 24 Vhl 2 2 1 48 1 3 l 1 054 1 2 3 025
15 26 Vh2 2 2 1 75 1 3 1 1 045 1 2 3 030
16 29 Vi3 2 2 1 55 1 3 1 1 040 1 2 3 030
17 60 Vrl 3 3 1 33 1 2 1 2 130 2 1 9 025
18 61 V2 3 3 1 33 2 2 1 2 110 2 1 5 030
19 62 Vi3 3 3 1 37 2 2 1 2 1 68 2 1 9 030
20 66 Vrsb 2 2 1 39 1 3 1 1 240 2 1 9 030

X X1l




36 37 38 39 40 41 42 43 44 45 46 47 48

sl No [TCR |Code for|Colour |Pubesc|Colour of|{Days |Posit on |Colour of|Colour | Colour |[Size of |Size of Shape of |[No of |[Keel
No taxa of stem |ence of|stem har |to of raceme|flower |of of corolla |flower |bracteole [bracteole [flowers/r|pocket
stem flowen calyx bud (1 x aceme |length

ng b) (mm)
21 67 Vsel 2 2 1 49 1 2 2 1 255 3 1 9 025
22 68 Vse2 2 2 1 51 1 2 2 1 130 3 1 9 025
23 69 Vse3 2 2 1 48 1 2 2 1 168 3 1 9 040
24 70 Vr4 1 3 1 33 2 2 2 2 182 2 1 5 040
25 71 Vsed 3 3 1 37 1 2 2 2 154 3 1 6 010
26 72 Vr5 3 3 1 39 2 2 2 2 272 2 1 10 010
27 74 Vr6 2 3 1 39 2 2 2 2 143 2 1 10 100
28 83 Vtl 1 1 0 51 3 3 2 1 054 2 2 5 100
29 84 Vt2 1 1 0 67 3 3 2 1 070 2 2 S 100
30 86 Vi3 1 1 0 55 3 3 2 1 070 2 2 5 100
31 87 Vul 2 3 2 63 3 4 1 1 195 1 2 8 040
32 38 Vu2 2 3 2 49 3 4 1 1 272 1 2 8 050
33 89 Vu3 2 3 2 66 3 4 1 1 2 88 1 2 8 040
34 50 Vu4 2 3 2 70 3 4 1 1 247 1 2 8 040
35 91 Vus 2 3 2 84 3 4 1 1 3 80 1 2 8 050
36 92 Vub 2 3 2 51 3 4 1 1 272 1 2 8 050
37 93 Yu? 2 3 2 72 3 4 1 1 300 1 2 8 050
38 94 Vu§ 2 3 2 45 3 4 1 1 255 1 2 8 040
39 95 Vu9 2 2 2 85 3 4 1 1 2 85 1 2 8 050
40 106 vds 2 2 2 148 3 4 1 1 132 1 2 S 025
41 121 [Vitb2 3 1 131 3 4 1 306 3 1 4 030
42 126 vdo6 2 2 2 148 3 4 1 1 132 1 2 5 030
43 141 [Vse5 2 3 1 51 1 4 2 4 176 3 1 7 030
44 142 Vtb3 3 3 1 83 3 4 1 1 300 3 1 4 025

XXzt



36 37 38 39 40 41 42 43 44 45 46 47 48

SI No |TCR |[Code for|Colour |Pubesc|Colour ofjDays [Pos tion |Colour of|Colour | Colour [Size of [Size of Shape of [No of [Keel
No taxa of stem |ence of|sten harr |to of raceme|flower  |of of corolla |flower |bracteole |bracteole |[flowers/r |pocket
stem flowen calyx bud (1 x aceme |length

ng b) (mm)
45 143 vd7 2 2 2 126 3 3 1 1 063 1 2 5 025
46 144 |[Vd8 2 2 2 114 3 3 1 1 132 1 2 5 025
47 147 |Vd9 2 2 2 79 3 3 1 1 090 1 2 5 030
48 155 {Vmsl 3 3 2 55 3 4 2 1 154 3 2 6 050
49 156  |Vtb4 3 3 1 75 3 4 1 1 304 3 1 4 030
50 157 |Vms2 3 3 2 60 3 4 2 1 195 3 2 6 050
51 158 |Vms3 3 3 2 76 3 4 2 1 150 3 2 6 060
52 160 |Vms4 3 3 2 67 3 4 2 1 140 3 2 6 050
53 161 Vvl 4 1 2 67 3 5 1 5 1155 1 2 4 030
54 162 |Vv2 4 1 2 68 3 5 1 5 660 1 2 4 025
55 163 |VdI0 2 2 2 84 3 3 1 1 143 1 2 5 020
56 164 | Vtbs 3 3 1 82 3 4 1 1 150 3 1 4 010
57 165 |Vk 1 2 1 155 2 1 1 1 182 3 1 15 020
58 169  |Vv3 4 1 2 75 3 5 1 5 1155 1 2 6 010
59 171 Vms5 3 3 2 61 3 4 2 1 150 3 2 6 050
60 174 | Vtb6 3 3 1 127 3 4 1 1 247 3 1 4 020
61 176 |Vitb7 3 3 1 130 3 4 3 1 154 3 1 4 050
62 188 |Vi7 2 3 1 63 1 3 2 3 140 2 1 7 050
63 189  {Vtb8 3 3 1 85 3 4 3 1 266 3 | 4 050
64 192 |Vt4 1 1 0 53 3 3 2 1 063 2 2 5 050
65 195 Vtb9o 3 3 1 131 3 4 1 1 294 3 1 4 050

