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Dî  V V  RihHrakrishnaii
(Member Adv sory Committee) 

Piofessor & Head 
Department of Plant Breeding and Genetics 

College of Horticulture Vellamkkara

Dr Z Abraham
(Member Advisory Com nttec) 

Principal Scientist & Officer in charge 
NBPGRRS Vellan kkara

Dr R Sujatha
(Member Advisory Committee) 

Assistant Professor (Sr Scale) 
Centre for Plant Biotechnology 

knd Molecular B ology 
College of Horticulture Vellamkkara

s k -JL_Sri S Kn hnui
(Member Advisory Committee) 

Assistant Professor (Selection Grade) 
Department of Agricultural Statistics 
College of Horticilture Vellamkkara



ACKNOWLEDGEMENT
Out of deep feelings of indebtedness I take this opportunity with 

pnde and pleasure to extend my heartiest gratitude and profound thanks 
to the chairperson of my advisory committee Dr K T Presannakum an 
Professor Plant Breeding and Genetics for her meticulous and immaculate 
guidance learned counsel and scintillating suggestions in garnishing this 
study

I express my smcere gratitude and heartful thanks to the members of 
my advisory committee Dr VV  Radhaknshnan Professor and Head 
Department of Plant Breeding and Genetics Dr Z Abraham Principal 
Scientist and Officer m charge NBPGR RS Thnssur and Dr R Sujatha 
Assistant Professor (Sr Scale) CPBMB for their candid suggestions and 
inspirations throughout the study

My smcere and heartful thanks are due to Sri S Knshnan Assistant 
Professor (Selection Grade) Department of Agricultural Statistics 
(member advisory committee) for his valuable guidance and suggestions 
made m this study Without his mputs the study would have been 
mcomplete

I owe my deep sense of gratitude and grateful regards to my friend 
Dr R Senthil Kumar Associate Professor CPMB TNAU for the help 
rendered in completing the molecular work associated with this study My 
sincere thanks are d le to all the staff members and SRFs of the CPMB 
TNAU for the help extended during my lab work



I would like to express my profound thanks to all my colleagues and 
staff members of my institute NBPGR RS Thnssur for their 
encouragement and suggestions provided during the course of this study

I place my grateful thanks to Dr P Amala Balu Associate Professor 
TNAU for her continuous encouragement and help provided during my 
study

Whole hearted thanks are due to staff members Dr C R Elsy Dr 
Dijee Bastian Dr Jrji Joseph Dr Rose Mary Francis and the students of 
Plant Breeding Genetics department KAU Raji Gayathn and Vidh i for 
their help and valuable suggestions added to my study

Last but not least I thank the Directors of NBPGR for allowing me to 
undergo this study and complete the work

M LATHA



CONTENTS

Chaptei Page Numbe

1 INTRODUCTION 1

2 REVIEW OF LITERATURE j

j  MATERIALS AND METHODS 16

4 RESULTS 35

5 DISCUSSION 81

6 SUMMARY 92

7 REFERENCES

S ABSTRACT

9 APPENDICES xlv



LIST OF TABLES

No Title Page
No

1 Cultivated species m the genus Vigna 5

2 Rev sed list of taxa of As atic Vigna occurring m Asia Pacific legion 6

3 Vigna species belonging to sub genera other than Ceratotropis 
occurring m Asia Pacific region 7

4 Vigna species and their w Id forms occunmg m India 8

5 Accessions under the taxa Vigna i sed for study 17 20

6 Descriptor and descriptor states used for recordmg observation 21 26

7 Deta Is of pr mers used for ISSR analysis 32

8 Grouping of 150 taxa of Vigna 36

9 Variability in qualitative characters of different taxa of Vigna 37 42

10 Variability parameters m 150 accessions of taxa of Vigna 44

11 Clustenng pattern based on qualitative characters 46

12 Clustering pattern based on quant tative characters 48

13 Intra and nter cluster distances between clusters 47

14 Storage pest nfestation in different taxa of Vigna 50 53

15 Pollen morphology of d fferent taxa of Vigna 54



16 Accessions selected foi biochemical characterisation 06

17 Cli stenng pattern based on isozyme markers 58

18 Polymorphic bands produced in j3 taxa of Vigna with 10 ISSR 
pr mers 59

19 Cluster ng pattern based on molecular markers 61

20 Homology between clustering pattern based on qualitative and 
quantitative characters 62

21 Summar) statistics of quantitative characters m different quantitative 
clusters 64

22 Range for various quantitative characters in different taxa 66 67
23 Weighted averages of various quantitative characters in different taxa 68 69
24 Homology between clustering pattern based on qualitative 

quantitative and isozyme markers 72 7j

25 Homology between clustering pattern based on qualitative 
quantitative and molecular markers 74 75



LIST or TIGURES

No Title
After
page
no

1 Dendrogram based on s m lar ty coefficient among 150 accessions 
of taxa of V gna 45

2 Cluster d agram si owing cluster d stances 48

3 F equency d stnbution foi storage pest infestat on 48

4 Dendrogram based on sozyme markers 56

5 Dendrogram based o ISSR markets 60

6 Percent distr but on of accessions n qualitative and quantitat ve 
cl sters 6j>

7a Key quant tatn e characters of taxa m q alitative cluste I 76

7b Ke) quantitative characters of taxa n qi alitative cluster I 76
7c Key quantitative characters of taxa in quahtat ve cluster 11 76
7d Key quant tat ve characters of taxa m qualitative cluster III 76

7e Key quant tat ve cl aracte s of taxa in quahtat ve cluste III 76
7f Key q antitative characters of taxa in qual tative clustei V 76
7g Key q antitative characters of taxa m qualitative cluster VII 76
7h Key quant tat ve characters of taxa in q alitative cluster IX 76



LIST or PLATES

No Title
After
page
no

la Germination behaviour n Vigna taxa 42
lb Geinnnation behaviour in Vigna taxa (epigeal and sub sessile) 49
lc Germination behaviour in Vigna taxa (Hypogeal and petiolate) 42
2 Variability n lobing of terminal leaflet in different taxa of Vigna 42
3a Variabil ty in ornamentat on of leaf m Vigna taxa 43
3b Variability in ornamentation of leaf m Vigna taxa 43
4 Variabil ty m stipule size and shape in different taxa of Vigna 43
5 Variabil ty m keel pocket m different taxa of Vigna 45
6a Pollen morphology oi different taxa of Vigna 54
6b Pollen morphology of different taxa of Vigna 54
7 Isozyme marker profile of different taxa of Vigna based on 

peroxidase enzyme }7
8 Isozyme markei profile of d fferent taxa of Vigna based on pol> 

phenol ox dase enzyme 57
9a ISSR marker profile using primer UBC841 59
9b ISSR marker piofile using pnmei UBC842 59
9c ISSR marker profile using primer UBC857 59
9d ISSR marker profile using primer UBC809 59
9e ISSR marker profile using pnmer UBC840 d9
9f ISSR marker profile using pnmer UBC810 59
10 V pilosa 80
11 V mai na 80
12 V acomtifoha 80
13 V glabi escens 80



14 V dalzelhana 80

15 V stipulaceae 80
16 V umbel lata var gi acihs 80

17 V trinei via var bourneae 80

18 V ti me} i ta var ti wervia 80
19 V i mbellata var umbellata 80
20 J igna species nova 80
21 V khandalensis 80
22 V mimgo var mungo 80
23 V mungo var sylvesti is 80
24 V adiata var setidosa 80
25 V haimana 80
26 V radiata var i adiata 80
27 V n  biamamana 80
28 V radiata var sublobata 80
29 V i exdlata 80
30 V i nguicalata 80
31 V t dobata 80





1

1 Introduction

Vigna belonging to the family Legummoseae is a large genus comprising of seven 
sub genera and over 150 species (Verdcourt 1970 Marechal and Baudoin 1978) The seven 
sub genera m the genus Vigna namely Ceratotropis Haydoma Lasiopron Macrorhyncha 
Plectotropis Sigmoidotropis and Vigna were recognized by Marechal and Baudoin (1978) 
Of these two sub genera Vigna and Ceratotrop s contain most of the important cultivated 
species The sub genus Vigna includes Vigna imgi ic 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 cultivated (Verdcourt 1970 
Marechal and Baudo n 1978) The cultivated species under the sub genus Ceratotropis 
include Vigna radiata (mung bean or green gram) V m igo (urd bean or black gra n) V 
i n bellata (r ce bean) V aconit folia (moth bean) and V t lobata Out of the 21 species of 
As an Vigna 15 16 are found m Ind a (Tomooka et al 2003) The occurrence and 
taxonomical ident f  cat on of these spec es are still confusing and a comprehens ve 1 st of 
spec es occun 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 ident ty is correct

Genetic d versity is 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 
assess nen of gene c vanab 1 ty el nn 0 ro e al effec s Assess nent of genet c
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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 in the area of 
plant biotechnology by their ability to produce umque DNA profiles m various crops The 
genes controlling several traits of agronomic importance have been mapped and tagged 
These markers assist m breeding programs and even in isolation 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 c 
resources of the genus Vigna was taken up in this background with the following objectives 

1 characterize the available accessions of Vigna germplasm at National Bureau 
of Plant Genet c Resources (NBPGR) Regional Station Vellan kkara 
Thnssur us ng morphological markers
confirm the results using b ochem cal and molecular markers n dist net 
variants n d fferent species 

111 prepare a key for the identificat on of V gna spec es
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2 Review of Literature

2 1 Taxonomy of Vigna
Savi named the genus Vigna in 1824 after the professor of Botany at Pusa Umversity 

Domenico Vigna (Baudoin and Marechal 1988)
Verdcourt (1970) separated the genus Vigna from Phaseohis and restricted the latter 

one to those Amencan species with a tightly coiled style and pollen grains which lacked wide 
reticulation He also subd vided the genus into 8 sub genera and 9 sections

Verdcourt (1978) transferred the genus Voandzeia to Vigna on the grounds that it 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 described the useful discriminating characters between the genus Vgna and 
the genus Phaseoh s They observed that the genus Vgna can be identified by the characters 
such as attachn ent of st pules to the stem either by its basal or central part contracted 
nflorescence rachis style prolonged beyond the stigma tnporate pollen and large 

ret culat ons of the pollen ex ne w th granular infratectum They also reported that the genus 
V gn seemed relatively heterogeneous and contained 82 species d stnbuted among seven 
sub genera na nely V gna Hay dot a Plectotrop s Ce a to rop s Las opron Sign o dotrop s 
and MacrorhyncJ a All he seven sub genera except Las op o and Macrorhyncha are 
d v ded nto sect ons The sub genus Ceratot op s could be d vided into 3 sections 
A g la es Aeon t fo l ae and Ce atot op s s b genus Haydon a nto 3 sect ons Glossostyh s 
Haydo a a d  \4 c o pe sub Genus Plecto op s nto 2 sections Plectot op s and
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Psuedohbrechtsia sub genus Sigmoidoiropis into 5 sections Caracallae Condylostybs 
Leptospron Peduncular es and Sigmoidoiropis and sub genus Vigna into Catiang Comosae 
Liebrechtsia Macrodontae Reticidatae and Vigna

Pasquet (2001) concluded that the genus Vigna included approximately 80 species 
which were found throughout the tropics 
2 2 Distribution of Vigna species

Marechal and Baudo n (1978) after class fymg the genus Vigt a into seven sub 
genera also proposed the main area of distribution of each sub genus Accordingly the sub 
genera Vigna Haydoma Plectotropis and Macrorhyncl a are d stnbuted in Africa the sub 
genera Lasioproi and Sigmoidoiropis in America and the sub genus Ce at t op s n Asia 
The sub genus Ce atot op s alone had ts ce t e of d vers ty in Asia and hei ce called As an
V g a They also reported three d st ict groups of cult vated V g a spec es t vo of which are 
of Af can ong n and the third As at c The Afi can groups each conta ned a s i g e spec es 
co vpea (V g  a g c lat ) ass gned o le  sub genus Vg a aid sect o Cat a g a d  
bamba a g oundnut {Vs b e  a ea) to the sub ee us ai d sect o i I g T1 e Asiat c groups 
were ass gned o the sub genus Cc ot op s by them and the cultivated species included
V adiata (mung bean or green gram) V n i go (urd bean or blackgram) V i bellata (nee 
bean) V aeon t folia (moth bean) and V t ilobata

Engler (2001) listed 17 cult vated species n the genus Vigna along with the r place 
of ong n as g ven n Table 1

To nooka ct I (?003) proposed a ev sed 1 st of cu t va ed and Id axa of As at c 
J g  belo a g to 3 sec ons d st bu ed n As a P c fc  eg on T1 e 1 st s j resented 
Tal le ^
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Table 1 Cultivated species in the genus Vigna

SI No Botanical name Common name Place of origin
1 Vigna aco utifoha 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 1 flower South and Central America
6 V hosei Sarawak bean South and South East Asia east 

Afnca
7 V hiteola Dalymple vigna South Amenca
8 V nar na Dune bean Pan tropical Native of America
9 V mi ngo Urd bean black gram South Asia
10 V radiata Mungbean green 

gram
South Asia

11 V reflexo pilosa 
va glab a

Creole bean South East Asia

12 Vs bterra ea Bambara groundnut Sub saharan Afnca
13 V tr lobata Jungli bean South Asia
14 V t ne v  a Tooapee South and South East Asia
15 V i 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 Revised list o f taxa o f Asiatic Vigna occurring in Asia Pacific region

Section Species Distribution
Angi lares V angi lar s var angi Ians Japan Korea Ch na Bhutan Nepal V etnam

V angi lar s var n pponens s Japan Korea China Bhutan Nepal India 
(Himalayas)

V dalzell a a Ind a Snlanka
V e x ls Thailand
Vh rtella North Ind a South East As a
V m n m a South East As a New Gu nea
V nakash mae North China Korea Japan
V nepalens s Bhutan East Nepal North East Asia
V rejlexo p  losa var glabra Ind a Maunt us Phil pp nes
V rejlexo p  losa var rejlexo p  losa Japan (Ryukyu) China South East As a New Gu nea
V rukt ens s Japan Ch na
V ten ca I s Tha land Myanmar
V tr nerv a var tr nerv a Madagascar South Ind a Snlanka Myanmar 

Tha land Malays a Indones a New Gu nea
Vtrne-v a var bo rneae Sou h Ind a
V mbella a (Cult vated) Sub rop cal and warm temperate As a
V mbella a (W Id) North East Ind a Myanmar Tha land Indo Ch na

Ce atotrop s V g andJlo a Tha land Cambod a
V m ngo va m ngo South As a
V m ngo var sylves r s Ind a Myanmar Tha land
V ad ata var rad ata As a Afnca and Aus al a
V rad ata var s bloba a As a Afnca and Aus ral a
V s braman ana Ind a

Aeon t fo l ae V aeon t fo l a South As a
V a d cola Snlanka
V khandale s s Ind a
Vs p laceae Ind a Snla ka Indones a Ne v Gu nea
V loba a South Ind a Snlanka
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The Asia Pacific region is 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 Vigna species belonging to sub genera other than Ceratotropis 
occurring in Asia Pacific region

Sub genus Species
Sigmoidoiropis V adenantha
Macrorfyncha V grahamiana
Plectotropis V vexillata
Vigna V ingi i a  lata

V pilosa
V hosei
V h teola
V la iceolata
V n a na 
Vpa keri

Arora (1985) eported the d stnbut o al ange of Vg a spec es n 4 
phytogeograph cal zoi es n Ind a amely Weste a Ghats Hasten Ghats North Eastern 
reg on and the Westeai H malayas The spec es under geius Vg a occup ed over 16 
diffe ent vegeta on ypes largely b ot c/b oedaph c status He also epoted that As at c 
I g a species const tuted a econo n cally iporta t group of cult vated and v Id spec es 
v th rich d ve s ty n Ind a The 14 spec es of Kg a id tl e r Id fonns belongma to 4 sub 

gene a of tl e genus / g 1 s ed by Aiora as occurr ig n I d a a e p esen ed Table 4
Subsequen ly Babu / (1985) 1 s ed 13 i g sj ec es fou d I d a  clud g tl e
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5 species wh ch had their ong n in other ountnes They were V vex llata V n at ma 
Vhteola Vg al am ana Vclaikei Vpilosa V imgi culata V dalzelhana V kh a id a le ss  
V a c o it folia Vm bellata Vtt lobata V l a t a i a  Vbo eae Vglabresceis V iadata  
V n  ngo Vs blobata Vadena tla  Vhosei Vriccardiana Vpram ai a and Vangi Ians

Table 4 Vigna species and their wild forms occurring m Ind a
Spec es W Id form

Sub genus Ce atot op s
Vig m go V t go var sylvest is

V ad ata V rad ata var si blob ta and V ad ata var 
seti los

V i n bellata V n bellata var g ac I s
V a g la s No w Id lonn
V co fol W Id form s m lar to cult vated type
Vi lob t W Id form s m lar to cult vated type

V ial ell a a Only w Id types occur much akin to 
/ u btlla a wild types

V g a I s 0  ily v Id types occur much akin o 
V i a  go complex

Sub genus Plec ot op s
V c pe s 0  ly v Id types presen
Sub genus M c o y l  c
V g al ? Only v Id ypes prese l
Sub genus J g a
Vp losa Only v Id ypes present
I a Only Id types presen
J g la No v 11 ypes oc I d a
t I o! Only v 1 1 ypes f ese
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2 3 Morphological and Pnljanological characterisation of Vigna species
The As an Vg a are considered to be a norphologically homogeneous group having

specialized and complex floral organs and recently evolved (Baudom and Marechal 1988)
Tateish and Ohashi (1990) summarized the key morpholog cal characters recognized

for the sub genus Ceratot opis such as peltate stipule keel petals curved to the left in 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 sculptum g

Tateish (1996) demonstrated three gioups v z  ig la s i bellata (azuki bean
group) ad ata n go (mung bean group) and acot it fo l a tr lohata (moth bean group) in
Asian Vg 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 Vm go
and V d at and petiolate i V I ellat a id V co I jo l S m la results we e also
reported by several other vorkers (Jaaska and Jaaska 1990 YL&gaetal 1996 Tomooka ct al
1996 Konareve/u/ 200?)