X %Xy



36 37 38 39 40 41 42 43 44 45 46 47 48

Sl No [TCR |Code for|{Colour |Pubesc|Colour of|Days [Posit on |Colour of|Colour | Colour |[S zeof [Sizeof Shape of [No of |Keel
No taxa of stem |ence of |stem hair |to of raceme |flower  |of of corolla |[flower [bracteole |bracteole |flowers/r |pocket
stem flowen calyx bud (I x aceme |length

ng b) (mm)
66 199 vdil 2 2 2 142 3 3 1 1 120 1 2 5 050
67 204 VulQ 2 2 2 85 3 4 1 1 285 | 2 8 040
68 206 |Vtblo 3 3 1 110 3 4 1 1 180 3 1 4 035
69 207 Vh4 2 7 1 48 1 3 I 1 042 1 2 3 050
70 208 Vunl 2 2 2 51 3 5 1 5 552 0 0 4 000
71 214 vdi12 2 2 2 114 3 3 1 1 120 1 2 5 050
72 215 Vst2 3 3 2 48 3 4 2 1 063 2 1 4 040
73 217 Vv4 4 1 2 71 3 5 1 5 12 58 1 2 6 050
74 230 Vms6 3 3 2 79 3 4 2 1 110 3 2 6 0350
75 73> Vvdl3 2 2 2 53 3 1 1 1 081 1 2 3 050
76 234 vdl4 2 2 2 56 3 1 1 1 100 1 2 3 050
77 238 Vsbl 2 2 1 45 1 2 3 2 270 3 2 9 040
78 240 Vsb? 2 2 1 39 I 2 1 2 176 3 2 9 050
79 24] Vsb3 2 2 1 42 1 2 1 2 224 3 2 9 025
80 243 Vt5 2 1 0 45 3 4 2 1 099 2 2 4 030
81 244 V15 2 2 1 56 1 3 1 1 054 1 2 3 030
82 247 Vhé 3 4 1 49 3 3 1 1 048 1 2 5 025
83 249 Vh7 2 2 1 45 1 3 1 1 045 1 2 3 025
84 254 Vms7 3 3 2 71 3 4 2 1 195 3 2 6 050
85 256 Vms8 3 2 2 42 3 4 2 1 168 3 2 6 050
86 258 |vdl15 3 2 2 79 3 [ 1 1 130 1 2 3 025

XXV




36 37 38 39 40 41 42 43 44 45 46 47 48

S] No |TCR |Code tor|Colour |Pubesc|Colour of|Days |Pos tion |Colour of|Colour | Colour |S zeof |Sizeof Shape of [No of [Keel
No taxa of stem lence of |stem hair jto of raceme|flower |of of corolla |flower |bracteole |bracteole [flowers/r|pocket
stem flowen1 calyx bud (1x aceme |length

ng b) (mm)
112 303 Vst3 1 2 2 64 3 3 2 1 070 2 1 5 025
113|305 |Vt7 1 1 0 56 3 3 2 1 040 2 2 5 020
114  |306 |Vt8 1 1 0 50 3 3 2 1 063 2 2 5 010
115 307 |Vh8 3 4 1 55 3 3 1 1 0 64 1 2 5 020
116 (308 {Vun3 2 2 2 98 3 5 2 5 5175 0 0 4 000
117 [310  |Vmul 3 3 2 127 3 4 1 1 165 3 2 5 040
118 [311  [Vib13 3 3 1 57 3 4 2 3 204 3 1 4 050
119 313 Vmu2 3 3 2 86 3 4 1 1 165 3 2 5 025
120 314 Vh9 3 4 1 58 3 3 1 1 048 1 2 5 025
121 318 Vio | 1 0 50 3 3 2 I 130 2 2 5 030
122 319 Vtl0 1 i 0 48 3 3 2 1 048 2 2 5 030
123 (320 |Vtl] 1 1 0 50 3 3 2 1 0380 2 2 5 025
174 321 Vrs1? 2 3 1 52 3 3 2 3 045 2 1 7 030
125 323 Vhi10 2 2 1 55 3 3 1 1 048 1 2 8 030
126|330  |Vug2 2 1 2 58 3 4 1 1 110 1 1 4 025
127 331 Vug3 2 1 2 58 3 4 1 1 110 1 1 4 020
128 334 Vugd 2 1 2 51 3 4 1 1 132 1 1 4 010
129 342 Vtb14 3 3 1 141 3 4 1 1 2170 3 1 4 025
130 345 Vibl5 3 3 1 131 3 4 1 1 320 3 1 4 030
1-1 348 Vitbl6 3 3 1 116 3 4 1 1 204 3 1 4 030
132 [350 |va 3 3 1 84 3 3 1 1 030 2 1 4 025
133 384 Vitbl17 3 3 1 79 3 4 1 1 180 3 1 4 050
134 385 Vitb18 3 3 1 74 3 4 2 1 143 3 1 4 050
3> 3187 vdl7 2 2 2 104 3 3 1 1 132 1 2 5 025

XXxvee



36 37 38 39 40 41 42 43 44 45 46 47 48

Sl No |TCR |Code for|Colour |Pubesc|Colour of|Days |Pos tion |Colour of|Colour | Colour |S ze of [Size of Shape of [No of [Keel
No taxa of stem |ence of|stem hair [to of raceme|flower  |of of corolla |[flower |bracteole |bracteole |flowers/r |pocket
stem flowen calyx bud (I x aceme |length

ng b) (mm)
136 388 Vvdi8 2 2 2 131 3 3 1 1 156 1 2 5 030
137|390 |Vms20 3 3 2 126 3 4 2 1 150 3 2 6 050
138 392 Vms21 3 3 2 75 3 4 2 1 182 3 2 6 050
139 393 Vms22 3 3 2 79 3 4 2 1 154 3 2 6 060
140 397 Vrsl3 2 3 1 63 1 3 2 3 208 2 1 7 0 00
141 398 vdl19 2 2 2 114 3 3 1 1 156 1 2 5 030
142|399 |Vtbl9 3 3 1 126 3 4 3 240 3 1 4 025
143 400 Vrsi4 2 3 1 67 1 3 2 3 154 2 1 020
144|401 |Vd20 3 2 2 114 3 1 1 042 1 2 3 020
145 402 Vtl2 I 1 0 51 3 3 1 1 090 2 2 5 020
146 403 Vtl3 1 1 0 55 3 3 2 1 070 2 2 5 010
147 405 V na 1 1 0 127 1 1 1 1 324 0 0 1 000
148 407 vdzl 2 2 2 144 1 4 2 1 192 1 2 5 050
149 410 Vp 1 2 2 168 3 5 1 5 552 0 0 15 000
150 161 A |VrslS ? 2 1 64 1 2 2 1 154 2 1 9 030

XXvize



49 50 51 52 53 54 55 56 57 58 59 60

SI No [TCR |Code for| Colour of | Pubescence [Peduncle [No of |Nature of | Colourof]Colour }Daysto |Pubesce | Curvature [Pod Shape

No taxa peduncle |of peduncle |length pods/p |pod immature |of first pod |nce of {of Pod length lof pod
(cm) eduncl |attachment |pod mature |maturity |pod (cm) |beak
e to peduncle pod
1 1 Vrsl 2 2 1150 4 2 3 2 76 3 1 422 1
2 2 Vstl 2 3 680 3 3 2 10 72 1 1 330 2
3 3 Vrs2 2 2 1133 4 2 3 2 68 3 1 438 1
4 5 Vrs3 2 2 15 67 4 2 3 2 75 3 1 472 1
5 7 Vrs4 2 2 1150 4 2 3 2 75 3 1 418 1
6 8 Vibl 1 2 18 40 3 2 2 8 100 3 1 650 2
7 9 vdi 1 2 850 3 4 3 2 147 1 2 440 1
8 10 vd2 1 2 790 3 4 3 2 136 1 2 434 1
9 11 Vrs5 2 2 13 27 4 2 3 2 80 3 1 440 1
10 12 vd3 1 2 858 3 4 3 2 134 )\ 2 420 1
11 13 vd4 1 2 867 3 4 3 2 147 1 2 500 1
12 18 Vugl 1 1 1200 2 4 3 2 96 1 3 590 2
13 20 Vg 1 1 37 00 7 2 4 6 96 1 1 770 2
14 |24 |vnl 2 3 520 3 2 3 1 63 1 1 336 1
15 26 Vh2 2 3 1100 3 2 3 1 92 1 1 536 1
16 29 Vh3 2 3 650 3 2 3 1 82 1 1 408 1
17 60 Vrl 3 3 18 50 7 2 2 2 50 3 1 596 1
18 61 Vr2 3 3 11 90 3 2 2 2 50 3 1 526 1
19 62 Vr3 2 3 14 00 3 2 2 2 54 3 1 580 1
20 166  [Vrs6 2 ] 567 3 2 3 2 56 2 1 474 2




49 50 51 52 53 54 55 56 57 58 59 60
S1 No [TCR [Code for| Colour of | Pubescence [Peduncle |No of [Nature of | Colour of|Colour [Daysto {Pubesce | Curvature |Pod Shape
No taxa peduncle |of peduncle |length pods/p |pod immature |of first pod |nceof jof Pod length |of pod
(cm) eduncl |attachment |pod mature jmaturity |pod (cm)  |beak
e to peduncle pod
21 67 Vsel 2 1 8 50 3 3 3 2 65 2 1 502 2
22 68 Vse2 2 1 883 3 3 3 2 63 2 1 714 2
23 69 Vse3 2 1 13 67 3 3 3 2 63 2 1 646 2
24 70 Vrd 2 2 1433 4 2 3 6 48 3 1 668 2
25 71 Vsed ] 2 1540 3 2 2 2 50 3 1 580 2
26 72 Vr3 2 2 1557 4 2 3 3 54 3 1 628 2
27 74 Vr6 2 2 1390 4 2 3 3 56 3 1 648 2
28 83 Vil 1 1 1633 3 3 2 6 71 1 1 570 2
29 84 vt2 1 1 2633 3 3 2 6 87 1 1 538 2
30 86 Vi3 1 1 19 67 3 3 2 6 71 1 1 544 2
31 87 Vul 1 1 14 33 5 4 1 2 81 1 2 938 1
32 88 Vu2 1 1 900 5 4 1 2 66 1 2 886 1
33 89 Vu3 1 1 13 00 5 4 1 2 82 1 2 858 1
34 90 Vu4 1 1 967 5 4 1 2 92 1 2 850 1
35 91 Vu5 1 1 12 67 5 4 1 2 102 1 2 560 1
36 92 Vub 1 1 14 67 5 4 1 2 67 1 2 820 1
37 93 Vu7 1 1 18 67 5 4 1 2 95 1 2 700 1
38 94 Vus 1 1 18 00 5 4 1 2 62 1 2 8§72 1
39 95 Vu9 1 1 12 00 5 4 1 2 102 1 2 670 1
40 106 |vd5s 1 2 890 3 4 3 2 161 1 2 400 1
41 121 Vib2 1 2 20 15 3 2 2 8 100 3 1 550 2
42 126 |Vdé 1 2 1160 3 4 3 2 161 1 2 440 1
43 141 Vse5 2 2 1053 4 2 3 2 68 3 1 406 1
ad 147 |Vtb3 1 2 1500 3 2 2 8 100 3 1 610 2

-




49 50 51 52 53 54 55 56 57 58 59 60
S] No |[TCR |Code for| Colour of | Pubescence |Peduncle [No of |Nature of Colour of{Colour |Daysto [Pubesce | Curvature |Pod Shape
No taxa peduncle |of peduncie (length pods/p [pod immature of firstpod [nce of |of Pod length |of pod
(cm) edunc! |attachment |pod mature |matunty |pod (cm) [beak
e to peduncle pod
45 143 |vd7 1 2 733 3 4 3 2 144 1 2 420 1
46 144 |Vd8 1 2 1433 3 4 3 2 132 1 2 432 1
47 147 {vds 1 2 787 2 4 3 5 92 1 3 522 1
48 155 |Vmsl 1 1 1133 3 5 3 9 82 4 1 350 1
49 156 [Vitb4 i 2 24 33 3 2 2 8 92 3 1 540 2
50 157  |(Vms2 1 1 1217 3 5 3 9 92 4 1 378 1
51 158  |Vms3 1 1 19 67 3 5 3 9 82 4 1 290 1
52 160 |Vms4 1 1 1177 3 5 3 9 92 4 1 338 1
53 161 |vvl 1 1 15 67 2 2 3 2 92 1 1 800 1
54 162 |Vv2 1 1 14 00 2 2 3 2 86 1 1 1194 1
55 163 |Vdlo 1 2 767 2 4 3 5 92 1 3 422 1
5( 164  |Vtb5 1 2 857 3 2 2 8 119 3 1 650 2
57 165 |Vk 1 3 17 40 5 3 3 6 170 2 1 570 1
<8 160 |Vv3 1 1 1333 2 2 3 2 103 1 1 780 1
59 171 |Vms5 1 2 1317 3 5 3 9 83 4 1 376 1
60 174 |Vib6 1 2 19 30 3 2 2 8 71 3 1 560 2
61 176  |Vtb7 1 2 20 56 3 2 2 8 71 3 1 530 2
62 188 |Vi7 2 2 12 17 4 2 3 2 83 3 1 486 1
63 189  |Vtb8 1 2 2167 3 2 2 8 71 3 1 540 2
64 192 |Vi4 1 1 17 67 3 3 2 6 65 1 1 478 2
65 195 Vb9 1 2 2150 3 2 2 8 71 3 1 6 00 2