Study d vc s ty of o i holo^ cal characte s 14 w Id Vg a spec es from Ind a
by B si t et I (2005) revealed 1 e presence of 3 d st ngu shable groups n the sub genus
Ct a oi op s All the spec es n n go ad t g oup except VU a 1 le s namely
V d var s blob ta I d ta var se lo a V go var syl t t s and V 1
sho ve 1 greater ho noloey vegeta ve mo pholotoy and growth hab t They 1 o ve er
d ffered n flo ve pod a d seed characters W th species va aat on was h gher n V n go
va / popu at on an 1 three d st net clus ers could be dent fed o i mul vana e
a alys s
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Palynological attributes of plants have attracted many researchers in recent time 
Nyananyo (1990) Edeoga et al (1996 1998) and Edeoga and Gomina (2001) have utilized 
pollen attributes to establish relationships among certain groups of flowenng plants 
Accord ng to them the mam characters of taxonomic value m pollen were the number and 
position of furrows morphology of pollen wall symmetry shape and size of pollen grains

Mbagwu and Edeoga (2006) conducted palynological studies m eight Vigna species 
of Nigeria Results of the invest gation revealed that the pollen grams were circular and 
psilate in Vigna retici lata circular and echmate in Vtacenosa  and V ungt iculata elliptic 
and monocolpate in Vambaceisis and V vexillata circular and polycolpate in V 
subterra wan and circular and dicolpate in V triloba and Vgracil s Hence the species 
could be identifed based on the type and shape of pollen grams The specific features of 
pollen grains l i 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 in a given 
env ronment

The wild elat ves of ciop plans a e  sources of mportant genes for ag culture 
Bruchid beetles such as Callosob chi s ch le sis (azuki bean weev 1) and C maci I it s 
(cowpea weev 1) cause ser ous damage to several leguminous crops including cult vated 
Vig i species such as cowpea mung bean urd bean and rice bean dunng storage (S ngh 
a  al 1985 Fernandez and Talekar 1990)

Lamb ides a id lm e (2000) scieened 26 accessions of mung bean for resistance to 4 
bucl d spec es Oi the bas s of tl e percentage of da aaged seeds all the accessiois were 
found o be h ghl> suscept ble o stra s of C llo oh cl s c I t s a id C c /  c s Three
access ons of \ a I a blol si e 1 res s a e
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Tomooka et al (2003) evaluated germplasm collection representing 76% of known 
taxa in 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 in accessions 
of mung bean whereas complete resistance was seen in V umbel lata 
2 4 Biochemical characterisation

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

Panella and Gepts (1992) earned out isozyme analysis m Vigna unguiculata to 
determine the extent of genetic relationships and genetic diversity between cultivated and 
wild cowpea Thirty 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 loci (85%) were polymorphic in wild V igitict lata but 
only one (4%) was polymorphic in 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 investigated using isozyme vanation pattern of peroxidase catalase and seed protem 
polymorphism by Sehgal and Chandel (1992) V radiata and V mungo were found to be two 
distinct species which had independently evolved from wild progen tors V radiata 
var 5i blobata and V n go var syl est is respect vely They showed remarkable s milanl es 
n isozyme profiles part cularly n tl e number and pos t on of bands as well as Rf values The
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wild putative forms of V imbellata V aconitfolia and V trilobata occurring m natural 
habitats also appeared to be quite distinct with fewer bands

Sonnante et al (1996) assessed the relationshps within and among Vigna 
i ngmcnlata V vexillata and seven species belonging to the section Vigna us ng mne isozyme 
systems and suggested a very low genetic d stance between V luteola and V marina

Sonnante et al (1997) studied 19 accessions of Vigna hteola 5 of V marina subsp 
oblo iga and 4 of V mar na subsp n arina using isozymes to obta n an msight into the genetic 
relationships w thm and among these taxonomic entities Seven out of 13 isozyme loci were 
found to be polymorphic Both species showed very low genetic d versity indices

Selvi et al (2003) stud ed the genetic variation among 52 accessions of Vigna 
spec es that included 15 accessions of V ngi ic data 15 of V mi ngo 19 of V radiata and one 
each of wild species V aco i tifol a V tr lobata and V rad ata var st blobata belong ng to the 
sub genera Ceratotropis and Vigna using morphological characters and five isozyme 
markers The clusters obtained based on morpholog cal characters and isozyme markers were 
compaied The clustering based on morpholog cal tra ts grouped the var ous sub genera of 
Vig a nto a s ngle cluster but fa led to reflect the real genetic relationsh ps among the 
d fferent spec es The clustering based on isozyme variations (superox de dismutase 
aspartate am notransferase isocitrate dehydroge lase peroxidase and alpha esterase) 
however revealed the true taxonom c relationships by group ng Ceratotropis and Vigi a 
species into two distinct clusters This indicated that vanat ons m isozymes can be exploited 
to understand the extent of the genet c d versity and relationsh ps among the access ons of 
Vg a
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2 5 Molecular characterisation
DNA markers because of the r heritable nature were found to act as versatile tools n 

the fields like taxonomy phys ology embryology genetic engineering etc Major 
applications of these DNA markers in the field of genetics and plant breeding are in (l) 
diversity analysis and phylogenetic studies (11) mapping genes and (in) marker assisted 
selection (MAS) provide an opportunity to characterize 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 loci marker technique wh ch includes random amplified polymorphic DNA 
(RAPD) amplif ed fragment length polymorph sm (AFLP) inter simple sequence repeat 
(ISSR) and more recently s mple sequence repeat (SSR) or microsatelhtes (Gupta and 
Varshney 2000) are play ng increasingly important roles in this type of research Multiloci 
system 1 ke RAPD AFLP ISSR markers because of their whole genome coverage are 
cons dered good for genet c d versity and phylogenetic analysis

AFLP techn que was used for detecting intra specific differences among and v thin 
V gia  species (Yee et al 1999 Yoon et al 2000 Zong et al 2003) Aj bade et al (2000) 
stud ed the ut hty of ISSR n distinguish ng taxa w th n genus V gna They were able to 
clearly differentiate sub genenc divis ons w thin V g? a using ISSR markers

Tomooka et al (2001) stud ed the cult vated w Id weedy and complex populat ons 
of Vg a a g la is n Japan using AFLP and RAPD analyses and revealed a clinal var ation 

th s spec es The genet c d vers ty at the DNA level decreased from the v Id to weedy to 
ult a ed populations



14

Doi 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 in Ceratotropis Among the three sections Vtgr a trmervta 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 m section Acomtifohae and section Ceratotropis were 
found to be genetically distant from each othei However those of Angi lares were observed 
to be closely related having only lower genetic d stance than other sections V mi ngo and
V rad ata were h ghly diverged represent ng two distinct phylogenetic lineages

Nine wild taxa from genus Vgna sub genus Ceratotropis were studied by 
Saravanakumar et al (2004) us ng AFLP and RAPD analysis The results supported the 
taxonom c revis on of Vigna rad ata vans blobata and V tri ervia into two distinct species 
The new cons deration of Vboi icae as a variety of V tr erv a was also supported

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

Chattopadhyay et al (2005) also stud ed d versity in V 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 V g a germplasm of Thailand 
us ng AFLP markers and clar f  ed the nter and ntra spec f e d  vers ty and relationships 
a no 0 he spec es The results s ggested that cul a ed V bella a and Vn go evolved
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from wild relatives in a single domestication event Vigna umbellata was observed to be 
poorly differentiated from its wild and weedy relatives compared to Vmi ngo

Wang et al (2008) were of its view that the phylogenetic relationships m the USD A 
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 derived 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 botamcal 
varieties in order to expand the genetic diversity of Vig a germplasm m the USD A 
collect ons

Ruchi et al (?009) used RAPD markers to study sub structure and gene c 
d fferent at on among 31 populations belonging to 14 Asiat c V gna spec es Molecular 
phylogenet c relationships among the spec es of radiata mungo complex namely black gram 
(V i i igo) green gram (V ad ata) Vrad ata var si blobata Vrad ata var seti losa Vmi i go 
var sylvestris and V haimana were stud ed by cluster analysis Two d st net groups were 
recognized w thin the complex with populat on samples of V ia  mia  forming one cluster 
FurtI er V ia  laia appeared to be equ distant from both V ad ata and V go





16

3 Materials and Methods
The present investigation which includes the following three experiments were 

conducted in the Department of Plant Breeding and Genetics College of Horticulture Kerala 
Agricultural Umversity Vellamkkara and the National Bureau of Plant Genetic Resources 
(NBPGR) Regional Station Thnssur during the period 2005 2008

1 Morphological characterisation
2 Biochem cal characterisation and
3 Molecular characterisation
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 c Resources Regional Station Thnssur 
were selected for the study The details of each accession are presented in Table 5

These access ons vere ra sed at NBPGR in completely randomized design (CRD) 
with two repl cat ons during k) a /2006  as pot culture The plants were thinned to three/pot 
on 10th day after sow ng Recommended agronomic practices were followed

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



Table 5 Accessions under the taxa Vigna used for study

SI No Code for 
taxa Accession IC Number Source of collection

1 V New Vigna species 277045 Maharashtra
2 Va Vigna aeon tifoha 417347 Tam 1 Nadu
3 Vdl Vigna dalzelha ta 247408 Kerala
4 Vd2 Vigna dalzelhana 203864 Kerala
5 Vd3 Vigna dalzelhana 210555 Kerala
6 Vd4 Vigna dalzelhana 210556 Kerala
7 Vd5 Vigna dalzelhana 210559 Kerala
8 Vd6 Vigna dalzell ana 210579 Kerala
9 Vd7 Vigt a dalzell a a 248168 Karnataka
10 Vd8 Vig a dalzelha a 248195 Karnataka
11 Vd9 Vigna dalzelha a 248261 Goa
12 VdlO V gna dalzell ana 248346 Maharashtra
13 Vdl 1 Vigna dalzell a a 336206 Kerala
14 Vdl2 V gna dalzell ana 253961 Kerala
15 Vdl3 Vigna dalzell a a 253913 Rajasthan
16 Vdl4 V g a dalzell a a 253911 Rajasthan
17 Vdl 5 Vgna dalzell a a 277025 Maharashtra
18 Vdl 6 Vg a dalzelha la 277060 Goa
19 Vdl7 Vgna dalzell a a 539795 Karnataka
20 Vdl 8 Vg a dalzelh na 539796 Karnataka
21 Vdl 9 Vig ia dalzell a la 539806 Kerala
22 Vd20 Vg a dalzell a a 550577 Kerala
23 Vd21 Vg a lalzell a la 541388 A & N  Islands
24 Vg V gna glabresce s 251372 Madhya Pradesh
25 Vhl Vgna la  a a 251376 Madhya Pradesh
26 Vh2 Vg a I a a a 251378 Madhya Pradesh
27 Vh3 V gna I a n a  a 251381 Madhya Pradesh
28 Vh4 V gna I a n a  a 349905 Kerala
29 Vh5 V g ia la  a a 276985 Madhya Pradesh
30 Vh6 V gia  I am ana 276999 Maharashtra
31 Vh7 V gna I ai m a 277007 Mai arashtra
32 Vh8 V g a la  a a 331438 Orissa
33 VI 9 V g a la  a a 331448 Or ssa
34 VhlO Vg a la  a a 331460 Chhatt sgarh
35 Vk Vg a U a dale s s 406504 Maharashtra
36 Vma I g a a 539828 A & N  Islands

7 Vmul I q oo nr go 31441 Orissa



SI No Code for 
taxa Access on IC Number Source o f collection

38 Vmu2 Vigna mi ngo var mi ngo 331447 Onssa
39 Vmsl Vig a mi igo var sylvestris 248294 Goa
40 Vms2 Vig a ? i ngo var sylvestris 248326 Maharashtra
41 Vms3 Vigna mi ngo var sylvestris 248331 Maharashtra
42 Vms4 Vigna n lingo var sylvestris 248343 Maharashtra
43 Vms5 Vigna m ingo var sylvestris 256135 Kerala
44 Vms6 Vigna mango var sylvestris 253907 Rajasthan
45 Vms7 Vigna mungo var sylvestris 277014 Maharashtra
46 Vms8 V gna mi ngo var sylvestris 277021 Maharashtra
47 Vms9 Vigna mungo var sylvestris 277026 Maharashtra
48 VmslO Vigna m ngo var sylvestris 277031 Maharashtra
49 Vmsl 1 Vigna m ingo var sylvestris 277036 Maharashtra
50 Vmsl2 Vigna m ngo var sylvestr s 277039 Maharashtra
51 Vmsl 3 Vigna / n ngo var sylvestr s 277041 Maharashtra
52 Vmsl4 V g  a m  ngo v a rsylvest s 277044 Maharashtra
53 Vmsl5 Vig a mi go var sylvestris 277053 Maharashtra
54 Vm sl6 Vigna mi ngo var sylvestr s 277055 Maharashtra
55 Vmsl 7 V g a n  go v a rsylves s 277057 Maharashtra
56 Vmsl 8 Vigna m ngo var sylvestris 277061 Goa
57 Vmsl 9 Vigna ngo var syl estr s 277084 Maharashtra
58 Vms20 V g a igo var sylvestr s 539798 Karnataka
59 Vms21 V gna n ngo var sylvestr s 539800 Karnataka
60 Vms22 Vigna mi go var sylvestr s 539801 Kama taka
61 Vp J g  a p losa 541389 A & N  Islands
62 Vrl V gna ad ata var ad ata 251412 West Bengal
63 Vr2 V g  a ad ata var ad ata 251413 West Bengal
64 Vr3 Vig a ad ata var ad ata 251414 West Bengal
65 Vr4 V gna ad ata var a I ata 251422 West Bengal
66 Vr5 V g  a rad ata var rad ata 251424 West Bengal
67 Vr6 V gna ad ata var rad ata 251426 West Bengal
68 Vr7 V gna ad ata var ra hata 349699 Kerala
69 Vrsl Vgna radiata var s blobata 202538 Kerala
70 Vrs2 V gna rad ata var s blobata 202580 Tamil Nadu
71 Vrs3 J g a ad ata var s blobata 202643 Kerala
72 Vrs4 Vgna ad ta var s bloba a 247406 Kerala
73 Vrs5 Vg a ad ata var s blobata 210554 Kerala
74 Vrs6 } g  a ad ata var s blob ta 251418 Maharashtra
75 Vrs7 V g a ad ata var s bloba a 781164 Kerala
76 Vrs8 I g a a I a a s bloba 28116d Kerala



SI No Code for 
taxa Accession IC Number Source of collection

77 Vrs9 Vigna radiata var sublobata 324496 Kerala
78 VrslO Vigna tadiata var sublobata 322306 Kerala
79 V rsll Vigna radiata var s blobata 351407 Tamil Nadu
80 Vrsl2 Vigna radiata var sublobata 331457 Chhattisgarh
81 Vrsl3 Vigna radiata var si blobata 539805 Kerala
82 V rsl4 Vigna radiata var sublobata 550576 Kerala
83 Vrsl5 Vigna radiata var sublobata 248344A Maharashtra
84 Vsel Vigna radiata var set tlosa 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 tlosa 251423 Gujarat
88 Vse5 Vigna'i ad ata var set losa 351404 Kerala
89 Vse6 V gna radiata var set losa 277058 Goa
90 Vstl V gna stipi lacea 202559 Tamil Nadu
91 Vst2 Vgna st pi lacea 256259 Kerala
92 Vst3 Vigna st pi lacea 324552 Tamil Nadu
93 Vsbl Vig la st brama uana 253920 Rajasthan
94 Vsb2 V g  a si b a a a a 253926 Rajasthan
95 Vsb3 V gna s bran a tana 253930 Rajasthan
96 Vtl V g  a t ilobata 251435 Gujarat
97 Vt2 V gna i lobata 251436 West Bengal
98 Vt3 V gna t ilobata 251438 Tamil nadu
99 Vt4 V g ia  t ilobata 349701 Tam 1 Nadu
100 Vt5 V g a t lobata 276983 Madhya Pradesh
101 Vt6 V g  a t lobata 351406 Tam 1 Nadu
102 Vt7 Vig a t lobata 331436 Orissa
103 Vt8 V g  a t lobata 331437 Or ssa
104 Vt9 V gna tr lobata 331453 Chhatt sgarh
105 VtlO Vgi a tr lobata 331454 Chhatt sgarh
106 V tll Vigna tr lobata 331456 Chhatt sgarh
107 V tl2 Vigna t lobata 541215 Tamil Nad
108 Vtl3 V gr a tr lobata 541211 Tamil Nadu
109 Vtbl Vig a tr e-v a var bo neae 247407 Kerala
110 Vtb2 V g  a t nerv a var bo n  eae 210574 Kerala
111 Vtb3 V g  a e v a var bo r eae 264289 Kerala
112 Vtb4 I g  a t e a var bo eae 248296 Goa
113 Vtb5 V g a t erv a var bo eae 249023 Kerala
114 Vtb6 J g  a e a var bo eae 406509 Kerala
115 V b7 V g a t e var bo eae 406510 Ke ala
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SI No Code for 
taxa Accession IC Number Source o f collection

116 Vtb8 Vigna trinervia var botirneae 349700 Kerala
117 Vtb9 Vig la ti inerv a var bourn eae 349704 Kerala
118 VtblO V gna trinervia var boumeae 349885 Kerala
119 V tbll Vigna trinervia var boumeae 281163 Kerala
120 Vtbl2 Vigna trinervia var boumeae 280784 Kerala
121 Vtbl3 Vigna trinervia var boumeae 331442 Orissa
122 Vtbl4 Vigna trinervia var boumeae 372379 Kerala
123 Vtbl5 Vigna trinerv a var boumeae 372406 Kerala
124 V tbl6 Vigna tri lerv a var boumeae 333605 Kerala
125 Vtbl7 Vigna trinervia var boi meae 539792 Karnataka
126 V tbl8 Vigna trine via  var boumeae 539793 Karnataka
127 Vtbl9 V gna trinervia var boi meae 550575 Kerala
128 Vtt Vgna tri lervia var trinervia 337486 Kerala
129 Vul Vgna i mbellata 251439 Assam
130 Vu2 V g i a  i mbellata 251440 Assam
131 Vu3 Vgna i mbellata 251441 Assam
132 Vu4 V gi a n bellata 251442 New Delh
133 Vu5 V gna bellata 251443 New Delh
134 Vu6 Vig a mbellata 251444 New Delhi
135 Vu7 Vigna i mbellata 251445 New Delhi
136 Vu8 Vig a i i bellata 251446 New Delhi
137 Vu9 Vgi a mbellata 251447 Ne v Delh
138 VulO Vgna mbellata 349904 Kerala
139 Vul 1 V g i a  n bellata 324483 Kerala
140 Vugl V gt a mbellata var g ac I s 251370 Madhya Pradesh
141 Vug2 V g  a bellata var g ac hs 331618 Himachal Pradesh
142 Vug3 Vigna i bellata var gracil s 331621 H machal Pradesh
143 Vug4 V gi a bellata var g  ac I s 331624 H machal Pradesh
144 Vunl V g  a t ng c lata 349906 Kerala
145 Vun2 Vig a gt c lata 298665 Kerala
146 Vun3 V g  a ng c lata 331439 Onssa
147 Vvl V gna ex llata 248344 Maharashtra
148 Vv2 V gna vex llata 248345 Maharashtra
149 Vv3 V g  a vex llata 406507 Kerala
150 Vv4 V g a ve. lla a 349723 Tam 1 Nadu



Table 6 Descnptor and descnptor states used for recording observations

SI No Character Descnpt 
or state Descnption

1 Days to emergence
2 Type of seed germination 1 Epigeal

2 Hypogeal
3 Colour of hypocotyl 1 Green

2 Greenish purple
3 Light purple
4 Purple

4 Vigour of seedl ng 1 Poor
2 Intermediate
3 Vigorous
4 Very vigorous

5 Shape of pnmary leaf 1 Ovate
2 Ovate lanceolate
3 Lanceolate
4 Cordate
5 Cordate with cuneate tip
6 Deltoid

6 Pnmary leaf length (cm)
7 Pnmary leaf width (cm)
8 Colour of pnmary leaf pet ole 1 Green

? Greenish purple
3 Purple

9 Nature of attachment of pnmary leaf 1 Petiolate
2 Sub sess le

10 Habit 1 Annual
2 Perennial

11 Growth habit 1 Erect
2 Semi erect
3 Spreading
4 Climb ng

12 Growth pattern 1 Determ nate
2 Indeterminate

13 Leafiness 1 Sparse
2 Intermediate
3 Abundant

14 Pubescense of leaf 1 Glabrous
2 Very sparsely pubescent
3 Sparsely pubescent
4 Moderately pubesce t
5 Densely pubescei t