49 50 51 52 53 54 55 56 57 58 59 60
Sl No ITCR |Code for| Colour of | Pubescence |Peduncle [No of |Nature of Colour offColour |Daysto {Pubesce | Curvature |{Pod Shape
No taxa peduncle |of peduncle |length pods/p |pod mmmature of first pod |nceof [of Pod length |of pod
(cm) eduncl] |attachment [pod mature |matunty |pod (cm)  |beak
e to peduncle pod
66 199  |vdll 1 2 1230 3 4 3 2 161 1 2 470 1
67 204  |Vul0 1 1 950 5 4 1 2 102 1 2 1110 1
68 206  {Vibl0 1 2 2033 3 2 2 8 71 3 1 630 2
69 207 |Vh4 2 3 10 00 3 2 3 1 64 1 1 418 1
70 208 |Vunl 1 1 14 60 2 1 3 7 67 1 1 11 80 1
71 214 |Vd12 i 2 1500 3 4 3 2 132 1 2 362 1
72 215 |Vst2 1 3 7 83 3 3 2 10 76 1 1 382 2
73 217  |Vv4 1 1 18 50 2 2 3 2 97 1 1 1132 1
74 230 |Vms6 1 1 10 67 3 5 3 9 82 4 1 360 1
75 233 |Vd13 1 3 1093 3 4 3 5 71 1 2 344 1
76 234 |Vd14 1 3 850 3 4 3 5 76 1 2 422 1
77 238  |Vsbl 2 1 1117 3 3 3 2 68 2 1 608 2
78 240  |Vsb2 2 1 10 83 3 3 3 2 71 2 1 6 64 2
79 241 |Vsb3 2 1 900 3 3 3 2 71 2 1 642 2
80 243 |Vi5 1 1 2567 3 3 3 5 62 1 1 532 2
81 244  |VhS 2 3 13 83 3 2 3 1 71 1 1 312 1
82 247 |Vhé 2 3 1183 3 2 2 1 63 1 1 408 1
83 249  |Vh7 2 3 13 67 3 2 3 1 71 1 i 3 56 1
84 254  |Vms7 1 1 14 00 3 5 3 9 82 4 1 392 1
85 256 |Vms8 1 1 933 3 5 3 9 75 4 1 392 1
86 258 |vdl1s 2 2 10 83 2 4 3 5 99 1 3 458 1

<
<
<




49 50 51 52 53 54 55 56 57 58 59 60
S! No [TCR |Code for| Colour of | Pubescence |Peduncle {No of |Nature of | Colourof|Colour [Daysto (Pubesce | Curvature |Pod Shape
No taxa peduncle |of peduncle Jlength pods/p |pod immature |of first pod [nce of |of Pod length |of pod
(cm) eduncl |attachment |pod mature |matunity |pod (cm)  |beak
e to peduncle pod

87 259  |Vms9 1 1 697 3 5 3 9 83 4 1 378 1
88 260  [Vmsl0 1 1 767 3 5 3 9 80 4 1 400 1
89 262 |Vmsll 1 1 1243 3 5 3 9 80 4 1 386 1
90 265 |Vmsl2 1 1 11 00 3 5 3 9 77 4 1 404 1
91 266 |Vmsl3 1 1 800 3 5 3 9 76 4 1 396 1
92 267 |Vmsl4 1 1 1133 3 5 3 9 75 4 1 400 1
93 268 |V 1 1 8 00 3 3 3 2 77 1 1 350 1
94 270  |VmslS 1 1 12 83 3 5 3 9 80 4 1 320 1
95 271  |Vmslé 1 1 8 50 3 5 3 9 80 4 1 338 1
pl¢ 272 |{Vmsl7 1 1 10 67 3 5 3 9 76 4 1 398 1
)7 273 |Vseb 2 1 12 83 3 3 3 2 96 2 1 370 2
)8 274 |vdl6 3 3 16 40 3 4 3 5 92 1 1 370 1
99 275 |Vmsl8 1 1 843 3 S 3 9 80 4 1 396 1
100 276 |Vmsl9 1 1 900 3 5 3 9 76 4 1 398 1
101 1277 |Vibll 1 2 22 30 3 2 2 8 82 3 1 640 2
102 1278  |Vrs7 2 2 10 50 4 2 3 2 80 3 1 4 46 1
103|279 |Vrs8 2 2 1533 4 2 3 3 80 3 1 4 46 1
104 (284 |Vun2 1 1 15 60 2 1 3 7 61 1 1 12 46 1
105 1290 |Vitbi2 1 2 10 83 3 2 2 2 85 4 1 4 60 2
106 {295 |Vt6 1 1 18 17 3 3 3 5 63 1 1 490 2
107  |297 |Vrs9 2 2 1043 4 2 3 3 83 3 1 400 1
108|298 [Vull 1 1 14 50 5 4 1 2 98 1 2 10 80 1
109 [300 [Vs10 2 2 1733 4 2 3 3 77 3 1 4 40 1
110|301 |Vrsll 2 2 12 67 4 2 3 3 71 3 1 444 1
2 i 1 2 16 50 5 2 2 8 169 4 1 620 2




[ 49 50 51 52 53 54 55 56 57 58 59 60
Sl No |TCR |Code for| Colour of | Pubescence |Peduncle [No of |Nature of | Colour of{Colour |Daysto (Pubesce { Curvature |Pod Shape
No taxa peduncle |of peduncle |length pods/p |pod immature |of firstpod |nce of |of Pod length [of pod
(cm) eduncl |attachment |pod mature |matunty |pod (cm)  |beak
e to peduncle pod
112 1303 |Vst3 1 1 567 3 3 2 10 66 1 1 2 46 2
113 1305 |Vt7 1 1 2017 3 3 2 6 71 1 1 498 2
114 |306 |Vi8 1 1 1533 3 3 2 6 68 1 1 516 2
115 {307 [Vh8 2 3 625 3 2 2 1 68 1 1 406 1
116 |308 |Vun3 1 1 13 67 2 1 3 7 113 1 1 1190 1
117|310 |Vmul 2 3 14 00 3 2 3 9 144 3 1 390 2
118 [311  [Vtbl3 1 2 3033 3 2 2 8 79 3 1 590 2
119 313 |Vmu2 2 3 15 00 3 2 3 9 95 3 1 424 2
120|314 |VhS 2 3 967 3 2 2 1 76 1 1 408 1
121 318 |Vi9 1 1 2000 3 3 2 6 65 1 1 476 2
122|319 [vtio I 1 2133 3 3 2 6 71 1 1 490 2
123|320 |Vill 1 1 19 50 3 3 2 6 71 1 1 532 2
124 (321 |Vrsl2 2 2 1333 4 2 3 3 71 3 1 442 1
125 323 |Vhi0 1 2 18 50 2 2 2 1 68 1 1 316 1
126 (330 |Vug2 1 1 10 67 2 4 3 2 76 1 3 502 2
127|331  [Vugld 1 1 967 2 4 3 2 77 1 3 4 88 2
128 334 [Vugd 1 1 1033 2 4 3 2 71 1 3 520 2
129 |342 |Vitbl4 1 2 10 67 3 2 2 8 79 3 1 550 2
130 (345 |Vibl5 1 2 18 30 3 2 2 8 79 3 1 650 2
131  |348 |Vibl6 1 2 1533 3 2 2 8 79 3 1 504 2
132 {350 [Va 1 3 340 3 3 3 6 107 1 1 5 60 1
133 |384 |Vibl7 1 2 2167 3 2 2 8 61 3 1 578 2
134  |385 [Vtbl8 1 2 24 67 3 2 2 8 96 3 1 602 2
135 (387 [Vvdi7 1 2 1100 3 4 3 2 116 1 2 382 1J




49 50 51 52 53 54 55 56 57 58 59 60
Sl No |TCR |[Code for| Colour of | Pubescence [Peduncle [No of {Nature of | Colour of|Colour |Daysto [Pubesce | Curvature |Pod Shape
No taxa peduncle |of peduncle |length pods/p {pod immmature Jof first pod [nce of |of Pod length |of pod
(cm) eduncl |attachment |pod mature |{maturity (pod (cm)  [beak
e to peduncle pod
136 [388 [|Vdi8 1 2 1050 2 4 3 5 93 1 3 334 1
137 (390 [Vms20 1 1 10 67 3 5 3 9 96 4 1 380 1
138 1392 |Vms2l 1 1 1167 3 5 3 9 96 4 1 3 80 1
139|393 [Vms22 1 1 933 3 5 3 9 99 4 1 396 1
140 [397 [Visl3 2 2 950 4 2 3 3 83 3 1 420 1
141 {398 |Vd19 1 2 1217 3 4 3 2 132 1 2 4176 1
142 [399 |Vib19 1 2 14 83 3 2 2 8 85 3 1 580 2
143|400  |Vrsl4 2 2 §83 4 2 3 3 83 3 1 424 i
144 1401 |Vd20 2 2 933 2 4 3 5 68 1 3 420 1
145 1402 |Vt12 1 1 3933 3 4 2 2 80 1 1 534 2
146 403  [Vti3 1 1 2300 3 3 2 6 71 1 1 524 2
147 [405 (Vma 1 1 360 1 4 2 6 166 2 1 330 2
148 1407 |Vd2l 2 2 1217 3 4 3 2 171 1 2 510 1
149 1410 |Vp 1 3 650 3 4 3 4 184 4 1 850 1
150 {161 A |Visl5 2 1 8 50 3 3 3 2 89 2 1 536 2




61 62 63 64 65 66 67 68 69 70 71 72
Sl No |TCR |Code for| Cross |No of |Shape |Colour of seed Lustre |Mottimg (100 Seed [Seed [Shape |Hilum [Seed
No taxa section (seeds/p|of seed onseed Jonseed Jseed |length |width |of length |yreld/pl
of pod |od surface |surface |weight |(mm) |(mm) [hlum |(mm) (ant (g)
&
1 1 Vrsl 2 1220 3 |Blackish brown 0 0 082 | 251 198 1 159 2664
2 2 Vstl 2 620 3 |Cream mottled with black 0 2 103 256 192 3 118 15
3 3 Vrs2 2 1160 3 |Blackish brown 0 0 085 | 257 | 238 1 157 | 3783
4 5 Vrs3 2 10 80 3 |Blackish brown 0 0 085 | 255 | 228 1 17 | 4037
S 7 Vrs4 2 920 3 |Blackish brown 0 0 108 301 224 1 192 | 6662
6 8 Vibl 1 14 20 2 |Black 0 1 231 344 | 336 2 188 | 2231
7 9 vdl 1 1120 3 Greyish green mottled with 1 2 104 249 212 3 107 529
black
8 10 vdz 1 900 3 |Greyish green mottled with 1 2 106 | 303 ) 205 3 148 | 1594
black
9 11 Vrs5 2 980 3 |Blackish brown 0 0 132 | 289 24 1 169 | 3311
10 12 vd3 1 1100 3 |Greyish green mottled with 1 2 10t 279 22 3 16 | 3934
black
11 13 Vd4 1 11 40 3 Greysh green mottled with 1 2 109 326 227 3 21 1871
black
12 18 Vugl 2 10 80 4 [Mottled black 1 2 095 | 297 195 1 114 ] 2208
13 20 Vg 2 980 3 |Black 1 0 317 | 431 308 1 251 {21112
14 24 Vhl 2 820 3 |Grey sh mottled with black 0 2 052 23 177 3 092 | 052
15 26 Vh2 2 8 40 3 |Greyish mottled with black 0 2 063 | 244 | 201 3 094 | 193
16 29 Vh3 2 920 3 |Greyish mottled with black 0 2 061 24 186 3 112 | 542
17 60 Vrl 2 10 80 2 |Green 0 0 231 369 28 1 175 | 811
18 61 Vr2 2 1120 2 |Green 0 0 177 ] 294 27 1 25 471
19 6? Vr3 2 11 00 2 |Intermediate green 0 0 217 385 279 1 188 | 2755
n Ah Vrs6 2 2 00 3 |Blackish brown 0 0 067 25 209 1 153 | 2643