SI No Character Descnpt 
or state Description

15 Colour of petiole 1 Green
2 Green with purple tinge
3 Greenish purple
4 Purple

16 Colour of petiole at leaf blade joint 1 Green
2 Greenish purple
3 Purple

17 Colour of pet ole at base 1 Green
2 Greenish purple
3 Purple
4 Dark purple

18 Pubescence of petiole 1 Glabrous
2 Pubescent
3 Moderately pubescent
4 Densely pubescent

19 Colour of petiolule 1 Green
2 Green sh purple
3 Purple

20 Terminal petiolule length (cm) 1 Short (<2 0cm)
2 Med um (2 1 3 0cm)
3 Long (>3 1 cm)

21 Prominence of leaf vein 0 Not prominent
1 Prominent

22 P gmentation of leaf vein 0 Not pigmented
1 Pigmented

23 Lob i g of erminal leaflet 0 Un lobed
1 Very shallowly lobed
2 Shallowly lobed
3 Intermediately lobed
4 Deeply lobed
5 Very deeply lobed

24 No of lobes in terminal leaflet
25 Tenn nal leaflet length (cm)
26 Terminal leaflet width (cm)
27 Shape of terminal leaflet tip 1 Round

2 Sub acute
3 Obtuse
4 Acute
5 Rhombo d

28 SI ape of terminal leaflet lobe 0 No lobes
1 Lanceolate.
i Broailyo ate



SI No Character Descnpt 
or state Descnption

3 Ovate
4 Rhombic
5 Acute
6 Rhomboid

29 Petiole length (cm) 1 Short < 6 0cm)
2 Intermediate (6 1 1 2  0cm)
3 Long (>12 1cm)

30 Size of stipule 1 Small
2 Medium
3 Large
4 Minute

31 Shape of st pule 1 Ovate
2 Ovate lanceolate
3 Lanceolate

32 Presence ofhgule 0 Absent
1 Very minute
2 Small

33 Twining tendency 1 None
2 Slight
3 Intermediate
4 Pronounced

34 No of pnmary branches
35 Branch ng pattern of pnmary branches 0 None

1 Basal
2 Central
3 Top
4 All over

36 Colur of stem 1 Light green
9 Greei
3 Purplish green
4 Purple

37 Pubescence of stem 1 Glabrous
9 Puberulent (Sparsely

pubescent)
3 Moderately pubescent
4 H ghly pubescent
0 Stem glabrous

38 Colour of stem hair 1 Wh te
2 Bro vn

39 Days to flo ven lg
40 Posit o ofracene 1 Mostly above ca opy

2 In upper canopy



SI No Character Descnpt 
or state Description

3 Throughout canopy
41 Colour of flower 1 Pale yellow

2 Greenish yellow
3 Yellow
4 Golden yellow
5 Violet

42 Colour of calyx 1 Green
2 Purplish green
3 Greemsh purple

43 Colour of corolla 1 Yellow
2 Green sh yellow
3 Green purpl sh yellow
4 Green with purple tinge
5 Violet

44 Size of flower bud 1 Small (<2 Osq cm)
2 Medium (2 0 4 Osq cm)
3 Large (>4 Osq cm)

45 Size of bracteole 0 Absent
1 Minute (<0 5mm)
2 Small (0 5 1 0mm)
3 Medium (> 1 0mm)

46 Shape of bracteole 0 Absent
1 Ovate lanceolate
2 Lanceolate

47 No of flowers/raceme
48 Length of keel pocket (mm) 0 Absent

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

49 Colour of peduncle 1 Green
2 Greenish purple
3 Purple

50 Pubescence of peduncle 1 Glabrous
2 Sparsely pubescent
3 Moderately pubescent

51 Peduncle length (cm) 1 Short (< 8 0cm)
2 Medium (8 1 12 0cm)
3 Long (12 1 20 0cm)
4 Very long ( > 20 1cm)

52 No of pods peduncle
53 Nature of pod attachment to pedu cle 1 Erec



SI No Character Descnpt 
or state Descnption

2 Honzontal
3 Honzontal pendent
4 Pendent
5 Sub erect

54 Colour of immature pod 1 Pale green
2 Light green
3 Intermediate green
4 Dark green

55 Colour of mature pod 1 Straw
2 Tan
3 White
4 Cream
5 Light brown
6 Brown
7 Dark brown
8 Brown and black
9 Black
10 Others

56 Days to first pod maturity 1 Very early (<60 days)
2 Early (61 80 days)
3 Med urn (80 100 days)
4 Late (101 120 days)
5 Very late (>120 days)

57 Pubescence of pod 1 Glabrous
2 Sparsely pubescent
3 Moderately pubescent
4 Densely pubescent

58 Curvature of pod 1 Straight
2 Slightly curved
3 Curved (sickle shaped)

59 Pod length (cm) 1 Short (< 3 0cm)
2 Intermediate (3 0 5 0cm)
3 Long (5 1 8 0cm)
4 Veiy long (> 8 1cm)

60 Shape of pod beak 1 Pointed
2 Blunt

61 Cross sect on of pod 1 Sem flat
2 Round
3 Others

6? No of seeds pod
63 Shape of seed 1 Ro d

a Rectangular



SI No Character Descnpt 
or state Descnption

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 Slight
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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3 1 1  Statistical analysis of morphological data

Cluster analysis was earned 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 similanty coefficients (Jaccard 1908) using NTSYS 
pc 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 150 accessions were worked out 
Based on quantitative characters viz. pr mary leaf length pnmary leaf w dth tenmnal 
pet olule length terminal leaflet length terminal leaflet w dth petiole length days to 
flowenng 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)

3 12 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 or) Each treatment was repl cated 
t v ce w tl 25 seeds pe epl cat on pe plates T ve seeds ntested v th Callosob cf s
spec es vere added o eacl rea n n T e p p es ere ncubated n dark for furtl e



infestation After two months of mcubation observations on the number of seeds mfested 
with the pest were recorded and expressed as percentage

3 1 3  Study of pollen morphology
Distinct variants from each taxa were selected for palynological study The mature flower 

buds about to open next day were collected from selected accessions and fixed m 70% ethyl 
alcohol Acetolysis was earned out as per the method described by Nair (1970) The anthers 
taken out from the fixed buds were put in distilled water They were cmshed well and sieved 
through a clean b t of muslin cloth into a centnfuge tube and centrifuged for two minutes at 2500 
rpm The supernatant solut on was discarded After adding 2ml of 70 percent alcohol agam 
centnfuged for two m nutes at 2500 rpm Supernatant was discarded and 2ml of glacial acetic 
acid was added and again cen nfuged for two minutes Supernatant was discarded and acetolysis 
mixture (9 parts acet c acid 1 part concentrated sulphunc acid) was added and then kept in a 
water bath at 80°C for two minutes The supernatant vas discarded after coolmg To the bro vn 
coloured pollen sediment at the bottom of tube 2 3 ml of acetic ac d was added shaken 
vigorously and centnfuged for two minutes at 2500 rpm The supernatant vas d scarded and 
d st lied water was added and cei tnfuged 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 glycenne was added and kept for 20 
m nutes and tl en centnfuged 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 ninutes A p nch of glycenne gel was 
d pped m pollen sed ment and mounted on a glass si de The slide was observed under 
Stereoscop c Zoo n M croscope w th photographic a tachment for studying pollen morphology
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3 2 Biochemical characterisation

Distinct variants were selected from each taxa for biochemical evaluation Only one 
accession each was taken from those taxa having no distinct variation Leaf samples were 
collected from 30 day old plants of selected accessions Enzyme isolation 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 in 0 3 0 4 ml extraction 
buffer solution with a pre chilled mortar and pestle at 4°C The samples were then transferred 
in to pre chilled 1 5 ml polyethylene micro centrifugation tubes kept on ice These were 
centnfuged at 15 000 rpm for 20 m nutes at 20°C The clear supernatant was collected and 
used for electrophoresis Electrophoresis was earned out at a constant current of 10 mA for 
first 30 m nutes and subsequently at 20 mA 111 the track ng dye migrated to the lower end of 
the gel The gel vas then stained with the staining reagent specific for the particular enzyme 
system

Peroxidase (POX) isoenzyme 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 2 5 percent acetic acid 111 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 (PPO) was detected by enzymatic brown ng The gel was 
equil brated for 30 m nutes 0 I percent p phenylene diamine n 0 1M potassium phosphate 
buffer (pH 7) folio ved by 10 nM ca echol n the same buffer The a id t on of catechol was
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followed by a gentle shaking which resulted in the appearance of dark brown discrete protein 

bands
The stained gel was used for scoring 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 usmg NTSYS pc software version 2 1 (Rohlf 1992)

3 3 Molecular characterisation based on Inter Sequential Simple Repeats (ISSR) 
markers

Distinct variants from each taxa were selected for molecular characterisation also From 
those taxa having no distinct variation only one accession each was taken Terminal leaf 
samples were collected from 30 day old plants of the selected accessions The DNA was 
extracted following the cetyltnmethyl ammonium bromide (CTAB) method described by 
Nagarajan and Senthilkumar (2002) The leaf t ssue (2g) was frozen in liquid nitrogen and 
ground nto f  ne powder The f  ne powder was allowed to tha v in the presence of 15 ml of 
pre heated CTAB extract on buffer contain ng p mercaptoethanol in polypropylene 
centrifuge tubes and incubated for 45 minutes at 65°C w th occasional mixing The tubes 
vere renoved from the water bath and allowed to cool at room temperature An equal 

volume of chloroform ^oamyl alcohol m xture (24 1) was added and mixed well by 
nvers on for 15 m nutes and then centr fuged at 4000 rpm for 20 minutes at room 

temperature The DNA was prec p tated using ice cold sopropanol and incubated at 20°C It 
vas then centnfuged 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 dned Dependmg upon the pellet s ze tl e DNA was d ssolved 

?00 500 pi of ns HCL EDTA (TE) bufTe (pH 8) RNA contam a o vas ren oved by
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RNase treatment and incubated at 37°C for 30 minutes Equal volume of chloroform woamyl 
alcohol mixture (500 pi) was added and mixed thoroughly by repeated inversions Precipitation 
and pelleting of DNA was repeated once again and dependmg upon the size of the pellet DNA 
was d ssolved m 250 500 pi of TE (pH 8) and stored at 4°C

Agarose gel electrophoresis (0 8%) was performed to check the quality of DNA Two 
microhtre of DNA sample was dissolved in TE buffer and pipetted onto a paraf lm and 
mixed well with 3 pi 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 in gel documentation system (Alpha Imager 2200 Alpha Innotech Corp USA)

DNA was quant f  ed by using spectrophotometer One pL 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 1 0 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 dens ty and d is 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/pL 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

Si 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 AC AC AC AC AC AC AC AC Y A
6 UBC 810 AGAGAGAGAGAGAGAGT
7 UBC 812 GAGAGAGAGAGAGAGAA
8 UBC 842 GAGAGAGAGAGAGAGAYG
9 UBC 813 CTCTCTCTCTCTCTCTT
10 UBC 857 AC ACACAC ACACACAC Y G
Y (C T)

The cocktail for the ampl f  cat on was prepared as follows in 0 2ml PCR tubes
DNA (10 ng/pl) 2 00 pil
dNTPs (10 mM) (Bangalore Genei Ltd Ind a) 0 30 pi
Primer [University of Br t sh Columbia (UBC)] 2 00 pi
10X assay buffer 1 50 pi
Taq polymerase (0 3 units pL) (Bangalore Genei 
Ltd India) 0 15 pi
Sterile dist lied H^0 9 05 pi
Total 15 00 pi

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 folio vs
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Profile 1 94°C for 5 minutes Initial 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 12°C for 5 minutes Fmal 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 electrophoresis (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 their presence (1) or absence (0) with each primer As 
m 3 2 dendrogram was constructed based on the charactenst c matrix The species relat onship 
was explamed based on the dendrogram and compared w th that obta ned using morphological 
data and biochemical data
3 4 Comparison of different clustering patterns and development of statistical key for 

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

mto various quant tat ve clusters were worked out to f  nd out the relationship between qual tative 
and quant tat ve clustering patterns Similarly the homology between quahtat ve b ochemical 
and molecular clustering patterns were also worked out
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The weighted averages of various quantitative characters in different taxa were computed 
using the formula

lv
Weighted average = X P x

Where p is the percent accessions falling in quantitative cluster 1 x the correspond ng 
character mean based on the members falling in quantitative cluster 1 and n is the total number 
of quantitative clusters

The key quantitative characters for each taxa were identified as those which had a CV 
above 25 percent in 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 
distinguishing the various taxa
3 5 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





35

4 Results
The results of the three experiments conducted with 150 accessions of taxa of Vigna 

in the present nvestigation are given below 
4 1 Morphological characterisation

The observations on 48 qualitative characters and the mean values of 24 quantitative 
characters recorded in 150 accessions of Vigna taxa are presented m Annexure 1 Based on 
the qualitative characters the 150 accessions evaluated were regrouped into 22 different taxa 
The number of accessions in each taxa along with sub genus and section are presented in 
Table 8 Among the 48 qualitative characters studied variability was observed in 23 
characters and the results are presented m 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 ligule shape of bracteole nature of pod attachment to 
peduncle curvature of pod shape of seed and shape of hilum varied with the taxa The type 
of germination and nature of attachment of pnmary leaves were epigeal and petiolate in 
Vtr lobata Vingt ic  lata and n new Vgia  spec es epigeal and sub sessile in
V khandale s s V m ngo var n ui go V mi ngo var sylvestris V rad ata var adiata
V ad ata var set losa V rad ata var si blobata VI a n  at a and Vs b a nan a la hypogeal 
and pet olate in V aco t fo l a V dalzell ana V arina Vpdosa Vglab esce is
V st p  lacea V tr erv a var bou i eae V t i e *v a var trir ervia V i mbellata var i mbellata 
and V bellata var gracilis and hypogeal and sub sess le in V vex llata The germination 
behav our observed n d fferent taxa of J g a are presented n Plate la to lc The lob ng of 
tenn nal leaflet va ed f o u lobed o very deeply lobed m d fferent taxa of 1 g a as 
presented n Plate 2 Oma ne tat o on leaf o ncl ded in the descr p or vas also observed
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Table 8 Grouping of 150 taxa of Vigna

SI No Sub genus Section Taxa No of 
accessions

1 Ceratotropis Angnlares V dalzelhana 21
2 V glabrescens 1
3 V trinervia var trinervia 1
4 V trinervia var boumeae 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
11 V i adiata var radiata 7
12 V radiata var sublobata 15
13 V radiata var setulosa 6
14 V subramamana 3
15 Aeon tifohae V acomtifoha 1
16 V stipi lacea 3
17 V triloba ta 13
18 Plectotrop s Plectotropis V vexillata 4
19 Vigna Catiang V unguiculata 3
20 Vpilosa 1
21 V marina 1
22 New Vigna species 1



Table 9 Van ability n qual tative characters of different taxa of Vigna
Taxa Type of seed 

germ nation
Shape of 
pnmary leaf

Nature of 
attachment of 
pnmary 
leaves

Lobmg of 
terminal leaflet

Shape of 
terminal 
leaflet tip

Size of 
stipule

Shape of 
stipule

Presence of 
ligule

V aco t fol a Hypogeal Lanceolate Pet olate Very deep 
lobed

Acute Minute Lanceolate Small

V dal ell a a Hypogeal Ovate
lanceolate

P etiolate Unlobed or 
very shallow 
lobed

Acute Minute Lanceolate Very minute 
to small

V glabresce s Hypogeal Ovate
lanceolate

P etiolate Unlobed Rho nbic Large Ovate Very minute

VI a n ana Ep geal Ovate
lanceolate

Sub sessile Unlobed Acute Medium Ovate Small

f 11 andalens s Epigeal Ovate
lanceolate

Sub sess le Shallow lobed Acute Minute Ovate Very minute

J a Hypogeal Ovate
lanceolate

Pet olate Unlobed Round Minute Lanceolate Absent

I go va ngo Ep geal Ovate
lanceolate

Sub sessile Unlobed Sub acute Medium Lanceolate Small

1 go va sylvest s Ep geal Ovate
lanceolate

Sub sessile Unlobed Acute Medium Lanceolate Small

I p losa Hypogeal Deltoid Pet olate Unlobed Acute Small Lanceolate Absent

V ad ata var ad ata Epigeal Ovate
lanceolate

Sub sessile Unlobed or
intermediate
lobed

Sub acute Medium Ovate Small

i ad ata var s blobata Epigeal Ovate
lanceolate

Sub sessile Unlobed or 
shallow lobed

Sub acute Medium to 
large

Ovate Small



Taxa Type of seed 
germination

Shape of 
pnmary leaf

Nature of 
attachment of 
pnmary 
leaves

Lobing of 
term nal leaflet

Shape of 
term nal 
leaflet tip

Size of 
stipule

Shape of 
stipule

Presence of 
ligule

V ad ata var set losa Ep geal Ovate
lanceolate

Sub sessile Unlobed Sub acute 
obtuse

Medium to 
large

Ovate Small

Vst pi lacea Hypogeal Cordate with 
cuneate tip

Petiolate Shallow or 
deep lobed

Round
rhomboid

Small Ovate Small

Vs b a nan a a Epigeal Ovate Sub sessile Unlobed Sub acute Medium Ovate Small

V tr loba a Epigeal Cordate with 
cuneate t p

Petiolate Intermediate or 
deep lobed

Round
obtuse
rhomboid

Large Ovate Small

V t ier\ a var bo neae Hypogeal Ovate Pet olate Unlobed or 
shallow lobed

Acute Minute to 
medium

Ovate
lanceolate

Very minute 
to small

V tr ic'v a var t ne v a Hypogeal Ovate Petiolate Shallow lobed Acute Medium Ovate
lanceolate

Small

V i mbellata va umbellata Hypogeal Lanceolate Pet olate Shallow lobed Acute Minute Ovate
lanceolate

Small

V mbellata var g ac I s Hypogeal Cordate Petiolate Unlobed Acute Small Ovate
lanceolate

Small

V ngi culata Epigeal Ovate Petiolate Unlobed Sub acute Medium Ovate
lanceolate

Small

/ ex llata Hypogeal Ovate
lanceolate

Sub sess le Unlobed Acute Minute Ovate
lanceolate

Absent

Nc v V g ta  spec es Ep geal Ovate
lanceolate

Pet olate Unlobed Acute Medium Ovate Small

GO



Taxa Colour of flower Colour of 
corolla

Shape of 
bracteole

Color of 
peduncle

Nature of pod 
attachment to 
peduncle

Colour of 
immature pod

Colour of 
mature pod

J aeon t fol a Yellow Yellow Ovate
lanceolate

Green Honzontal
pendent

Intermediate
green

Brown

V lalzell ana Pale yellow to 
golden yellow

Yellow Lanceolate Green to purple Pendent Intermediate
green

Tan to light 
brown

} &lab esce s Golden yellow Yellow Absent Green Honzontal Dark green Brown

J I an  a a Yellow Yellow Lanceolate Green to 
greenish purple

Honzontal Intermediate to 
dark green

Straw

V ila  dale ? s Pale yellow Yellow Ovate
lanceolate

Green Honzontal
pendent

Intermediate
green

Brown

V na a Pale yellow Yellow Absent Green Pendent Light green Brown
I go va ngo Golden yellow Yellow Lanceolate Greenish purple Honzontal Intermediate

green
Black

V n ngo var syl estr s Golden yellow Yellow Lanceolate Green Sub erect Intermediate
green