-

61 62 63 64 65 66 67 68 69 70 71 72
Sl No |TCR |Code for| Cross |No of |Shape |Colour of seed Lustre |Mottling [100 Seed |Seed {Shape (Hilum |[Seed
No taxa section |seeds/p|of seed onseed |onseed |seed |length [width |of length |y1eld/pl
of pod |od surface [surface |weight |(mm) |(mm) |hlum ((mm) |ant(g)
@
21 67 Vsel 2 1100 2 |Black 0 0 096 | 294 [ 242 2 148 | 3569
22 68 Vse2 2 14 80 2 |Black 0 0 124 | 353 | 228 2 123 [ 1672
23 69 Vse3 2 14 40 2 |Black 0 0 139 ) 257 ] 266 2 139 | 471
24 70 Vrd 2 1140 2 |Green 0 0 227 | 338 ] 296 1 148 | 164
25 71 Vsed 2 12 60 2 |Black 0 0 117 | 237 | 227 2 127 | 2067
26 72 Vr5 2 10 00 2 |Green 0 0 313 39 324 1 189 | 45
27 74 Vr6 2 12 60 2 |Light green 0 0 196 | 359 | 2359 1 159 | 1041
28 83 Vil 2 13 40 3 |Blackish grey 0 1 094 | 289 | 193 1 167 | 118
29 84 Vi2 2 13 60 3 |Blackish grey 0 1 083 {277 | 197 1 151 | 979
30 86 Vi3 2 12 60 3 |Blackish grey 0 1 093 | 303 | 226 1 158 | 1791
31 87 Vul 1 720 4 |Greemsh brown 1 0 613 | 788 } 379 3 378 | 9598
32 88 Vu2 1 7 40 4  |Greemsh brown 1 0 572 | 687 | 368 3 325 | 7551
33 89 Vu3 1 800 4  |Light greenish brown 1 0 463 | 679 | 284 3 288 | 5522
34 90 Vud 1 6 00 4  |Light greemsh brown 1 0 555 | 674 | 347 3 347 15595
35 91 Vus 3 580 4  |Green 1 0 577 | 704 | 433 3 358 | 1257
36 92 Vub 1 706 4 |Black 1 2 457 | 679 | 397 3 31 733
37 93 Vu? 2 720 4 |Green sh yellow 1 0 489 | 592 | 327 3 298 | 851
38 94 Vu8 1 7 80 4 |Brown 1 0 753 | 832 | 418 3 404 | 4336
39 95 Vu9 2 600 4 |Mottled green 1 0 656 | 691 | 401 3 34 | 4912
40 106 |Vds 1 9 60 3 |Grey sh green mottled with 1 3 099 | 303 2 3 204 2
black
41 121 [Vib2 1 12 00 2 |Black 0 1 16 318 | 233 2 187 | 2242
42 126 vdé6 1 1040 3 |Greyish green mottled w th 1 3 089 282 187 3 159 | 613
black
43 141 |Vse$ 2 10 40 2 |Black 0 0 082 26 211 2 167 | 6309
A7 VM 1 12 00 2 |Black “O ] 164 | 311 | 287 2 187 | 613
»



61 62 63 64 65 66 67 68 69 70 71 72
S| No [TCR [Code for| Cross |No of {Shape (Colour of seed Lustre |Motthng |100 Seed [Seed |Shape |Hilum |Seed
No taxa section |seeds/plof seed onseed [onseed ([seed {length [width |of length |[yeld/pl
of pod |od surface |surface  |weight |(mm) |(mm) |mlum ((mm) |ant (g)
&)
45 143 vd7 2 960 3 |Greyish green mottled with 1 2 093 | 263 185 3 161 | 4148
black
46 144 |Vd8 2 7 80 3 |Greyish green mottled with 1 3 098 | 299 182 3 195 | 4947
black
47 147 |VdS 2 1020 3 |Greysh green mottled with 1 3 108 | 307 19 3 19 | 5883
black
48 155 Vmsl 2 8 00 1 Mottled blackish brown 0 2 147 301 267 3 228 | 4626
49 156 |{Vtb4 1 980 2 |Black 0 1 127 | 293 23 2 134 | 3786
50 157  |Vms2 2 900 1  |Mottled blackish brown 0 2 141 | 299 { 274 3 203 | 419
51 158 |Vms3 2 640 1 (Mottled blackish brown 0 0 124 | 289 | 263 3 214 | 4386
52 160 |Vms4 2 900 1 |Mottled blackish brown 0 2 285 | 392 | 311 3 217 | 6751
53 161 Vvl 2 120 5 |Blackish brown 1 0 129 | 413 | 219 1 203 | 185
54 162 |Vv2 2 16 00 5 |Blackish brown 1 0 183 | 434 | 252 1 203 | 1267
55 16> |Vvdlo 2 700 3 [Greysh green mottled with 1 3 072 | 317 194 3 216 | 1897
black
56 164  [VtbS 1 12 60 2 |Black 0 1 159 | 314 | 306 2 179 | 1455
57 165 |Vk 2 10 00 3 |Blackish brown 0 0 41 44 346 2 152 | 281
58 169 |Vv3 1 12 20 5 |Blackish brown 1 0 106 | 418 | 281 1 206 | 147
59 171 |Vms5 2 820 1 |Mottled blackish brown 0 0 131 | 294 | 246 3 235 | 6361
60 174 {Vtbb 1 12 40 2 |Black 0 1 088 | 288 | 215 2 139 | 1615
61 176 |Vib7 1 12 00 2 |Blackish grey 0 1 107 | 298 24 2 171 | 1543
62 188 (V17 2 920 2 |Intermed ate green 0 0 171 305 218 1 174 | 2893
63 189  |Vtb8 1 980 2 |Blackish grey 0 1 067 | 292 | 231 2 128 | 1804
64 192 (V4 2 10 80 3 |Blackish grey 0 1 08 245 222 1 132 | 2366
65 195 Vib9 2 1300 2 |Black 0 1 147 311 224 2 263 | 3673




61 62 63 64 65 66 67 68 69 70 71 72
S] No |TCR |Code for| Cross |No of {Shape [Colour of seed Lustre |Mottling {100 Seed |Seed |Shape |[Hilum {Seed
No taxa section |seeds/p|of seed onseed lonseed [seed length (wadth [of length |yield/pl
of pod |od surface [surface |weight [(mm) |(mm) [hilum |[(mm) |ant(g)
(2)
66 199 (Vdll 1 9 60 3  |Greyish green mottled with 1 2 09 2 83 221 3 197 | 2052
black
67 204 1Vul0 1 960 4 |Light greenish brown 1 0 701 739 | 429 3 325 19141
68 206 |ViblO 2 14 00 2 |Black 0 0 163 307 § 284 2 231 | 337
69 207 |Vh4 2 980 3 |Greyish mottled with black 0 3 067 26 208 3 123 | 629
70 208  |Vunl 1 11 00 5 {Chocalate brown 0 0 1134 | 744 | 555 1 361 | 2535
71 214 |VdI2 2 930 3 |Greyish green mottled with 1 3 1 282 | 197 3 183 | 4389
black
72 215 Vst2 2 8 00 3  |Cream mottled with black 0 2 08 275 191 3 116 16
73 217  |Vv4 1 18 60 5 |Blackish brown 1 0 173 484 | 302 1 218 | 1168
74 230 Vms6 2 800 1 |Mottled blackish brown 0 2 163 319 263 3 16 253
75 233 [Vd13 2 8 20 3 |Greyish green mottled with 1 2 068 | 239 182 3 148 | 4267
black
76 234 |Vdl4 2 8 60 3 |Greyish green mottled with 1 2 08 259 | 211 3 14 | 5526
black
77 238 |Vsbl 2 10 60 3  [Mottled grey 0 0 157 | 287 | 251 2 100 | 3399
78 240 |\Vsb2 2 14 40 3 |Black 0 0 145 26 23 2 080 | 2330
79 241 Vsb3 2 13 60 3 |Black 0 0 135 | 274 22 2 090 | 1460
80 243 ViS5 2 11 00 3  |Blackish grey 0 1 089 29 199 1 16 | 1127
81 244  |VhS 2 8 60 3  |Greyish mottled with black 0 2 085 | 213 152 3 083 | 2339
82 247  [Vh6 2 10 00 3  [Greyish mottled w th black 0 2 063 | 236 171 3 112 | 2348
83 249  |Vh7 2 8 60 3 |Greyish mottled with black 0 3 062 | 238 | 198 3 099 | 1831
84 254  |Vms7 2 720 1 |Mottled blackish brown 0 2 157 | 316 | 312 3 232 | 443
85 256 |Vms8 2 7 00 1 ]Mottled blackish brown 0 2 192 | 349 | 275 3 282 | 1090
86 258 |Vdl5 2 8 80 3 |Greyish green mottled with 1 2 08 | 279 | 245 3 164 | 4628
B black




61 62 63 64 65 66 67 68 69 70 71 72
Sl No |[TCR |[Code for| Cross [No of |Shape [Colour of seed Lustre [Motthing 100 Seed |Seed |[Shape |Hilum |Seed
No taxa section |seeds/p|of seed onseed [onseed [seed |length |width |of length |yield/pl
of pod Jod surface |surface [weight {(mm) |(mm) |lum |(mm) |ant(g)
®
87 259  |Vms9 2 920 1 |Mottled blackish brown 0 2 156 | 299 26 3 224 | 652
88 260  |VmslO 2 960 1 |Mottled black sh brown 0 2 132 | 303 | 249 3 268 | 6096
89 262  |Vmsll 2 920 1 |Mottled blackish brown 0 2 144 | 287 | 241 3 24 | 6096
90 265 [Vmsl2 2 920 1  |Mottled blackish brown 0 2 179 33 2 64 3 199 | 7945
91 266 |Vmsl3 2 8 00 1 |Mottled blackish brown 0 2 17 318 | 251 3 182 | 969
92 267 |Vmsl4 2 8 80 1 |Mottled blackish brown 0 2 168 | 318 | 288 3 245 [ 7921
93 268 [V 2 8 60 3 |Mottled black 0 2 054 { 233 | 175 3 106 | 2075
94 270 |Vmsl$5 2 7 60 1  |Mottled blackish brown 0 2 164 | 304 | 274 3 217 {9538
95 271 |Vmslé 2 580 1 |Mottled black 0 2 08 301 | 232 3 222 | 3205
96 272 |Vmsl7 2 860 1 |Mottled blackish brown 0 2 173 | 344 | 286 3 234 13026
97 273 |Vse6 1 10 00 2 |Black 0 0 171 | 308 | 287 2 147 | 2189
98 274 |Vdl6 2 9 60 3 |Greyish green mottled with 1 2 084 27 17 3 205 | 8752
black
99 275 |Vmsl8 2 8 80 1 |Mottled blackish brown 0 2 149 | 294 | 248 3 231 | 7827
100 276 Vmsl9 2 8 80 1  |Mottled blackish brown 0 2 153 293 25 3 16 5941
101 [277 |Vibl] 1 13 60 2 |Black 0 0 171 | 318 | 235 2 184 | 3827
102|278  |Vris7 2 10 80 3 iBlackish brown 0 0 08 278 | 195 1 152 [ 3200
103|279  |Vrs8 2 12 40 3 |Blackish brown 0 0 085 | 248 | 218 1 168 | 2825
104 |284 |Vun2 1 10 60 S5 |Cream 0 0 428 | 548 35 1 225 2424
105 1290 [Vitb12 2 12 00 2 |Black 0 0 077 | 258 | 204 2 155 | 551
106|295  [Vt6 2 13 60 3 |Blackish grey 0 1 076 | 258 | 189 1 156 | 214
107 1297  |Vrs9 2 10 00 3 |Blackish brown 0 0 1 242 23 1 188 | 6890
108 (298 |Vull 1 700 4 |Green 1 0 594 | 667 | 381 3 278 [17073
109 1300 Vrs10 2 11 60 3 |Blackish brown 0 0 083 257 222 1 194 | 4778
110 301 Vrsll 2 10 40 3  |Black sh bro ¥n 0 0 121 3 267 1 239 | 7063
200 7 13 00 3 |Black 0 0 135 34 273 2 199 | 163