Black

Vj losa Volet Violet Absent Green Pendent Intermediate
green

Cream

I ad ata var ad ata Greenish yellow 
to yellow

Greenish 
yellow to 
greenish purple- 
yellow

Ovate
lanceolate

Green sh purple 
to purple

Honzontal Intermediate to 
dark green

Tan to brown

1 d v blobata Green sh yellow 
to yellow

Yellow to 
greenish purple- 
yellow

Ovate
lanceolate

Greenish purple Honzontal
pendent

Intermediate
green

Tan

03
CO



Taxa Colour of flower Colour of 
corolla

Shape of 
bracteole

Color of 
peduncle

Nature of pod 
attachment to 
peduncle

Colour of 
immature pod

Colour of 
mature pod

V ad ata var setulosa Yellow to 
golden yellow

Yellow to 
Green with 
purple tmge

Ovate
lanceolate

Green to 
greenish purple

Honzontal
pendent

Intermediate to 
dark green

Tan

I st pi lacea Yellow to 
golden yellow

Yellow Ovate
lanceolate

Green to 
greenish purple

Honzontal
pendent

Light green Straw with 
purple stnpes

Vsub a a ana Green sh yellow Greenish
yellow

Lanceolate Greenish purple Honzontal
pendent

Intermediate
green

Tan

V t loba a Yellow to 
golden yellow

Yellow Lanceolate Green Pendent sub 
erect

Intermediate to 
dark green

Tan to brown

V ne a va bo rneae Golden yellow Yellow to 
green sh purple- 
yellow

Ovate
lanceolate

Green Honzontal Light green Tan to black

t va ic'v a Golden yellow Yellow Ovate
lanceolate

Green Honzontal Light green Brown and 
black

bellata var mbellata Golden yellow Yellow Lanceolate Greei Pendent Pale green Tan

1 bella a va grac I s Yellow to 
golden yellow

Yellow Ovate
lanceolate

Green Pendent Intermediate
green

Tan

\ gi c la a V olet Violet Absent Green Erect Intermediate
green

Dark brown

1 A 11 Violet Violet Lanceolate Green Honzontal Intermediate
green

Tan

New Vg a species Yellow Yellow Ovate
lanceolate

Green Honzontal
pendent

Intermediate
green

Tan



Taxa Curvature of 
pod

Shape of 
pod beak

Shape of 
seed

Colour of seed Lustre on
seed
surface

Mottling on 
seed surface

Shape of 
hilum

V aco tifol a Straight Pointed Ellipt c Intermed ate green Present Absent Concave

V lal ell a a Straight to 
curved

Pointed Oblong Greyish green 
mottled with black

Present Intermediate
heavy

Convex

V glab esce s Straight Blunt Oblong Black Present Absent Concave

V ha i ana Straight Pointed Ell ptic Greyish mottled 
with black

Absent Intermediate
heavy

Convex

J 1} a dalens s Straight Pointed Oblong Blackish brown Absent Absent Plain

V n a 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 
brown

Absent Absent
intermediate

Convex

losa Stra ght Pointed Round Brown Absent Absent Concave

I d  v ad ata Stra ght Po nted 
blunt

Recta igular L ght green to 
intermediate green

Absent Absent Concave

V ad a a var a blobata Straight Pointed
blunt

Oblong Black sh brown Absent Absent Concave



Taxa Curvature of 
pod

Shape of 
pod beak

Shape of 
seed

Colour of seed Lustre on
seed
surface

Mottling on 
seed surface

Shape of 
hilum

V ad ata var seti fasa Straight Pointed
blunt

Rectangular Black Absent Absent Plain

J st p lacea Stra ght Blunt Oblong Cream mottled with 
black

Absent Intermediate Convex

Ka bra a a a Stra ght Blunt Oblong Black mottled grey Absent Absent Plain

V lobata Stra ght Blunt Oblong Black sh grey Absent Slight Concave

I e var bo eac Straight Blunt Rectangular Black blackish grey Absent Absent slight Plain

1 c a var t *ie a a Stra ght Blunt Oblong Black Absent Absent Plain

I 11 a var bellata Slightly
curved

Pointed Ell ptic Green to black Present Absent
ntermediate

Convex

J bclla a var g? ac I s Curved Blunt Ell ptic Black mottled 
black

Present Intermediate
heavy

Concave

V ngu c lata Straight Pointed K dney 
shaped

Cream chocalate 
brown

Absent Absent Concave

V vex llata Straight Pointed K dney 
shaped

Blackish brown Present Absent Concave

New Vg a species Straight Po nted Oblong Mottled black Absent Intermediate Convex

r o



V.stipulacea 
Hypogeal and petiolate

V. vexillata 
Hypogeal and sub-sessile

V.aconitifolia V. tri lobata

Plate la. Germination behaviour in Vigna taxa



V.hainiana V.khandalensis

V.radiata var.setulosa V.subramaniana
Epigeal and sub-sessile

V.radiata var. radiata

V. mungo var. mungo V. mungo var.s\’Ivestris

V. radiata var .sublobata

Plate lb. Germination behaviour in Vigna taxa



V. trinervia var. trinervia trinervia var. boumeae

V. umbellata var.umbellata (Cultivated) V. umbellata var. gracilis

V.aconitifolia V.stipulacea
Hypogeal and petiolate

Plate lc. Germination behaviour in Vigna taxa



Plate 2. Variability in lobing o f  terminal leaflet in different taxa o f  Vigna



in all the accessions Ornamentation was present in V stipi lacea V trinervia var boumeae 
and V dalzelhana and was absent in all the other taxa The colour of ornamentation was 
either white as observed in Vstipi lacea and V trinervia vaxboirneae or green as m
V dalzelhana The variability in omamentat on on the leaves of V trilobata and Vstipulacea 
is presented n Plate 3a Plate 3b depicts the variability in ornamentation of Vtrinervia 
var trtnen la and V trinervia var boi rneae The stipule shape was lanceolate n V aconitifoha 
J dalzelhana V mar na V mi ngo var n i ngo V nungo var sylvestris and V pi losa ovate 
lanceolate in V tn  lervia var bourneae V tr nervia var tru ervia V i mbellata var i mbellata
V u bellata var g acil s V ungi ci lata and V vexillata ovate m V haimana V khandalensis 
Vi adiata V radiata var sublobata V adiata var set losa Vstipi lacea V s bi amamana
V trilobata and in the new species The vanab lity in stipule size and shape of d fferent Vig ia 
taxa s depicted n Plate 4 Bracteole was absent n V u gtici lata V pi losa and V marina 
The hilum shape was concave in V aco 1 1 folia Vp losa V adiata V radiata var si blobata
V trilobata V t bellata var grac Is  V i g ci lata V ext llata plain in V U a dale is s 
V n an  a V ad ata var set losa Vs b a a at V t e-v a var bo t eae and V t le -via 
var tri erv a and convex in V dalzell ana V ha n ana V mi ngo var mi ngo V n i ngo 
var sylvest s Vst p  lacea V n bellata var i mbellata and in the new species Corolla was 
violet n V ng c lata V vex llata and Vpilosa and yellow or shades of yellow m all the 
other taxa

The summary stat sties 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 1 y of more la  90 j e cen ob erved n cha act s 1 ke seed y eld plant (218 11)



Plate 3a. Variability in ornamentation o f  leaf in Vigna taxa 

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



Plate 3b. Variability in ornamentation o f  leaf in Vigna taxa

1 -  V. trinervia var. trinervia 
2, 3, 4 -  V. trinervia var. boumeae



Plate 4. Variability in stipule size and shape in different taxa o f  Vigna

1. V.stipulacea (IC202559)
2. V.trinervia var.bourneae (IC247407)
3. V.umbellata var .gracilis (IC 251370)
4. V.glabrescens (IC251372)
5. V.trilobata (IC 251431)
6. V.umbellata (IC 251442)
7. V.radiata var.sublobata (IC248344A)
8. V. vex ill at a (IC406507)
9. V.mungo war.sylvestris (1C277014)
10. V.unguiculata (IC298665)

11. V.radiata var.sublobata (IC322206)
12. V.trinervia war .trinervia (IC337486)
13. V.dalzelliana (1C203864)
14. V.mungo var .mungo (IC331447)
15. V. hainiana ( IC3 31448)
16. V.stipulacea (1C324552)
17. V. aeon it (folia ( IC 41734 7)
18. V.mungo var .sylvestris (IC539798)
19. V. mungo var .sylvestris (IC539800)
20. V.trilobata (IC541215)
21. V. marina (1C 539828)
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Table 10 Variability parameters in 150 accessions of taxa of Vigna

SI No Characters Range Minimum Maximum Mean SE SD CV (%)
1 Days to emergence 17 00 2 00 19 00 7 75 0 1651 2 8594 36 91
2 Pnmary leaf length (cm) 6 33 0 90 7 23 2 86 0 0796 1 3795 48 24
3 Pnmary leaf width (cm) 3 80 0 60 4 40 1 59 0 0286 0 4945 31 12
4 Terminal petiolule length (cm) 3 43 0 80 4 23 2 16 0 0357 0 6185 28 58
5 No of lobes m terminal leaflet 5 00 0 00 5 00 1 53 0 0880 1 5242 99 41
6 Terminal leaflet length (cm) 13 23 2 10 15 33 8 30 0 1438 2 4898 30 00
7 Terminal leaflet w dth (cm) 11 24 1 93 13 17 6 49 0 1083 1 8762 28 92
8 Petiole length (cm) 23 33 3 50 26 83 9 60 0 2354 4 0774 42 48
9 No of pnmary branches 6 00 0 00 6 00 3 13 0 0488 0 8444 27 01
10 Days to flowenng 135 00 33 00 168 00 74 17 1 8777 32 5235 43 85
11 Size of flower bud (1 xb) 12 28 0 30 12 58 1 96 0 1032 1 7872 91 38
12 Size of bracteole (mm) 3 00 0 00 3 00 1 95 0 0527 0 9132 46 75
13 No of flowers/raceme 14 00 1 00 15 00 5 74 0 1207 2 0897 36 41
14 Keel pocket length (mm) 4 00 0 00 4 00 2 83 0 0572 0 9910 34 98
15 Peduncle length (cm) 36 43 3 40 39 83 13 71 0 3255 5 6375 41 12
16 No of pods/ peduncle 6 00 1 00 7 00 3 22 0 0508 0 8799 27 33
17 Days to first pod matunty 136 00 48 00 184 00 87 12 1 5814 27 3911 31 44
18 Pod length (cm) 10 50 1 96 12 46 5 06 0 1124 1 9462 38 44
19 No of seeds pod 18 00 1 20 19 20 10 19 0 1481 2 5646 25 16
20 100 seed weight (g) 10 89 0 45 11 34 177 0 0957 1 6572 93 80
21 Seed length (mm) 6 79 2 03 8 82 3 62 0 0759 1 3150 36 32
22 Seed width (mm) 4 33 1 52 5 85 2 68 0 0404 0 6989 26 05
23 Hilum length (mm) 3 84 0 20 4 04 1 59 0 0409 0 7076 44 41
24 Seed yield plant (g) 1090 30 0 20 1090 50 58 98 7 4265 128 6302 218 11
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number of lobes in terminal leaflet (99 41) 100 seed weight (93 80) and size of flower bud 
(9138) The characters which showed vanabil ty of less than 30 percent were terminal leaflet 
width (28 92) teiminal petiolule length (28 58) number of pods/peduncle (27 33) number of 
pnmary branches (27 01) seed width (26 05) and number of seeds/pod (25 16) The keel 
pocket was present in all taxa except V i ngiuculata Vmanna and Vpilosa The length of 
keel pocket vaned from taxa to taxa Plate 5 depicts the vanability in keel pocket length m 
different Vigna taxa The keel pocket was long m Vm ngo var.syl estris and V in  bellata 
var i mbellata minute in Vhaimana V trilobata and Vstipulacea and short or medium short 
in all the other taxa
4 11 Cluster analysis based on qualitative characters

Agglomerative hierarchical clustenng was performed based on the Jaccard s 
similanty coeff cient utilizing the UPGMA method for 47 qual tative characters and the 
dendrogram obtained is presented in Figure 1 The 150 Vigia taxa evaluated could be 
grouped into 10 clusters at 60 percent s milar ty level The list of 10 clusters obta ned along 
w th the accessio s ncluded n each cluster is presented in Table 11 All accessions 
belonging to four d fferent taxa v z V radiata var radiata V ad ata var s blobata 
V ad ata var set losa and Vs b a ia  mna were grouped in cluster I Cluster II included 
access ons belonging to two taxa v z  V trinerv a var boi rneae and V trine 'via var irinerv a 
All accessions of V haimana V mi ngo var sylvestr s V mi ngo var mi ngo and the new 
species were fall ng n cluster III The only access on of V kha dalens s fell n cluster IV 
Access ons belong ng to V lobata and J st p  lacea were included in cluster V One 
accession of Kg/ b esce ? rema ned cluster VI Clus er VII ncluded access ons belonging 
o V d I ell a I bell ar bclla a d I bell a g ac I One access on of



V.hainiana V. radiata var.setulosa V.mungo var.sylvestris

V. radiata var .sublobata V. radiata var. radiata V.subramaniana

V. tri lobataV. umbellata var .umbellata V. unguiculata
Plate 5. Variability in keel pocket in different taxa o f  Vigna
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Table 11 Clustering pattern based on qualitative characters

SI No Cluster
No

No of 
accessions Code of accessions Taxa

1 I 31 Vrsl Vrs2 Vrs3 Vrs4 Vrs5 Vrs6 Vrs7 
Vrs8 Vrs9 VrslO V rsll Vrsl2 Vrsl3 
Vrsl4 Vrsl5

V radiata var sublobata

Vsel Vse2 Vse3 Vse4 Vse5 Vse6 V radiata var setulosa
Vsbl Vsb2 Vsb3 V subramaniana
Vrl Vr2 Vr3 Vr4 Vr5 Vr6 Vr7 V radiata var radiata

2 II 20 Vtbl Vtb2 Vtb3 Vtb4 Vtb5 Vtb6 Vtb7 
Vtb8 Vtb9 VtblO V tbll Vtbl2 Vtbl3 
Vtbl4 Vtbl5 V tbl6 Vtbl7 V tbl8 Vtbl9

V trinervia var bourneae

Vtt V trinervia var tr nerv a
3 III 36 Vhl Vh2 Vh3 Vh4 Vh5 Vh6 Vh7 Vh8 

Vh9 VhlO
V ham ana

Vmsl Vms2 Vms3 Vms4 Vms5 Vms6 
Vms7 Vms8 Vms9 VmslO Vm sll 
Vmsl2 Vmsl3 Vmsl4 VmslS Vmsl6 
Vmsl7 Vmsl8 Vmsl9 Vms20 Vms21 
Vms22

V mi ngo var sylvestr s

Vmul Vmu2 V mi ngo var mungo
V New Vgna species
V dl6 V dalzelha a

4 IV 1 Vk V khandalens s
5 V 16 Vstl Vst2 Vst3 V st pulacea

Vtl Vt2 Vt3 Vt4 Vt5 Vt6 Vt7 Vt8 Vt9 
VtlO V tll Vtl2 Vtl3

V tr lobata
6 VI 1 Vg V glabrescet s
7 VII 35 Vdl Vd2 Vd3 Vd4 Vd5 Vd6 Vd7 Vd8 

Vd9 VdlO V dll Vdl2 Vdl3 Vdl4 
Vdl5 Vdl7 V dl8 Vdl9 Vd20 Vd21

V dalzell ana

Vul Vu2 Vu3 Vu4 Vu5 Vu6 Vu7 Vu8 
Vu9 VulO Vul 1

V n bellata var i n bellata
Vugl Vug2 Vug3 Vug4 V mbellata var grac I s

8 VIII 1 Va V aeon t folia
9 IX 7 Vvl Vv2 Vv3 Vv4 V ex llata

Vunl Vun2 Vun3 V g c lata
10 X 1 Vma V marina

I Vp Vp losa
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V acomtifoha remained separately as cluster VIII Accessions of V ungi ici lata and
V vexillata were grouped in cluster IX and of V marina and Vpilosa in cluster X From the 
clustering pattern it could be seen that all accessions belonging to a single taxa were grouped 
together m the same cluster In the case of V dalzelhana all accessions fell in cluster VII 
except one (Vdl 6) which fell in cluster III
4 12 Cluster analysis based on quantitative characters

Cluster analysis was performed usmg all quant tative characters except days to 
emergence number of lobes in term nal leaflet number of pnmary branches and days to f  rst 
pod matunty as these characters could not be accommodated in the SPAR1 programme Five 
clusters were obtained and access ons included n each cluster are presented in Table 12 The 
ntra and inter 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 II 
and IV (8 758) and the minimum was between cluster I and II (2 515)

Table 13 Intra and nter cluster distances between clusters
Cluster I II III IV V

I 2 505
II 2515 2 985
III 3 209 4 227 3 188
IV 8 150 8 758 6 479 4917
V 3 213 4516 3 205 6 754 3 512
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Table 12 Clustering pattern based on quantitative characters
SI No Cluster

No
No of 

accessions
Code of accessions Taxa

1 I 51

Vd2 Vd3 Vd4 Vd5 Vd6 Vd7 Vd8 Vd9 
VdlO V d ll V dl2 Vdl3 Vdl5 V dl6 
Vdl7 V d l8 V dl9 Vd20

V dalzell ana

Vms20 Vigna mungo var sylvestris
Vr7 V radiata var radiata
Vrsl Vrs2 Vrs3 Vrs4 Vrs5 Vrs6 Vrs7 
Vrs8 Vrs9 VrslO Vrsl2 V rsl3 Vrsl4

V radiata var sublobata

Vse5 V radiata var setulosa
Vtl Vt2 Vt3 Vt4 Vt5 Vt6 Vt7 Vt9 
VtlO V tll  V tl2 Vtl3

V trilobata
Vtbl2 V trinervia var bourneae
Vugl Vug2 Vug3 Vug4 V umbellata var gracil s

2 II 18

V New Vigt a species
Va V acomtifoha
Vdl4 V dalzell ana
Vhl Vh2 Vh3 Vh4 Vh5 Vh6 Vh7 Vh8 
Vh9 VhlO

V ha niana
Vma V marina
Vstl Vst2 Vst3 V st pi lacea
Vt8 V tr lobata

3 III 38

Vrl Vr2 Vr3 Vr4 Vr5 Vr6 V rad ata var radiata
Vmul Vmi ngo var m ngo
Vmsl Vms2 Vms3 Vms4 Vms5 Vms6 
Vms7 Vms8 Vms9 VmslO Vm sll 
Vmsl2 Vmsl3 Vmsl4 Vmsl5 Vmsl6 
Vmsl7 V m sl8 Vmsl9 Vms21 Vms22

V mungo var sylvestr s

V rsll Vrsl5 V rad ata var s blobata
Vsel Vse2 Vse3 Vse4Vse6 V rad ata var setulosa
Vsbl Vsb2 Vsb3 V s bramamana

4 IV 18

Vg V glabrescens
Vk V kl andalens s
Vmu2 V mungo var m ngo
Vp V p  losa
Vul Vu2 Vu3 Vu4 Vu5 Vu6 Vu7 Vu8 
Vu9 VulO Vul 1

V mbellata var umbellata
Vunl Vun2 Vun3 V guic lata

5 V 25

Vtbl Vtb2 Vtb3 Vtb4 Vtb5 Vtb6 Vtb7 
Vtb8 Vtb9 VtblO V tbll Vtbl3 Vtbl4 
Vtbl5 V tbl6 Vtbl7 V tbl8 Vtbl9

V tr nerv a var bo rneae

Vtt V tr en  a var tru en  a
Vdl Vd21 V dalzell ana
V 1 Vv2 V 3 V 4 V vex llata



Fig 2 Cluster diagram showing cluster distances



49

4 1 3  Storage pest study
The percent of storage pest infestation recorded m 150 accessions of taxa of Vigna is 

presented in Table 14 The table shows that the infestation ranged from 0 100 percent Zero 
percent infestation was observed m 55 accessions belonging to different taxa except 
V acomtifoha V subramamana and the new species Hundred percent infestation was 
observed m two accessions each in V umbellata vox umbellata and V unguiculata A 
histogram representing the frequency distribution 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

4 1 4  Study of pollen morphology
The pollen morphology of the selected accessions from 18 taxa of Vigna is presented 

in Table 15 and Plate 6a and 6b The flower buds and the pollen grains from the 4 taxa 
namely V aeon tifol a V m ina V n go var m i go and Vsub an ama ta were insufficient 
a id hence co Id not be included in the stud) The sti dy revealed that the pollen grains of all



Table 14 Storage pest infestation in different taxa of Vig ia

SI No TCR
No

Code 
for taxa Taxa IC

Number Mean Percent of 
infestation

1 268 V New Vig ia species 277045 45 180
2 350 Va V acomt folia 417347 185 74 0
3 9 Vdl V dalzelhana 247408 00 00
4 10 Vd2 V dalzelhana 203864 00 00
5 12 Vd3 V dalzelhana 210555 20 80
6 13 Vd4 V dalzelhana 210556 00 00
7 106 Vd5 V dalzelhana 210559 00 00
8 126 Vd6 V dalzelhana 210579 25 100
9 143 Vd7 V dalzelhana 248168 40 16 0
10 144 Vd8 V dalzelhana 248195 45 180
11 147 Vd9 V dalzelhana 248261 00 00
12 163 VdlO V dalzelhana 248346 00 00
13 199 Vdl 1 V dalzelhana 336206 35 14 0
14 214 Vdl2 V dalzelhana 253961 25 100
15 233 Vdl3 V dalzelhana 253913 00 00
16 234 Vdl4 V dalzelhana 253911 00 00
17 258 Vdl5 V dalzelhana 277025 00 00
18 274 V dl6 V dalzell ana 277060 00 00
19 387 Vdl 7 V dalzelhana 539795 20 80
20 388 Vdl 8 V dalzelhana 539796 00 00
21 398 Vdl9 V dalzelhana 539806 45 180
22 401 Vd20 V dalzelhana 550577 1 0 40
23 407 Vd21 V dalzelhana 541388 25 100
24 20 Vg V glaherescens 251372 00 00
25 24 Vhl V ha i ana 251376 00 00
26 26 Vh2 V haimana 251378 00 00
27 29 Vh3 V / amiana 251381 00 00
28 207 Vh4 V haimana 349905 35 140
29 244 Vh5 V ha i ana 276985 00 00
30 247 Vh6 V hain ana 276999 40 160
31 249 Vh7 V haimana 277007 00 00
32 307 Vh8 V ha i ana 331438 00 00
33 314 Vh9 V hain ana 331448 00 00
34 323 VhlO VI ai nana 331460 1 5 60
35 165 Vk V khandale is s 406504 00 00
36 405 Vma V na na 539828 00 00
37 310 Vmul V go var n ngo 331441 00 00
38 313 Vmu2 V ngo var n go j31447 20 5 82 0
39 155 Vn si Vn go v&vsyl es s 248794 11 0 44 0
40 157 Vms7 J go var 5 / est s 248326 1 0 40
41 158 Vms3 I go var syl est s 748331 20 80
47 160 Vms4 1 go \  x syi es r s 748343 00 00



SI No TCR
No

Code 
for taxa Taxa IC

Number Mean Percent of 
infestation

43 171 Vms5 V nui go var syl estns 256135 00 0 0
44 230 Vms6 V mungo vaisyl estns 253907 00 0 0
45 254 Vms7 Vmungo var sylvestris 277014 90 36 0
46 256 Vms8 V mungo var sylvestris 277021 4 0 16 0
47 259 Vms9 V mungo var sylvestris 277026 90 36 0
48 260 VmslO V mungo var sylvestris 277031 45 180
49 262 Vmsll V mungo var sylvestris 277036 0 0 0 0
50 265 Vmsl 2 V mungo var sylvestris 277039 4 5 180
51 266 Vmsl3 Vmungo var sylvestris 277041 11 0 44 0
52 267 Vmsl4 V mungo var sylvestris 277044 165 66 0
53 270 Vmsl 5 V mungo var sylvestris 277053 00 00
54 271 Vmsl 6 V mungo var sylvestris 277055 1 5 60
55 272 Vmsl 7 V mi ngo var sylvestris 277057 11 5 46 0
56 275 Vmsl 8 V mungo var sylvestris 277061 3 5 14 0
57 276 Vmsl9 V mungo var sylvestris 277084 00 00
58 390 Vms20 V mungo var sylvestris 539798 7 0 28 0
59 392 Vms21 V mungo var sylvestris 539800 45 180
60 393 Vms22 V mungo var syl estr s 539801 00 00
61 410 Vp Vp losa 541389 00 00
62 60 Vrl V rad ata var rad ata 251412 105 42 0
63 61 Vr2 V rad ata var / ad ata 251413 125 50 0
64 62 Vr3 V radiata var ad ata 251414 190 76 0
65 70 Vr4 V radiata var / ad ata 251422 00 0 0
66 72 Vr5 V radiata var rad ata 251424 9 0 36 0
67 74 Vr6 V radiata var rad ata 251426 00 0 0
68 188 Vr7 V radiata var adiata 349699 00 00
69 1 Vrsl V rad ata var s blobata 202538 11 0 44 0
70 3 Vrs2 V radiata var sublobata 202580 05 2 0
71 5 Vrs3 V radiata var s blobata 202643 1 0 4 0
72 7 Vrs4 V radiata var si blobata 247406 95 38 0
73 11 Vrs5 V radiata var s blobata 210554 70 28 0
74 66 Vrs6 V rad ata var si blobata 251418 1 5 60
75 ?78 Vrs7 V rad ata var si blobata 281164 00 00
76 279 Vrs8 V rad ata var si blobata 281165 90 36 0
77 297 Vrs9 V rad ata var s blobata 324496 00 00
78 300 VrslO V radiata vars blobata 322306 00 00
79 301 Vrsl 1 V rad ata var s blobata 351407 0 0 00
80 321 Vrsl 2 1 ad ata var s blobata 331457 05 20
81 397 Vrsl 3 V rad ata var si blobata 539805 3 5 14 0
82 400 Vrsl4 J ad a a var s blobata 550576 05 2 0
83 161A Vrsl 5 V a I a a var s blob a 248344A 95 38 0
84 67 Vsel V ad ata var se losa ^51419 20 5 82 0
85 68 Vse2 J rad ata var set losa 251420 95 38 0
86 69 Vse3 I a I at va se losa 51421 90 36 0



SI No TCR
No

Code 
for taxa Taxa IC

Number Mean Percent of 
infestation

87 71 Vse4 V ad ata var setulosa 251423 11 0 44 0
88 141 Vse5 Vi adiata var setulosa 351404 0 0 00
89 273 Vse6 V radiata var setulosa 277058 05 2 0
90 2 Vstl Vstipulaceae 202559 35 14 0
91 215 Vst2 V stipulaceae 256259 20 5 82 0
92 303 Vst3 V stipulaceae 324552 1 0 4 0
93 238 Vsbl Vsubramamana 253920 22 5 90 0
94 240 Vsb2 V subramamana 253926 20 0 80 0
95 241 Vsb3 V subramamana 253930 195 78 0
96 83 Vtl V trilobata 251435 1 0 4 0
97 84 Vt2 V trilobata 251436 5 0 20 0
98 86 Vt3 V trilobata 251438 85 34 0
99 192 Vt4 V trilobata 349701 55 22 0
100 243 Vt5 V trilobata 276983 0 0 00
101 295 Vt6 V trilobata 351406 05 2 0
102 305 Vt7 V trilobata 331436 17 5 70 0
103 306 Vt8 V trilobata 331437 00 00
104 318 Vt9 V trilobata 331453 00 00
105 319 VtlO V ti ilobata 331454 4 0 160
106 320 V tll V tr lobata 331456 30 12 0
107 402 Vtl 2 V tr lobata 541215 125 50 0
108 403 Vtl 3 V tr lobata 541211 00 00
109 8 Vtbl V trine -v a var boi neae 247407 00 00
110 121 Vtb2 V tr nervia var boumeae 210574 3 5 14 0
111 142 Vtb3 V tri e~va var boi t neae 264289 190 76 0
112 156 Vtb4 V tr nerv a vslv boi rneae 248296 65 26 0
113 164 Vtb5 V t nen a var boi i eae ^49023 90 36 0
114 174 Vtb6 V trine a var boi ineae 406509 1 5 60
115 176 Vtb7 V tr nen a var boumeae 406510 2 5 100
116 189 Vtb8 V tr nen a var boumeae 349700 50 20 0
117 195 Vtb9 Vt enia  varboirneae 349704 1 0 4 0
118 206 VtblO V tr nervia var boi rneae 349885 05 2 0
119 277 Vtbl 1 V tr lerv a var bo rneae 281163 3 5 140
120 290 Vtbl 2 V tr ne-\ a var boi ri eae 280784 20 5 82 0
121 311 Vtbl 3 V r nen a var boumeae 331442 00 00
122 342 Vtbl 4 V tr i  a var bo rneae 372379 8 5 34 0
123 345 Vtbl 5 V t e a var boi neae 372406 90 36 0
124 348 Vtbl 6 V t ne~\ a var bo neae 333605 11 0 44 0
125 384 Vtbl 7 V t ne a var bo r eae 539792 3 5 14 0
126 385 \  tbl 8 V t e~\ a var boi neae 039793 00 00
127 399 Vtbl 9 V e a var bo eae 050o75 00 00
128 302 Vtt I t nen a var t e~\ a 337486 00 00
129 87 Vul V g  a bellata va bellat 251439 00 00
130 88 Vu2 Vg a bellata a bella oo1440 150 60 0
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SI No TCR Code Taxa IC Mean Percent of

No for taxa Number infestation
131 89 Vu3 Vigna umbellata var umbellata 251441 00 00
132 90 Vu4 Vigna umbellata var umbellata 251442 25 0 100 0
133 91 Vu5 Vigna umbellata var umbellata 251443 25 0 100 0
134 92 Vu6 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 22 0 88 0
137 95 Vu9 Vigna umbellata var umbellata 251447 12 5 50 0
138 204 VulO Vigna umbellata var umbellata 349904 23 5 94 0
139 298 V ull 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 22 0
142 331 Vug3 Vigna umbellata var gracilis 331621 1 0 4 0
143 334 Vug4 Vigna umbellata var gracilis 331624 00 00
144 208 Vunl Vigna unguiculata 349906 19 0 76 0
145 284 Vun2 Vigna unguiculata 298665 25 0 100 0
146 308 Vun3 Vigna unguiculata 331439 25 0 100 0
147 161 Vvl Vigna vexillata 248344 105 42 0
148 162 Vv2 Vigna vexillata 248345 00 00
149 169 Vv3 Vigna vexillata 406507 13 0 52 0
150 217 Vv4 Vigna vexillata 349723 90 36 0

Mean
SD
SE
CV (%)

21 8 
28 5 
23 

130 7
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Table 15 Pollen morphology of different taxa of Vigna

Taxa IC
Number

Length
(mp)

Width
(mp)

Exine
thick
ness
(mp)

Shape Sculptunng Exine
spines

New Vigna 
species 277045 0 042 0 043 0 005 Circular Micro reticulate Mmute
V dalzelhana 210555 0 043 0 042 0 005 Circular Micro reticulate Minute
V glaberescens 251372 0 055 0 057 0 005 Circular Reticulate Minute
V haimana 331448 0 036 0 037 0 004 Circular Micro reticulate Mmute
V kl andalensis 406504 0 048 0 046 0 005 Circular Micro reticulate Mmute
V n ngo var 
sylvestr s 253907 0 043 0 042 0 004 Circular Micro reticulate Mmute
V pilosa 541389 0 060 0 061 0 014 Circular Micro reticulate Psilate
V rad ata 
var ad ata 251422 0 042 0 042 0 005 Triangular Micro reticulate Minute
V radiata var 
seti losa 251419 0 043 0 042 0 007 Triangular Micro reticulate Minute
V j  ad ata var 
s iblobata 281165 0 047 0 047 0 005 Circular Micro ret culate M nute
V st p  lacea 256259 0 037 0 037 0 004 Circular Micro reticulate Psilate
V tr lobata 541215 0 037 0 041 0 004 Circular Micro ret culate M nute
V trinerv a var 
boit wae 349885 0 047 0 044 0014 Tn angular Micro ret culate M nute
V t me -via var 
t nerv a 337486 0 050 0 046 0 012 Triangular M cro reticulate M nute
V i mbellata 
var mbellata 251441 0 043 0 046 0 004 Circular Micro reticula e M nute
V i mbellata 
var g acihs 251370 0 043 0 046 0 005 Circular M cro reticulate Minute
V ng ci lata 298665 0 087 0 085 0014 Triangular M cro ret culate Ech nate
V ex llata 349723 0 088 0 088 0015 Tn angular Scabrate Ech nate
Mean 0 049 0 049 0 007 
SD 0 015 0 015 0 004 
SH 0 004 0 003 0 001 
CV(%) 30 61 30 61 57 14
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Plate 6a. Pollen morphology o f  different taxa o f  Vigna
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Vigna taxa were monods tnzonoporate obtuse and convex The exine thickness of pollen 
exhibited maximum variability (57 14%) followed by width (30 61%) and length (30 61%) of 
pollen The length of pollen grams ranged from 0 036 millimicrons to 0 088 millimicrons and 
width from 0 037 to 0 088 millimicrons The thickness of the exine ranged from 0 004 to 
0 015 mill m crons The biggest pollen grains were observed in V vexillata followed by
V i ngi iculata and the smallest in V haimana The exine was thin (0 004mp) in V haimana
V trolobata Vmi ngo var sylvestris V umbellata var i mbellata and Vstip dacea and thick in
V vexillata (0 015mp) Vunguicilata (0 014mp) and Vp losa (0 014mji) The shape of 
pollen was e ther circular or tn angular V radiata var rad ata V radiata var sett losa
V t tnervia var bo a neae V tnnen a var tr nervia V unguiculata and V vexillata were 
having tnangular pollen grams The sculpturing was micro reticulate m all taxa except 
Vglabrescens and V vexillata In Vglabresce s the sculpturing was reticulate and m
V vex llata it was scabrate The spines on exine were mmute in all taxa but ech nate in
V vex llata and V i gi ci lata and ps late n Vpilosa and Vstipi lacea 
4 2 Biochemical characterisation

Distinct vanants from each taxa were selected for b ochemical study The selected 
access ons and their d stinct morphological features are detailed in 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 ibran at ana V acomtifol a and V man a 
could not be ncluded n the study as the leaf samples obtained were insuffic ent due to 
delayed and staggered gennmat on when compared with other access ons Twenty e ght 
access ons were subjected o isozyme analys s v tl perox dase (POX) a id poly phenol 
ox dase (POP) e zy ne The sta ned tocl represen ng the pro e n ba ds vh cl ve e sed for
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Table 16 Accessions selected for biochemical characterisation

SI No Taxa
No of 

access ons 
selected

Access ons D st net morpholog cal feature

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 pnmary leaf 

pet ole purple
Vd5 Leaf w thout wh te patch on upper s de pnmary 

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 Vha n ana 1 Vh9 No vanat on
5 V khandalens s 1 Vk No vanation
6 V m ngo var n go 2 Vmul Seed mo tied b ack

Vmu2 Seed black sh brown
7 V m ngo var sylvestris 2 Vms6 H lum ength short (1 60mm)

Vms7 H lum length med urn (2 32mm)
S V p losa 1 Vp No va at on
9 V rad ata var rad ata 1 Vr4 No vanat on
10 V ad ata var s bloba a 2 V s8 Leaflobed

V slO Leaf unlobed
11 V rad ata var se losa 1 Vsel Nova a on
12 Vstp lacea 1 Vs 2 No vana on
13 V tr loba a 3 Vt2 Tnmary leaf pet ole g een sh purple c mb ng hab t

V tll Pnmary eaf pet ole green cl mb ng hab t
V 12 Pnmary eaf pet ole green sh purple erect hab

14 V tr ervia var bo eae 3 Vtb7 Pnmary leaf pet ole g een sh purple pe ole green 
leaves unlobed

Vtb8 Pnmary leaf pe ole purple pet o e g een sh purple 
leaves shallowly lobed

VblO Pnmary leaf pe ole and leaf pe o e green sh purp e 
leaves shal owly lobed

15 V t erv a var tr e v  a 1 Vtt Nova a on
16 V i n bella a 2 Vu3 Seeds 1 gh g een sh b own

Vu7 Seeds g een sh yellow
17 V n bella a var grac I s 2 Vugl F owers golden yellow seeds mottled black

Vug3 F owe s pale yellow seeds black
IS V g c la a 2 Vunl Seed co o b own

Vun2 Seed colo c earn
19 V ve lla a 1 V 4 No va at on

To al 3
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data so)ring is presented m Plate 7 for POX and in 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 similarity co efficient matrix utilizing the UPGMA method using 
12 protein bands over the 28 accessions and the resulting dendrogram is presented in Figure 
4 From the figure 4 it can be seen that the 28 accessions could be grouped into 4 clusters at 
75 percent similarity The accessions included m each cluster are represented m Table 17

Fig 4 Dendrogram based on isozyme markers

4 3 Molecular characterisation 
4 3 1 ISSR analysis

All the 33 selected access ons 1 sted n Table lo were subjected to ISSR analys s 
using 10 ISSR primers All the 10 primers used i 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 o f  different taxa o f  Vigna based on peroxidase enzyme

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Vms6 Vt 12 Vtb7 Vmu2 Vtt Vug3 V t l l Vu3 V Vtb8 Vrs8 Vu7 Vugl Vg Vd20

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



Plate 8. Isozyme marker profile o f  different taxa o f  Vigna based on poly phenol oxidase enzyme

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Vms6 Vt 12 Vtb7 Vmu2 Vtt Vug3 Vtl 1 Vu3 V Vtb8 Vrs8 Vu7 Vugl Vg Vd20

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
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Table 17 Clustering pattern based on isozyme markers

SI No Cluster No No of 
accessions Code of accessions Taxa

1 I 10 Vms6 V mi ngo var sylvesns
Vugl Vug3 V i mbellata var gracilis
Vg V glabrescens
Vt2 Vtl2 V trilobata
Vrs8 V radiata var s iblobata
Vmul Vmu2 Vmi ngo var mungo
Vun2 V ungi cidata

2 II 9 Vtt V trinervia var tr lervia
Vr4 V adiata var radiata
Vh9 V ha mana
Vd3 Vd21 V dalzell ana
Vv4 V vex llata
Vunl V i ng ict lata
V tll V t lobata
Vsel Vra I ata var set losa

3 III 4 Vtb7 Vtb8 V t ne -via var boi eae
Vu3 V i mbellata var i n bellata
Vd20 V dalzelha a

4 IV 5 Vu7 V n bellata
VtblO V t l  c v  a var bo neae
V New Vig a species
Vst2 V st p  lacea
VrslO V ad ta var si blobata
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polymorphic The numbers of polymorphic bands obtained with each of the pnmer are 
furnished in Table 18 Among the primers used the pnmer 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 pnmers UBC 841 UBC 842 UBC 857 UBC 809 UBC 840 and UBC 810 are shown m 
Plates 9a b c d e and f  respectively No band was observed for genotypes Vsel Vrs8 and 
VrslO with any of the pnmers

Table 18 Polymorphic bands produced in 33 taxa of Vigna w th 10 ISSR pnmers

SI No Pnmer code Number of 
markers

Number of polymorphic 
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

Total 153 153
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Plate 9a. ISSR m arker profile using prim er UBC841
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Plate 9d. ISSR m arker profile using primer U BC809
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4 3 2 Cluster analysis
Agglomerative hierarchical clustering was performed by UPGMA method using 

Jaccard s similarity co efficient matrix with the 153 polymorphic bands over 33 accessions 
evaluated The resulting dendrogram is presented m Figure 5 These 33 accessions formed 
12 clusters at 70 percent similarity level The 12 clusters along with the taxa included m each 
cluster are presented in Table 19 
4 4 Compansion of different clustering patterns

The analysis based on qualitative characters resulted in 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 m Table 20 From this table it can be seen that 86 67 percent of 
accessions of the taxa V radiata var si blobata of qualitative cluster I were falling m 
quantitative cluster I In the case of V radiata var seti losa Vsubi amamana and V radiata 
var adiata belongn g to quahtat ve cluster I 83 33 100 00 and 85 71 percent of accessions 
respectively were found to fall into a single quantitative cluster (cluster III) Similarly in 
qual tative cluster II 100 00 and 94 74 percent of accessions of V trn ervia var trinervia and 
V trinervia var bourneae respectively fell in quantitative cluster V Under qualitative cluster 
III 100 00 percent of accessions of two taxa viz V haimana and the new Vigna species fell 
in quantitative cluster II and 95 45 percent of accessions belonging to the taxa V mungo var 
sylvestris fell in quant tative cluster III The only two accessions of taxa V n i ngo var mungo 
fell in two different quantitative ch sters v 7 ITT and TV Tn qual tat ve cluster V 100 00 and 
92 31 percent of access ons belong ng to I st p I ccae and J t lob 11 fell n quantitative



Fig 5 Dendrogram based on ISSR markers
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Table 19 Clustering pattern based on molecular markers

SI No Cluster
No

No of 
accessions Code of accessions Taxa

1 I 15 Vrs8 VrslO V radiata var sublobata
Vsel V radiata var setulosa
Vr4 V radiata var radiata
Vms6 Vms7 V mungo var sylvesris
Vd3 Vd7 Vd21 V dalzelhana
Vunl V unguiculata
Vug3 V umbellata var gracilis
Vmul V n ungo var ? i ngo
Vk V khandalensis
Vu3 V i mbellata var i mbellata
Vv4 V vexillata

2 II 3 VtblO V trn erv a var boi rneae
Vd5 Vd20 V dalzelhana

3 III 3 Vt2 V trilobata
Vu7 V i mbellata var i n bellata
Vg V glabrescet s

4 IV 1 Vugl V n bellata var gi ac hs
5 V 2 V tll Vtl2 V trilobata
6 VI 2 V New Vigna species

Vmu2 V n i go var n go
7 VII 1 Vh9 V haimana
8 VIII 1 Vtb8 V t i  e ~v a var boi rneae
9 IX 2 Vtt V t e v a var t ne *v a

Vtb7 V tri ervia var boi r eae
10 X 1 Vp V pilosa
11 XI 1 Vst2 V stip lacea
12 XII 1 Vun2 V gi ci lata
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Table 20 Homology between clustering pattern based on qualitat ve and quantitative characters

Qualitative
cluster

No of 
accessions Taxa

No of 
accessions 
taxa wise

Quantitative clusters

I II III IV V

I 31
V radiata var sublobata 15 86 67 13 33
V radiata var setulosa 6 16 67 83 33
V subramamana 3 100 00
V radiata var radiata 7 14 29 85 71

Cluster members 48 39 51 61
II 20 V trinervia var bourneae 19 5 26 94 74

V tr nen la var trinervia 1 100 00
Cluster members 5 00 95 00

III 36

V hamiana 10 100 00
Vmungo var sylvestris 22 4 55 95 45
Vmungo var mungo 2 50 00 50 00
New Vigna species 1 100 00
V dalzelhana 1 100 00

Cluster members 5 56 30 56 61 11 2 78
IV 1 V khandalens s 1 100 00
V 16 V stipulacea 3 100 00

V tr lobata 13 92 31 7 69
Cluster members 75 00 25 00

VI 1 V glab escens 1 100 00
VII 35

V dalzelhana 20 85 00 5 00 10 00
V umbellata var i mbellata 11 100 00
V umbellata var gracilis 4 100 00

Cluster members 60 00 2 86 37 14
VIII 1 Vaeon tifol a 1 100 00
IX 7 V vex llata 4 100 00

V u g  ci lata 3 100 00
Cluster members 42 86 57 14

X 2 V ma i la 1 100 00
; V pilosa 1 100 00

Cluster members 50 00 50 00
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cluster II and I respectively When the qualitative cluster VII is considered 100 00 percent of 
accessions belonging to taxa V t mbellata var umbellata and V umbellata var gracilis of this 
cluster fell into quantitative cluster III and I respectively Nearly 85 00 percent of accessions 
of the taxa V dalzelhana aga n belong ng to the same qualitative cluster fell m quantitative 
cluster I Qualitative cluster IX comprised of two taxa namely Vvexillata 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 100 00 percent of accessions 
belong ng to taxa V manna and V pi losa 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 Vglabrescens and V acomtifol a respect vely Each of 
these taxa was represented by single accession only V khanadalensis and Vglabrescens fell 
n quantitat ve cluster IV and V acomt folia fell in quantitative cluster II The taxa belonging 
to each qualitative cluster and proport on of accessions n each taxa falling in different 
quantitat ve clusters are presented d agrammat cally in Figure 6

The mean standard dev at on (SD) and coeff c ent of variation (CV) computed for 
all the 24 quantitative characters of each of the quant tative clusters is presented in Table 21 
When the variability among the cluster members for each of the quantitat ve clusters were 
revie ved 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 variable characters in cluster I 
Number of lobes of term nal leaflet y eld per plant flower bud size and 100 seed we ght of 
cluster members contnbuted for max num var ab 1 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 we e tl e mos a able charac e \\ 1 egard to cluster IV the most variable



Table 21 Summary statistics of quantitative characters in different quantitative clusters

Cl aracter Cluster I Cluster 11 Cluster III Cluster IV Cluster V
Mean SD CV (%) Mean SD CV (%) Mean SD CV (%) Mean SD CV (%) Mean SD CV (%)

Primary leaf length (cm) 1 58 0 40 25 50 2 09 0 66 31 61 3 48 0 82 23 67 4 95 1 29 26 04 2 12 0 68 32 17
Pr nary leaf v dth (cm) 1 16 0 18 15 76 1 11 0 23 20 60 1 40 0 26 18 78 1 88 0 83 44 45 1 44 0 23 16 17
I c l al pet olulc length (cm] 1 61 0 35 21 62 1 66 0 43 25 57 201 0 42 20 87 2 77 0 58 20 95 2 00 051 25 71
Tcr nal leaflet le lgth (cm) 6 03 1 37 22 65 7 04 2 38 33 86 8 83 1 23 13 92 12 30 1 55 12 57 8 71 1 31 14 99
1 cr al leaflet w dth (cn) 4 99 1 03 20 69 5 19 1 62 31 15 6 89 1 32 19 18 8 52 1 86 21 80 6 96 1 72 24 79
Pe le Itig  h (cn) 7 93 271 34 22 6 33 2 23 35 19 9 25 2 36 25 47 1641 5 07 30 90 9 59 2 87 29 88
D flo eing 76 61 32 04 41 83 61 83 20 12 32 55 52 82 17 91 33 91 80 33 33 77 42 04 106 12 30 33 28 58
11 e bud s ze (cn 2) 1 22 0 49 40 11 0 76 0 69 90 68 1 75 0 40 22 80 3 31 1 35 40 81 3 66 3 29 89 68
B a le s e ( l n) 1 63 0 60 36 79 1 28 0 57 44 96 2 79 0 41 1481 1 00 0 84 84 02 2 52 0 87 34 59
No of flo vers aceme 5 41 1 34 24 84 4 11 1 78 43 26 6 87 1 65 23 98 7 94 3 02 38 00 4 28 0 68 15 85
Length of keel pocket (mm) 2 86 0 57 19 78 1 33 0 69 51 45 3 53 0 56 15 79 2 78 1 70 61 19 2 84 0 37 13 17
Peduncle length (cm) 13 72 6 03 43 98 9 20 4 17 45 32 11 67 2 89 24 72 14 77 6 42 43 45 17 85 5 20 29 14
No of pods peduncle 3 10 0 68 21 86 2 83 051 18 16 3 22 0 71 22 15 4 471 1 37 30 75 2 33 0 52 22 13
Pod le lgth (cm) 4 57 0 57 12 54 3 91 0 82 20 97 4 63 1 22 26 24 8 65 2 32 26 79 6 41 1 75 27 37
No of seeds pod 1045 1 55 1481 7 73 2 55 33 06 11 49 10 67 92 91 8 23 1 98 24 10 11 86 3 03 25 54
100 seed veigl t (g) 0 93 0 19 20 60 0 93 0 84 90 91 1 64 051 31 35 5 70 1 78 31 27 1 43 0 34 23 92
Seed length (mm) 2 77 0 30 10 65 2 64 0 78 29 72 3 14 0 39 12 44 6 43 1 12 17 39 3 31 0 53 16 03
Seed v dth ( n ) 2 12 0 23 11 06 2 02 0 65 32 48 2 66 0 28 1035 3 86 0 61 15 84 2 64 0 38 14 24
H lum length ( ini) 1 71 0 24 14 30 1 21 0 47 38 79 1 92 0 52 27 11 3 09 0 59 19 24 1 81 0 37 20 37
Y el I plant (g) 29 80 17 77 59 64 13 04 14 56 111 60 121 79 237 76 195 22 81 52 61 76 75 76 38 61 44 05 114 09
Days to emergence 9 47 1 70 17 96 9 00 3 73 41 40 6 32 1 96 31 04 4 00 2 11 52 86 8 60 3 16 36 77
No of primary branches 3 61 0 75 20 80 3 33 0 59 17 82 2 84 0 79 27 77 2 39 1 04 43 41 3 00 0 00 0 00
No of lobes of terminal leafle 2 18 1 35 62 12 0 94 1 63 172 16 0 32 0 93 295 46 1 83 1 50 82 09 2 28 1 31 57 35
Days to f  rst pod maturity 91 18 ?8 93 31 73 78 94 73 95 j 0 34 76 08 17 81 23 41 96 39 33 45 34 70 94 84 28 94 30 52

CD
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characters were bracteole size number of lobes of terminal leaflet yield per plant length of 
keel pocket and days to emergence In cluster V the characters contributing to maximum 
variability were yield per plant flower bud size number of lobes of terminal leaf let and 
days to emergence

The range for vanous quantitative characters in each taxa of Vigna is presented in 
Table 22 The weighted averages of vanous quantitative characters computed for each taxa 
are presented in Table 23 Key characters for each taxa were dentified as those characters 
which had a coefficient of vanat on of above 25 percent in 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 shmg vanous taxa and are represented diagrammatic ally in 
figures 7a to 7h

The key quantitative characters thus ident fied for taxa V radiata va s blobata 
belonging to qualitat ve cluster I and d stnbuted in quantitative cluster I and III were days to 
flowenng yield/plant peduncle length number of lobes of terminal 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 radiata belong ng to qualitative cluster I and distnbuted in quant tat ve clusters 
III 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 an an a a of qual tative cluster I and belonging to quantitative cluster III were also 
number of lobes of terminal leaflet yield/plant number of seeds pod days to flowenng 100 
seed we ght and days to emergence

The key quant tative characters dentified for taxa V t e-v a a e i  a and
V e var bo e e of qual tat c clus e II d slnb ed n quant a ve clus er V and V



Table 22 Range for vanous quant tative characters n different taxa

Cha acters V dalzell ana VI a n  ana V mungo 
var mngo

V mungo var 
sylvestris

V radiata 
var radiata

V radiata 
var
sublobata

V radiata 
var setulos 
a

V stipulaceae

D v oencrgence 8 00 13 00 6 00 20 00 3 00 3 00 14 00 3 00 11 00 6 00 11 00 6 00 8 00 8 00 9 00
1 y 1 at length (cm) 1 15 1 97 1 40 2 90 4 43 5 30 2 05 3 77 2 5 560 1 00 2 83 2 03 4 57 0 90 1 45
P y lc t w dth (c n) 0 95 1 67 0 70 1 30 0 93 1 67 0 80 1 70 1 20 1 97 0 60 1 60 0 93 1 33 0 73 1 10
Ter l nal petiolule length (cm) 1 10 2 97 1 50 2 70 2 73 2 80 1 07 2 30 1 83 3 07 1 53 2 27 1 80 2 63 0 80 1 47
No of lobes of terminal leaflet 0 00 3 00 0 00 0 00 0 00 0 00 3 00 0 00 3 00 0 00 3 00
Term al leaflet length (cm) 1 37 11 13 6 00 12 00 9 97 10 83 6 87 10 63 6 97 12 30 5 46 10 17 6 37 10 17 2 10 4 40
Te a nal leaflet vidth (cm) 3 6 10 00 2 60 7 33 8 17 8 20 4 17 7 13 5 33 9 20 5 21 9 51 5 60 9 70 1 93 4 10
Petiole length (cm) 5 07 15 67 4 50 14 00 12 00 15 00 6 50 12 00 7 90 12 43 5 97 16 67 6 20 10 00 3 73 5 53
No f pr a a 7  b a ches 3 00 5 00 3 00 4 00 2 00 2 00 3 00 2 00 4 00 3 0 4 0 3 00 4 00 3 00 5 00
Day to flo ver g 53 00 148 00 45 00 75 00 86 00 127 00 42 00 126 00 33 00 63 00 39 00 67 00 37 00 62 00 48 00 85 00
Flo ver bud s ze (c n2) 0 42 1 92 0 40 0 64 1 65 1 10 2 24 1 10 2 72 0 45 2 40 1 20 2 55 0 63 0 70
Bracteole s ze ( nm) 1 00 1 00 3 00 3 00 2 00 2 00 3 00 2 00
No of flowers raceme 3 00 6 00 3 00 8 00 5 00 6 00 5 00 10 00 4 00 9 00 6 00 9 00 3 00 5 00
Length of keel pocket (mm) 3 00 1 00 2 00 4 00 3 00 3 00 3 00 2 00
Peduncle length (cm) 7 33 16 40 5 20 18 50 14 00 15 00 6 97 19 67 11 90 18 50 5 67 17 33 8 50 15 40 5 67 7 83
No of pods peduncle 2 00 3 00 2 00 3 00 0 00 3 00 3 00 7 00 3 00 4 00 3 00 4 00 3 00
Days to f  rst pod matunty 68 00 171 00 63 00 92 00 44 00 95 00 75 00 99 00 48 00 83 00 56 00 89 00 50 00 96 00 66 00 76 00
Pod length (cm) 3 34 5 22 3 12 5 36 3 90 4 24 2 90 4 04 4 86 6 68 4 00 5 36 3 70 7 14 2 46 3 82
No of seeds pod 7 00 11 40 8 20 11 40 5 60 6 20 5 80 9 60 9 20 12 60 9 20 13 4 10 00 14 8 6 20 8 00
100 seed ve ght (g) 0 68 1 29 0 49 0 85 2 83 4 56 0 80 2 85 1 71 3 13 0 67 1 32 0 82 1 71 0 45 1 03
Seed length (mm) 2 39 3 26 2 03 2 60 3 97 4 94 2 87 3 92 2 94 3 90 2 42 3 01 2 37 3 53 2 10 2 75
Seed width (mm) 1 70 2 83 1 52 2 08 2 83 3 67 2 32 3 22 2 18 3 24 1 95 2 67 2 11 2 87 1 81 1 92
Hilum length (mm) 1 07 2 16 0 83 1 23 2 41 3 41 1 60 2 82 1 48 2 50 1 13 2 39 1 23 1 67 1 06 1 18
Yield plait (g) 2 00 87 52 0 52 23 48 60 70 126 29 25 30 1090 00 4 50 471 00 15 99 70 63 16 72 63 09 1 50 16 00

anan



Table 22 cont nued

Cl a acters V subraman ana V tr lobata V tr nerv a 
var
bour teae

V umbellata 
var i mbellata

V umbellata 
var graahs

V ungmculata V vexillata

Days to cmo ge ce 6 00 8 00 11 00 3 00 19 00 3 00 8 00 8 00 11 00 2 30 3 00 8 00 11 00
P mary leaf le lgth (cm) 7 60 4 10 0 93 1 j 3 1 40 2 53 3 20 6 40 1 17 1 83 3 80 6 73 2 70 3 83
Primary leaf w dth (cm) 1 33 2 00 0 83 1 23 1 00 1 90 0 80 1 70 0 97 1 30 2 47 3 90 1 07 1 53
Term nal petiolule length (cm) 1 83 2 07 1 13 1 87 1 10 2 90 2 07 3 73 1 13 1 30 2 77 3 17 1 10 1 87
No of lobes of term nal leaflet 0 00 3 00 0 00 3 00 3 00 0 00 0 00 0 00
Term nal leaflet length (cm) 7 57 8 37 3 30 5 10 6 97 10 67 10 67 13 67 5 90 7 17 10 97 13 47 6 67 7 43
Term nal leaflet widtl (cm) 6 57 8 50 3 03 5 17 5 07 9 47 6 33 9 83 3 63 4 10 7 00 9 33 3 67 5 00
Petiole length (cn) 5 67 6 93 5 33 10 67 5 50 13 83 12 67 23 67 3 5 633 12 17 15 33 4 33 7 50
No of pr mary branches 4 00 3 00 3 00 2 00 3 00 3 00 3 00
Days to flowering 39 00 45 00 45 00 55 00 57 00 141 00 45 00 87 00 51 00 69 00 48 00 98 00 68 00 75 00
Flo ver bud s ze (cm ) 1 76 2 70 0 40 0 90 1 43 3 40 1 95 3 80 1 10 1 80 5 52 5 75 6 60 12 58
Bracteole size ( n n) 3 00 7 00 3 00 1 00 1 00 0 00 1 00
No of flowers race ne 9 00 4 00 5 00 4 00 8 00 4 00 4 00 4 00 6 00
Length of keel pocket (mm) 3 00 2 00 3 00 4 00 4 00 0 00 2 00
Peduncle length (cm) 9 00 11 17 15 33 39 33 8 57 30 33 9 00 18 67 9 67 12 00 13 67 15 60 13 33 18 50
No of pods pedu lcle 3 00 3 00 0 00 5 00 2 00 2 00 2 00
Days to f  rst pod maturity 68 00 71 00 62 00 80 00 61 00 1190 62 00 102 00 71 00 96 00 61 00 113 00 86 00 103 00
Pod length (cm) 6 08 6 64 4 76 5 34 4 60 6 P0 5 60 11 10 4 88 5 90 11 8 12 46 7 80 11 94
No of seeds pod 10 60 14 40 1 40 12 60 9 80 14 20 5 80 9 60 1020 11 20 10 6 12 00 12 20 18 6
100 seed we gh (g) 1 35 1 57 0 75 0 88 0 67 2 31 4 57 7 53 0 95 1 27 428  11 34 1 06 1 83
Seed length (mm) 2 60 2 87 2 35 2 58 2 58 3 64 5 92 8 32 2 93 3 91 5 48 7 44 4 18 4 84
Seed w dth (mm) 2 20 2 51 1 89 1 92 2 02 3 36 2 84 4 33 1 95 2 43 3 50 5 55 2 52 3 02
H lum length (mm) 0 80 1 00 1 20 1 64 1 28 2 63 2 78 4 04 1 14 1 76 2 25 3 61 2 03 2 18
Y eld plant (g) 14 60 33 99 9 79 33 09 5 51 161 08 43 36 191 41 18 49 22 23 24 24 55 70 1 47 12 67



Table 23 We ghted averages o f vanous quant tat ve characters m d fferent taxa Table 23 c

Tax Pr mary 
leaf 

length 
(cm)

Pr mary 
leaf 

w dth 
(cm)

Terminal
petiolule

length
(cm)

Terminal
leaflet
length
(cm)

Terminal
leaflet
width
(cm)

Pet ole 
length 
(cm)

Days to 
flowenng11

Flower 
bud size 

(cm2)

Bracteole 
s ze (mm)

No of 
flowers/ 

nraceme

Length 
o f keel 
pocket 
(mm)

Peduncle
length
(cm)

No o f 
pods/ 

peduncle

New V gna spec es 2 17 1 10 1 50 8 67 2 80 6 60 55 00 1 65 2 00 8 00 2 00 8 00 3 00
V aeon fol a 3 30 1 00 1 57 5 70 5 53 6 87 84 00 0 30 2 00 4 00 1 00 3 40 3 00
V i I cl! na 1 53 1 27 1 69 7 15 5 44 9 37 111 00 1 13 1 00 5 00 3 00 10 49 3 00
Vglobe cscens 2 87 2 20 2 73 14 83 11 47 26 33 83 00 2 50 100 8 00 , 2 00 37 00 7 00
V } a n ana 2 27 1 08 1 84 831 5 96 6 79 55 00 0 49 1 00 4 00 1 00 10 65 3 00
VU  dakn 3 73 1 93 1 70 13 43 12 67 10 10 155 00 1 82 3 00 15 00 2 00 17 40 5 00
J na 2 70 1 60 2 10 7 57 6 20 6 63 127 00 3 24 0 00 1 00 0 00 3 60 1 00
V go va n go 4 87 1 30 2 77 10 40 8 19 13 50 107 00 1 65 3 00 5 00 2 00 14 50 3 00
I n  go v r ylvc 3 16 1 41 1 77 8 50 6 03 8 95 60 00 1 74 3 00 6 00 4 00 10 94 3 00
V p !  a 3 15 2 65 1 63 8 47 5 30 6 43 168 00 5 52 0 00 15 00 0 00 6 50 3 00
V ! ata a I ta 4 12 1 51 2 43 9 74 7 69 10 01 40 00 1 64 2 00 8 00 3 00 14 34 5 00
V ! a a va / oba a 1 94 1 14 1 88 6 49 6 11 8 20 58 00 1 65 2 00 8 00 3 00 11 69 4 00
V i ata va e losa 3 47 1 14 2 04 8 29 7 60 7 68 50 00 1 67 3 00 9 00 3 00 11 63 4 00
1 s ; lacea 1 21 1 0 94 1 10 3 38 3 37 451 66 00 0 65 2 00 4 00 2 00 6 77 3 00
V Irama a a 3 29 1 61 1 97 7 98 7 37 6 17 42 00 2 23 3 00 9 00 3 00 10 33 3 00
V loba a 1 21 1 08 1 48 4 20 4 00 7 67 53 00 0 73 2 00 5 00 2 00 21 73 3 00
V tr cn  a var bo mac 1 91 1 46 2 02 8 86 7 28 9 95 106 00 2 36 3 00 4 00 3 00 18 87 3 00
V tr erv a va r ne~v a 1 60 1 30 1 97 9 40 7 90 13 33 149 00 3 40 3 00 4 00 3 00 16 50 5 00
V u bella a va bella a 5 25 1 39 291 12 56 8 21 1791 69 00 2 85 1 00 8 00 4 00 13 27 5 00
V mbellat va gr c I s 1 51 1 13 1 19 6 27 3 97 4 43 59 00 1 33 1 00 4 00 4 00 10 67 2 00
V ungu c lata 5 74 3 35 3 01 11 88 8 48 13 50 66 00 5 60 0 00 4 00 0 00 14 62 2 00
V ex Hat 3 43 1 39 1 62 7 20 4 30 6 25 71 00 10 57 1 00 5 00 2 00 15 38 2 00
% rounded off o he next nteger

cn
o o



Dnt nued

Taxa Pod
length
(cm)

No of 
seeds 
pod11

100 seed 
we ght (g)

Seed
length
(mm)

Seed
width
(mm)

H lum 
length 
(mm)

Yield/ 
plant (g)

Days to nemergence
No of 

primary 
branches

No of 
lobes of 
terminal 
leaflet11

Days to 
first pod 
maturity11

N ev a spec es 3 50 9 00 0 54 2 33 1 75 1 06 20 75 11 00 4 00 0 00 77 00
f aco fo l a 5 60 4 00 2 00 4 16 2 08 1 58 0 28 3 00 4 00 5 00 102 00
V d el na 4 28 10 00 0 95 2 83 2 09 1 72 34 38 11 00 3 66 3 00 122 00
J glab sc n 7 70 10 00 3 17 431 3 08 251 211 12 7 00 6 00 0 00 96 00
V f ana 3 90 10 00 0 61 2 29 1 82 0 99 10 54 10 00 3 10 0 00 72 00
VU  nd le 5 70 10 00 4 10 4 40 3 46 1 52 281 4 00 1 00 0 00 170 00

3 30 4 00 4 00 5 12 4 55 2 89 0 20 11 00 3 00 0 00 166 00
t, va n g 4 07 6 00 3 70 4 46 3 26 2 91 93 50 3 00 2 00 0 00 120 00
U va vl 3 75 8 00 1 56 3 14 2 72 2 22 169 99 7 00 2 45 0 00 83 00

8 50 10 00 6 00 5 95 4 46 2 94 0 42 8 00 3 00 0 00 184 00
a a l 5 90 11 00 2 19 3 53 2 75 1 83 80 98 6 00 2 86 2 00 57 00

J va / lata 4 44 11 00 0 90 2 63 2 25 1 77 39 83 9 00 3 93 2 00 77 47
va lo a 5 36 13 00 1 21 2 85 2 43 1 42 34 19 7 00 3 83 0 00 68 00

I a 3 19 7 00 0 76 2 47 1 88 1 13 6 60 9 00 3 67 3 00 72 00
I a 6 38 13 00 1 46 2 74 2 34 0 90 23 96 6 00 4 00 0 00 70 00
J o a a 5 17 12 00 0 86 2 67 2 00 1 52 18 16 9 00 331 3 00 71 00
V r va I o eac 5 80 12 00 1 42 3 10 2 62 1 78 45 96 9 00 3 00 2 84 84 00
V nerv a var e~v a 6 20 13 00 1 35 3 40 2 73 1 99 16 30 11 00 3 00 3 00 169 00
V mbella a var b llata 8 49 8 00 5 85 7 03 3 79 3 32 92 85 4 00 2 00 3 00 87 00
V mbellata va g  e l s 5 25 11 00 1 10 3 21 2 25 1 53 21 11 11 00 3 00 0 00 80 00
V ng cula a 12 05 12 00 6 83 6 29 4 40 2 91 35 10 3 00 3 00 0 00 8100
V ex 11 a 9 77 12 00 1 48 4 37 2 64 2 08 6 92 9 00 3 00 0 00 95 00
H rounded off o he next n

cnc o
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as well as I respectively were yield per plant flower bud size number of lobes of terminal 
leaflet days to emergence and bracteole size In the case of taxa Vhamiana and the new 
Vigna species of qualitative cluster III and falling m quantitative cluster II alone the key 
quantitative characters identified were number of lobes of terminal leaflet yield/plant 100 
seed weight flower bud size length of keel pocket and peduncle length Similarly in the 
same qualitative cluster the key quantitat ve characters for the taxa Vmungo var sylvestris 
distributed in quant tative cluster III and I are number of lobes of terminal leaflet yield/plant 
number of seeds/pod days to flowenng 100 seed weight and days to emergence The key 
quantitative characters for the taxa V n i ngo var mi ngo of qualitative cluster III and 
distnbuted in quantitative clusters III and IV are number of lobes of terminal leaflet 
yield/plant days to emergence and length of keel pocket

The key quantitative characters ident fied for the taxa Vst pi laceae of cluster V 
falling n quantitative cluster II are number of lobes of terminal leaflet y el d/p I ant 100 seed 
weight flower bud s ze length of keel pocket and peduncle length and that of V t lobata 
distr buted n quantitat ve cluster I and II were days to flowenng yield/plant peduncle 
length number of lobes of term nal leaflet flower bud s ze and bracteole s ze Under 
qual tative cluster VII the key quant tative characters ident f  ed for the taxa Vdalzelha a 
and V n bellata var grac I s falling in quant tat ve clusters I as well as II and I respectively 
were days to flowenng yield plant peduncle length number of lobes of terminal leaflet 
flower bud s ze and bracteole size and for that of taxa V bellata var mbellata falling in 
quant tative cluster III vere number of lobes of term nal leaflet yield/plant number of 
seeds pod days o flower i g 100 seed we gh and days to emergence
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The key quantitative characters identified for the taxa V vexillata coming under 
qualitative cluster IX and falling in quantitative cluster V are yield per plant flower bud s ze 
number of lobes of terminal leaflet days to emergence and bracteole size For the taxa 
V i ngi iculata 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 pnmary leaf width

The key quantitative characters identified for the taxa viz V khandalensis 
Vglabrescens V aconotifoha V narna  and Vpilosa which are represented by one accession 
each are the characters which showed the maximum coefficient of vanat on in the respective 
quantitative clusters in which the taxa are d stnbuted

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

When clustenng based on qual tative and isozyme markers are compared t was found 
that the accessions of taxa Vradiata vars blobata fell into two dist net clusters (I and IV 
respectively) S milarly the access ons of V tri lervia var bo irneae were found to be 
d stnbuted in clusters III and IV formed based on sozyme markers S milarly tl e accessions 
belong ng to Vt ilobata Vdalzell a a and V u g  ci lata were found to be d stnbuted n 
d fferent clus e s based on sozyme markers However the access ons of V go 
var go V bell va g ac I s vere fall ng nto s ngle sozyme cluster cluster 1
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Table 24 Homology between clustering pattern based on qual ta ve quantitative and sozyme markers

Qual tative 
cluster No

Total no of 
access ons Taxa

No of 
access ons 
taxa wise

No of 
access ons 
selected

Isozyme clusters

I n m IV
Percent distribution

I 31

Vradiata var si blobata 15 2 50 00 
(QCi)

50 00 
(QCI)

Vradiata varsetulosa 6 1 100 00 
(QCffl)

V si bramaniana 3
V rad ata var rad ata 7 1 100 00 

(Qcm)
Cluster members 25 00 50 00 25 00

n 20
V trmervia var bo meae 19 3 66 66 

(QCV)
33 33 

(QCV)
V trinerv a var tr nervia 1 1 100 00 

(Qcv)
Cluster members 25 00 50 00 25 00

in 36

V iam ana 10 1 100 00 
(Qcn)

Vm ngo var sylvestr s 22 1 100 00 
(Qcm)

Vt ungo var m ngo 2 2
100 00 

(Qcm& 
IV)

Ne v V gna spec es 1 1 100 00 
(Qcn)

V dalzell a a 1
Cluster members 60 00 20 00 20 00

IV 1 V kl andaler s s 1

V 16
V st p  lacea 3 1 100 00 

(Qcn)
V tr lobata 13 3 66 66 

(QCI)
33 33 
(QCI)

Cluster me nbers 50 00 25 00 25 00
VI I V glab escens 1 1 100 00 

(QCIV)

vn 35

V dalzell a a 20 3
66 66 

(QCI & 
V)

33 33 
(QCI)

V bellata var bellata 11 2 50 00
(QCIV\

50 00 
(QCIV)

I bella a va g ac s 4 9 100 00 
(QCI)

Clus er membe s 28 57 28 57 28 57 14 29
VIII 1 1 aco fol c 1
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Qual tative 
cluster No

Total no of 
access ons Taxa

No of 
accessions 
taxa wise

No of 
accessions 

selected

Isozyme clusters

I n m IV
Percent d stnbution

IX 7
V vexillata 4 1 100 00 

(QCV)
V ungu culata 3 2 50 00 

(QCTV)
50 00 

(Qcrv)
Cluster members 33 33 66 66

X 2 V mar na 1
V pilosa 1

QC Quantitative cluster



Table 25 Homology between clustering pattern based on quahtat ve quant tat ve and molecular markers

Q ve 
I No

To al o 
of

access o s
Taxa

No of 
access ons 
taxa w se

I II m IV V VI vn vm DC X XI XII

3 V rad ata var sublobata 15(2) 100 00 
(QCI)

V ra l a a var setulosa 6(1) 100 00 
(Qcni)

V subraman ana 3
V rad ata var rad ata 7(1) 100 00 

(QCIII)
Cluste members 100 00

II 20 V r nerv a var bourneae 19(3) 33 30 
(QCV)

33 30 
(QCV)

33 30 
(QCV)

V r nerv a var tr nerv a KD 100 00 
(QCV)

Clus e nembe s 25 00 25 00 50 00
III 36 V ha n ana 10(1) 100 00 

(Qcm
V mungo var ylvestr s 22 (2) 50 00 

(Qcni)
50 00
(Qcm)

V m ngo var mungo 2(2) 50 00 
(Qcni)

50 00 
(QCIV)

New V gna spec es 1(D 100 00 
(Qcn)

V dalzell ana 1
Cluster members 33 33 33 33 33 33

IV 1 V khandalens s 1(1) 100 00 
(QCIV)

V 16 V st pulacea 3(1) 100 00 
rocm

V tr lobata 13(3) 33 33 
(QCI)

66 66 
(QCI)



Table 25 Homology between cluster ng pattern based on qual tat ve quant tative and molecular markers

O a c 
cl s N

To al o 
f

ic e o s
Taxa

No of 
access ons 
taxa w se

I II III IV V VI v n v m IX X XI XII

Clus c be s 25 00 50 00 25 00
VI 1 V glabrescens K D

100 00 
(QCIV

VII 35 V lalzell ana 20 (5)
60 00 

(QCI & 
V)

40 00 
(QCI)

V mbellata var mbella 11(2) 50 00 
(QCIV)

50 00 
(QCIV

\
V mbellata var grac I s 4(2) 50 00 

(QCI)
50 00 
(QCI)

Cluster members 55 56 22 22 11 11 11 11
VIII 1 V aeon t fo l a 1
IX 7 V veY llata 4(1) 100 00 

(QCV)
V ngu culata 3(2) 50 00 

(QCIV)
50 00 

(QCIV)
Cluster members 66 66 33 33

X 2 V n ar a 1
Vp losa 1(1) 100 00 

(QCIV)
Cluster members 100 00
F gu e$ n the pa enthes s nd acate the number o f access ons selected fo r  molecular charcter sat on 
QC Quant tat ve clus er

v Jcn
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At molecular level clustering it was seen that the accessions of taxa V radiata 
var s iblobata are belonging to the same molecular cluster However in the case of
V trinervia var boi rneae V mungo var sylvestris Vmungo var mungo V t ilobata 
Vdalzelhana V i mbellata var umbellata V umbellata var gracilis and V unguict lata the 
accessions belonging to the same taxa were found to distributed in d fferent clusters at 
molecular level

When the distnbution of selected accessions in the clusters formed based on isozyme 
molecular and quantitative characters vere compared t was seen that accessions of same 
taxa which fell n same clusters based on isozyme and molecular markers fell in d fferent 
clusters based on quantitative characters and vice versa Thus the accessions belonging to 
taxa V i mbellata var i mbellata and V ngi ici lata fell in different clusters formed based on 
isozyme markers but fell in same quant tative clusters S milarly accessions belonging to taxa
V mi ngo var mi ngo and V dal elhana fell n same cluster that formed based on isozyme 
markers but n different quantitat ve clusters

When the distnbution of access ons 1 \ the clusters formed based on molecular 
markers were compared v th d stnbut on of the same in quantitat ve clusters accessions 
belong ng to e ght taxa namely V t ervia var boi eae V mi go var sylvestr s V n u  go 
var ngo V tr lobata V dalzelha a V i mbellata var r bellata V i mbellata var g ac Its 
and V gi c lata fell in same quantitative clusters but in different clusters based on 
molecular markers

It vas also seen that the selected access ons belong ng to a s ngle taxa fell n s i gle 
cluste based on isozyme narkers but n two or three d fferent clusters formed based on 
nolecular narkers Thus 1 e access o s belong g o he taxa V b lla a var g c c I s fell n
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s ngle cluster ba^ul on isozyme markers and quantitative characters but m two different 
clusters based on molecular markers Similarly accessions of the taxa V radiata var sublobata 
fell in single cluster based on molecular markers and quantitative characters but m two 
different clusters based on isozyme markers

Another notable deviation observed was that accessions belonging to the taxa 
Vmungo var m go fell in single cluster based on isozyme markers but in different 
quantitat ve clusters Similar trend was observed in the case of Vdalzelhana Here the 
accessions fell in sane cluster based on isozyme and molecular markers but m different 
clusters formed based on quantitative characters 
4 :> Ke\ for identification of taxa

Based on the morphological biochemical and molecular characters the 
following ke for dentification of Vigna species was developed In the key after the 
morphological characters the data on biochemical and molecular characters are provided for 
each of ihe spec s numerals which represents the number of polymorphic bands obtained 
The h ghest nu be ol bands were obtained with peroxidase and UBC842 and hence taken 
for prep a rat oi oi 11> The first figure indicates the number of bands obtained in biochemical 
charactenzat on h peroxidase isozymes and the second by molecular characterization with 
primer UBC842 The characteristic features of 22 taxa of Vigna are presented in Plates 10 to 
31
a Pnmary leaf attachment petiolate germination hypogeal

7a Pn nary 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 5 Vpilosa

3b Flowers yellow pod glabrescent anl not well
developed hilum plain leaf round fleshy 0 0

— V marina
2b Pnmary 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 acomtifoha
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 5mm)
6a Leaf ornamentation either green or white patch present

leaf lobed
7a Leaf shallowly lobed 7 9 V dahelha a
7b Leaf deeply lobed presence of pinkish tinge on

mature pod anl well developed 2 8
V st p lacea

6b Leaf ornamentation absent leaf unlobed
8a H lum concave ar 1 not well developed9 4

V i i bellata var grac I s 
8b H lum convex ar 1 well developed 4 4

V i mbellata var in  bellata 
5b Pod attachment honzontal stem and pod densely pubescent bracteole 

small (0 6 1 0mm) to med um (> 1 0mm)
9a Presence of white patch on leaf dense brown short ha r

on ste n and pod seed rectangular 7 7
V t e i  var bo e e
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9b Absence of white patch on leaf dense brown long hair 
on stem and pod seed oblong 6 6

V trmervia var trmervia
lb Primary leaf attachment sub sess le germination epigeal

10a Stipule lanceolate anl well developed 
11 a Plant not climbing

12a Plants tall erect stipule large 0 1
V khandalens s

12b Plants not tall procumbent stipule medium 8
2 Vmungo var mi ngo

lib  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 0 V rad ata var set losa
10b Stipule ovate anl not well developed

14a Flower yellow keel pocket minute (<0 1mm) pod 
glabrescent leaf densely pubescent 7 7

V ha ma la
14b Flower green sh yellow or pale yellow keel

pocket med um (0 2 0 3mm) pod moderately 
pubescent
15a Plant erec seed rectangular 7 2

V rad ata var rad ata
15b Plant climbing

16a Bracteole lanceolate peduncle 
glabrescent pod attachme it 
honzontal pendent absence of 
d st net p nk spot on the t p of



young pod 0 0
V subramamana 

16b Bracteole ovate peduncle 
moderately pubescent pod 
attachment horizontal distinct 
pink spot on the tip of young 
pod 9 0  —

— V radiata var si blobata
17a Germinat on hypogeal pnmary leaf attachment sub sessile 6 26 V vexillata
17b Germination epigeal primary leaf attachment petiolate

18a Flower violet pod long anl well developed 8 8
V ungitici 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
Vt lobata

19b Pnmary leaf ovate lanceolate leaves ovate
lanceolate unlobed 4 3 Vigna spec es lova



Plate 10. V.pilosa

a. Plant habit
b. Primary leaf
c. Seeds



Plate 1 1. V.marina

a. Plant habit
b. Dry pod
c. Seed
d. Mature pod
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Plate 12. V. aconitifolia

a. Plant habit
b. Primary leaf
c. Seed
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Plate 13. V. glabrescens
a. Plant habit
b. Seed
c. Dry pod
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Plate 14. V.dalzelliana
a. Plant habit
b. Primary leaf
c. Flower
d. Immature pods
e. Dry pods
f. Variability in seeds o f  different accessions
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Plate 15. V.stipulaceae
a. Plant habit
b. Primary leaf
c. Flower
d. Leaf ornamentation
e. Dry pods
f. Variability in seeds o f  different accessions
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Plate 16. V. umbellata var. gracilis
a. Plant habit
b. Primary leaf
c. Flower
d. Immature pod
e. Dry pods
f. Seed
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Plate 17. V.trinervia var. bourneae
a. Plant habit
b. Primary leaf
c. Immature pod
d. Variability in seeds o f  different accessions
e. Flower
f. Dry pods



Plate 18. V.trinervia var.trinervia

a. Plant habit
b. Primary leaf
c. Seeds
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Plate 19. V.umbellata var.umbellata
a. Plant habit
b. Primary leaf
c. Flower
d. Immature pod
e. Dry pods
f. Seed variability o f  different accessions



Plate 20. Vigna species nova

a. Plant habit
b. Immature pod
c. Dry pod
d. Seed



Plate 21. V.khandalensis
a. Plant habit
b. Leaf



Plate 22. V. mungo var .mungo
a. Plant habit
b. Primary leaf
c. Immature pods
d. Variability in seeds o f  different accessions
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Plate 23. V.mungo var .sylvestris
a. Plant habit
b. Primary leaf
c. Immature pods
d. Variability in seeds o f  different accessions
e. Dry pods



b

c
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Plate 24. V.radiata var.setulosa
a. Plant habit
b. Primary leaf
c. Dry pods
d. Variability in seeds o f  different accessions
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Plate 25. V. hainiana

a. Plant habit
b. Primary leaf
c. Immature pods
d. Flower
e. Dry pods
f. Variability in seeds o f  different accessions
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Plate 26. V. radiata  var .radiata

a. Plant habit
b. Primary leaf
c. Dry pods
d. Variability in seeds o f  different accessions



Plate 27. V.subramaniana
a. Plant habit
b. Primary leaf



Plate 28. V.radiata may.sublobata
a. Plant habit
b. Primary leaf
c. Immature pods
d. Leaf variability
e. Mature pod
t. Variability in seeds o f  different accessions



Plate 29. V. vexillata

a. Plant habit
b. Primary leaf
c. Flower
d. Dry pods
e. Variability in seeds o f  different accessions
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Plate 30. V.unguiculata

a. Primary leaf
b. Dry pods
e. Variability in seeds o f  different accessions
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Plate 31. V.trilobata
a. Plant habit
b. Primary leaf
c. Immature pods
d. Variability in seeds o f  different accessions
e. Dry pods
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5 Discussion
The genus Vigna is one of the largest groups in leguminoseae The three major pulse 

crops grown in Ind a namely green gram black gram and cowpea belong to this genus The 
other minor pulses cultivated in India belonging to this genus are jungle bean nee bean and 
moth bean The wild species of these pulses are also found to occur in India (Arora 1985) 
Though several authors have reported the occurrence of wild species a consolidated list of 
Vigna species occumng in India and the taxonomical identity of some species are still 
confusing Hence morphological charactensation combmed with biochem cal and molecular 
charactensation was done to identify the different species and also to understand the spec es 
relationships m Vg a 
5 1 Morphological characterisation

The 150 access ons of Vtgi a species were evaluated based on vanous qual tat ve and 
quantitative characters Var ability was observed among the 150 accessions m vanous 
qualitative morpholog cal characters Based on these qual tative characters the accessions 
were regrouped into 22 taxa Of the 22 taxa 1 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 pnmary 
leaves the 22 taxa of V g a were class fied nto four d fferent types They were (Plates la to 
lc)
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 in sub genus 
Ceratoiropis The taxa belonging to section Acomtifohae exhibited 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 belongmg 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 Baudoin 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 charactenst cs The new Vigna taxa showed Type A nature 
as in the case of taxa belong ng to Acomtifohae section But this accession differed from 
other taxa of A co tfohae sect on n glossy and unlobed nature of leaves glabrescent plant 
type and pod characters

Morpholog cal evaluation revealed tl at omamentat on on surface of leaf was also a 
distn c character for different at ng species or diffeient var et es witl n the same species 
Ornamentation of the leaf helped to d fferentiate V st pi laceaea from V tr lobata V tr erv a 
var bo neae from V trinerv a var tr ne~v a and V dalzell a a from V i bellata

Attachment of stipule was peltate n all the taxa belonging to sub genus Cei atot op s 
but bas fixed in all the taxa belonging to other sub genera Sim larly the flower colour ranged 
from yellow to shades of yellow in all the members of sub genus Ce atotrop s Baudo n and 
Ma echal (1988) Tomooka et I (2003) and Bisht et il (?005) also reported peltate stipule 
and yellow flowers n Asiatic V g a taxa
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All tl 24 quant tative characters evaluated exhib ted high coefficient of variation 
nd ca g the m ei se variability available in these taxa with respect to these characters 

(1 able 10) Thougl here was no significant variability m the length of keel pocket the 
presence r abscice of keel pocket played an important role in distinguishing the different 
taxa ndudtd n h s dy (Plate 5) The keel pocket was absent m all the taxa belongmg to 
sub genus J gnr Ho ever m V vexiUata belonging to the section Plectotropis a minute keel 
pockc vas obser\ cd The keel pocket was prominent m all the species belonging to sub 
genus Ce a nf The presence of keel pocket as a key morpholog cal character for Asiat c 
V g a u a a so It or bed by Tateishi and Ohashi (1990) and Tomooka et al (2003) 
o i l  Cl is er alysis based on qualitative characters

Clustei a al s s based on 47 qualitat ve characters revealed that the access ons 
b I ngin^ t 2? axa fell nto 10 different clusters at 60 percent similarity The taxa 
belong ng o Ce ops  sect on of sub genus Ce atot ops  were found to fall nto three 
d s c cl cluster I III and IV The accessions belonging to V adiata var ad ata
/ d a a olo V ad ata var seti losa and Vs b a a a were fall ng n clus er I
Ti t  acc s c s b long ng to V haimana V m ngo var mi go V m go var sylvestris and the 
nt v V £ pe s vere fall ng n cluster III V kha dale s s alone was found to fall n 
clus t  1 (T bi II) The taxa withm each cluster were closely related The new Vig a
s] 1 C tot op s group and was found to be more closely related to mi ngo
o ex an ad at i V U a daleisis belong ng to the same sub genus formed a distinct 

1 valso Vkl i dale s s was dist net fro n all the other taxa of V g  a by
b ge fol aceous st pules and broad leaflets Hn vevr t resemh ed 

a l I nd po 1 cl aracters S n liar resul s ve e reported n he stud es
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conducted by earlier workers m Vigna species (Maekawa and Shidei 1955 Baudet 1974 
Jaasaka and Jaasaka 1990 Lawn 1995 Kaga et al 1996 Tateishi 1996 Tomooka et 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 trmervia var bourneae 
and V trmervia var trmervia were found to fall m cluster II The accessions of V dalzelhana
V i mbellata var i mbellata and V i mbellata var gracilis were falling in cluster VII 
Vglabrescens alone was found to go into cluster VI It can be seen that the position of both 
taxa of Vtrmervia (Vtrmervia var trmervia and Vtr nervia wax bourneae) is in between 
radiata and n i ngo group of Ceiatotrop s section This is in contrast to the report given by 
Bisht et al (2005) They have reported that the V tri erv a formed a d stinct group and was 
ntermediate between Ceratotropis and A g lares sections Moreover there s no authent c 

report of occurrence of V tr nervia var / t erv a in Ind a This species has so far been 
reported as V bou neae only The only one accession of Vglab esce s ncluded in the present 
investigation formed a separate cluster (cluster VI) n between V t lobata and V dahell a a 
sections of Ce atot op s This spec es is probably an amphidiploid reported to be combining 
the genomes of V ad ata and V un bellata (Dana 1964) However based on rDNA sequence
V glab esce s had been shown to be a denved from V i mbellata and Vaig 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 belong ng o I / lobata and V st p  lacea of sect on Aco tifol ae were 
fall ng m o same cluster (cluste V) and wl ich was placed n between Ce atot op s ai d 
A g la cs sect on T1 e o ly access on of I aco t fo l a rema ned as a d st nc cluster (cluster
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VIII) and was observed to be closely associated with V t mbellata group The closeness of 
these two taxa and the placement of Acomtifohae section in between Ceratotropis and 
Angiilares were also reported by Bisht et al (2005) and Tomooka et al (2003) Like
V trinervia an authent c report on occurrence of Vstipulaceae m Ind a is not there so far 
Vstipilaceae is found to occur m Snlanka (Tomooka et al 2003) A live plant of this 
particular accession of Vst pulaceae (Vst3) was collected from sandy beach of Kanyakuman 
district of Tamil Nadu by NBPGR The seeds of this accession might have been dispersed 
through water and got established m the sandy beach of Kanyakuman Probably a first report 
on occurrence of Vstipulaceae in Ind a w 11 emerge from this study

The taxa belonging to sub genus other than Ceratotropis namely Vpilosa V marina
V vexillata and V i ngi ici lata formed two distinct clusters (cluster IX and X) Of these 
access ons of V vexillata and V i ngi ici lata were coming in the same cluster (cluster IX) 
indicat ng a close relationsh p bet veen them V vex I lata resembled V i gi c lata in features 
like long pods (>8cm) and large pea like flo vers Vpilosa 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 Vn ar / a is another un que taxa occurring in 
islands of Andaman and N cobar and Lakshadweep
5 12 Cluster analysis based on quantitative characters

The clustering based on quant tat ve characters resulted m 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 in 
qual tat 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 Ceratotropis were mcluded in 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 in lobata and Vambellata 
vox gracilis falling in cluster I were distinctly different from V khandalensis Vpilosa 
Vglabrescens and V umbellata var umbellata falling in cluster IV This is also confirmed by 
the distmct morphological features of these taxa The smallest inter cluster distance between 
clusters I and II indicated the close relationship among the taxa (Vradiata var radiata 
Vradiata var sublobata V dalzelhana V trilobata and Vumbellata var gtacihs
V acomtifoha V hamiana V marina and V stipulacea) falling into these clusters 
5 1 3  Storage pest study

The present study showed bruchid infestation ranged from 0 100 percent among the 
accessions (Table 14) From this t is clear that the resistance sources for bruchid beetles are 
available in the evaluated taxa irrespect ve of whether wild or cultivated The individual 
access ons belonging to each taxa are hence to be considered for identification of resistant 
sources The differences in the level of resistance observed among the accessions of the same 
taxa may be due to intra 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) Lambndes and Imne (2000) had identified 3 accessions of
V adiata var siblobata as resistant to bruchid beetles Tomooka et al (1992) had also 
developed a res stant source by backcrossing V ? adiata var sublobata with V adiata Hence
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su table breeding programmes can be employed for developing resistant types using the 
resistant sources available in d fferent taxa of Vigna 
5 1 4  Study of pollen morphology

Pollen grains of all the taxa evaluated were found to be monads tnzonoporate obtuse 
and convex However there existed significant differences among the accessions in size of 
pollen gra ns thickness of exine shape sculpturing and nature of spines on the exine 
V vex Uata had the b ggest pollen grain followed by V t ngi icnlata and Vpilosa 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 utilized pollen attnbutes 
such as pos tion of furrows pollen wall morphology symmetry shape and size of pollen 
grams as main characters of taxonomic value in establ sh ng relationships among the taxa 
However the results of the present study are not in full agreement with that report 
5 2 Biochemical characterisation

The clustering pattern based on isozyme study us ng distinct accessions belong ng to 
d fferent V gna taxa vas different from the pattern formed based on morpholog cal 
charactensation (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 charactensation (qualitative and 
quantitative clustenng) Th s ind cated that the divers ty in V gna taxa based on isozyme 
markers s very low This s n contrast to the results reported by Sehgal and Chandel (1992) 
a d Selv et at (2003) They suggested tl at sozymes w th high level of polymorph sm were 
effect ve tools for d vers ty analysis n V g a taxa The sozymes used n he present study 
perox dase and poly phenol ox dase ere polymorphic Though the sozymes sho ved
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polymorphism the results were not in agreement with those reported by Sehgal and Chandel 
(1992) and Selvi et al (2003) Hence it is suggested that more isozymes showing still higher 
levels of polymorphism may be used for charactensat on of taxa of Vigna 
5 3 Molecular charactensation

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 in 
cluster I The 15 accessions in cluster 1 belonged to all sect ons of Vigna except 
Aeon i fohae The three accessions of section Acomtifohae included in this study fell nto 
three different molecular clusters (clusters III 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 charactensat on rather than distinct 
var ants alone The result of the present study are n agreement with the results reported by 
Ajibade et al (2000) Tomooka et al (2001) Doi et al (2002) and Saravanakumar et al 
(2004) in Vg a spec es using molecular markers
5 4 Comparison 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 mto 10 and 5 clusters respect vely The relat onsh p 
among the taxa was explained more logically at 60 percent sim lanty in clustering based on 
qual tative characters The d fferences among different taxa falling n the same qual tat ve 
cluster can be further explained vhen quant tat ve tra ts are also cons dered A companson of 
the vo clustering pa terns was done by f  nd ng out percent d st but on of access ons of each
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taxa m a qualitat ve cluster into different quant tative clusters Majority of access ons of each 
taxa in a single qualitative cluster fell into a single quantitative cluster indicating the 
similarity among these accessions at quantitative level also The remainmg accessions of 
these different taxa indicated that though these accessions appeared to be similar at 
qualitative level they are different at quant tative level However the accession Vdl6 of 
V dalzelhana 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 points to the need of subjecting 
this accession to further study

Using the key quantitat ve characters ident f  ed a statistical key was also developed 
for distinguishing the d fferent taxa of Vigna The key quantitative characters identified for 
each taxa are represented in Figure 7a to 7h

The selected accessions from various taxa used for sozyme and molecular analysis 
grouped nto four and twelve clusters in respective clustering patterns When a comparison 
was made among the qualitative 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 isozyme 
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 fferei t Vg a taxa all 150 accessions are to be subjected to 
molecular characterizat on



90

5 5 Key for identification of taxa
Unknown taxa can be identif ed with already known herbarium specimen ut hzing 

the available literature and comparing the description of unknown taxa with publ shed 
description Taxonomic keys prove an ideal tool for rapid identification of unknown taxa 
Keys are very convenient reliable and quick to use Based on the arrangement of characters 
and their 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 identified to distinguish 22 taxa of
V gna Uni ke earlier keys described 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 isozyme and molecular analys s Earl er Babu et al (1985) Dana and 
Kamakar (1990) and Tomooka et al (2003) had developed dichotomous keys to identify few
V gna species
5 6 Future line of work

The present research work included both cult va ed and v Id taxa of V g a and tl e 
relat onships among the 22 taxa were expla ned The cultivated taxa namely V ad ata 
var ad ata Vn go var t igo Vi mbellata var i n bellata Vaco tfo l a Vi g c lata 
and V t ilobata could be mproved for y eld by utilizing the respect ve w Id taxa in breeding 
programmes For utihz ng these wild taxa crossability relationships among the taxa need to 
be established The crossability relationsh ps can be utilized to group the taxa nto d fferent 
gene pools Access ons dent f  ed as res stant sources for bruch d nfestat on can be ut 1 zed 
in breed ng programmes for transfer of res stance nto cul vated variety Ano her mportant 
aspect hat needs tlirus s screen ng of Vg a access ons in endem c areas for yello v l osa c
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virus (YMV) resistance The identification of res stant sources for YMV would be a 
tremendous break through m the research field of genus Vigna

The biochemical and molecular characterisation made in the present study was based 
on distinct variants 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 in Vigna taxa
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6 SUMMARY

The study entitled Charactensation and systematic evaluation of genetic 
resources of the genus Vigna was earned out in the Department of Plant 
Breeding and Genetics College of Horticulture at Vellamkkara 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 Thnssur using morphological markers 
and to confirm the results using biochemical and molecular markers in distinct 
vanants m different taxa as well as to prepare a key for the identification of 
different Vigna taxa

Morphological charactensation of 150 accessions of Vgna was based on 
48 qualitative and 24 quantitative characters The biochem cal charactensation of 
the dist net vanants from each taxa was done us ng isozymes perox dase and 
poly phenol oxidase Inter Sequence Repeat Analys s using 10 d fferent pnmers 
was done for molecular charactensation The clustenng 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 into 22 different taxa which included a new Vigna species wh ch d d 
not fit nto any of the known taxa

Among the qualitative characters considered for morphological 
charactensat on type of seed germination nature of attachr lent of pnmary leaves 
s ze and shape of stipules presence of hgule shape of bracteole nature of pod 
attachment to peduncle curvature of pod shape of seed and shape of hilum were 
d st net for each taxa

The access on var ed in the type of germination and nature of attachment 
of pnmary leaves The germi lat on was ep geal and pnmary leaf attach nent was 
petiolate n V t lobata V g c la a and the ne v I g a spec es It vas ep geal
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and sub sessile in Vkhandalensis V mungo wax mango V mango var sylvestris
V radiata var radiata V radiata var setulosa V radiata var sublobata Vhainiana 
and Vsubramamana In V acomtifoha V dalzelhana Vmarina Vpilosa V 
stipulacea Vglabrescens V trmervia var bourneae V trmervia var trmervia
V umbellata wax umbellata and V umbellata var gracilis it was hypogeal and 
petiolate Hypogeal germination and sub sess le attachment of primary leaf was 
observed m V vexillata

Ornamentation was present on the leaves of Vstipulacea V trmervia 
var bourneae and V dalzelhana but was absent n all the other taxa The colour of 
ornamentation was either white as in