61 62 63 64 65 66 67 68 69 70 71 72
Sl No |TCR |Code for{ Cross |No of [Shape {Colour of seed Lustre |Mottling ]100 Seed [Seed |Shape [Hilum [Seed
No taxa section |seeds/p [of seed onseed |onseed |seed (length [width |of length |y1eld/pl
of pod |od surface |[surface |weight |[(mm) ((mm) (hilum [(mm) [|ant(g)
(2
112|303  |[Vst3 2 6 40 3 {Cream mottled with black 0 2 045 21 181 3 106 | 231
113 (305 |Vt7 2 940 3 |Blackish grey 0 1 09 261 197 1 12 | 1198
114 |306 |Vi8 2 140 3 |Blackish grey 0 1 098 | 295 | 201 1 151 [ 3309
115|307 [|Vh8 2 940 3 |Greyish mottled with black 0 2 055 | 212} 155 3 094 ) 1593
116 1308 |Vun3 1 12 00 5 |[Cream 0 0 487 § 596 | 415 1 288 | 557
117 310 |Vmul 2 620 3 |[Mottled black 0 0 283 | 397 | 285 3 241 | 607
118 (311 |Vtbl3 1 13 60 2 |Black 0 0 146 | 311 | 286 2 154 | 1164
119|313 |Vmu2 2 5 60 3 |Blackish brown 0 0 456 | 494 | 367 3 341 |12629
120|314 |Vh9 2 1140 3 |Greyish mottled wath black 0 2 054 | 217 | 176 3 091 | 734
121|318 |Vi9 2 11 00 3 |Black sh grey 0 1 081 ) 255 | 198 1 155 | 2555
122 {319  |Vi10 2 11 60 3 |Blackish grey 0 1 087 [ 257 | 207 1 147 | 214
123|320 [Vtll 2 12 20 3 |Blackish grey 0 1 088 | 246 | 192 1 159 (1721
124|321  |Vrs12 2 10 60 3 |Blackish brown 0 0 095 | 261 | 235 1 224 | 3150
125 1323 |Vh10 2 900 3 |Greyish mottled wath black 0 2 049 | 203 191 3 093 | 279
126|330 |Vug2 2 1020 4 |Black 1 3 095 | 303 | 218 1 167 | 1849
127 [331  |Vug3 2 1120 4 |Black 1 3 122 | 293 | 242 1 176 | 2223
128 (334  |Vugd 2 10 80 4 |Black 1 3 127 | 391 | 243 1 156 | 2163
129 [342 [Vibl4 1 12 00 2 |Black 0 0 153 | 313 | 277 2 146 | 3733
130 [|345 |Vtbl5 1 1100 2 |Black 0 0 183 | 364 | 307 2 238 | 2381
131 1348 |Vibl6 1 10 00 2 [Black 0 0 124 | 332 28 2 2 2175
132 350 Va 2 400 4  (Intermediate green 1 0 200 | 416 208 1 158 | 028
133|384 |Vitbl7 2 10 40 2 |Black 0 1 145 | 304 | 285 2 182 (14854
134 |85 [Vibl8 2 11 00 2 |[Black 0 1 142 | 289 | 202 2 167 {16108
135 (387 [vd17 1 960 5> |Greyish green mottled w th 1 2 082 25 216 3 168 | 26 06
black
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8! No [TCR (Code for{ Cross |No of {Shape |Colour of seed Lustre [Mottlmg 100 Seed [Seed |Shape [Hilum |Seed
No taxa section |seeds/p|of seed onseed jonseed [seed |(length |wdth |of length (yield/pl
of pod |od surface |surface |weight |(mm) [|(mm) [lum [(mm) |ant (g)
®
136 1388 |Vvdi8 2 8 40 3 |Greysh green mottled with 1 2 084 279 | 183 3 172 | 2836
black
137 {390 {Vms20 2 720 1 [Mottled blackish brown 0 2 147 | 327 | 299 3 242 | 2728
138 1392 |Vms2! 2 740 1 (Mottled blackish brown 0 2 134 | 307 | 322 3 237 | 9832
139 {393 |Vms22 2 7 80 1 |Mottled blackish brown 0 2 146 | 326 | 301 3 221 | 8278
140|397 |Vrsl3 2 920 3  |Blackish brown 0 0 079 | 262 | 233 1 189 | 1599
141 398 |Vvdi19 1 820 3 |Greyish green mottled with 1 2 098 | 273 255 3 172 | 1812
black
142 (399 |Vibl9 1 11 80 2  |Black 0 1 15 316 | 322 2 146 | 9727
143|400 [Visl4 2 1040 3  |Blackish brown 0 0 074 | 243 | 222 1 183 | 3936
144 401 |Vd20 2 1020 3 |Greyish green mottled with 1 2 103 | 273 | 215 3 171 | 4856
black
145 1407 |jVtI2 2 12 60 3 |Blackish grey 0 1 084 | 258 | 191 1 164 | 1512
146 1403 [Vtl13 2 10 80 3 |Blackish grey 0 1 075 | 235 19 1 156 | 1595
147 |405 [Vma 2 530 1 |Brown 0 0 400 | 512 | 455 2 289 | 020
148 1407 |vd2l 1 900 3 |Greyish green mottled with 1 3 129 | 326 | 283 3 158 | 4816
black
149 1410 [Vp 2 10 00 1 |Brown 0 0 600 | 595 | 446 294 | 042
150 1161 A [Vrsl5 2 13 40 3 |Blackish brown 0 0 081 | 252 | 217 1 113 | 3208




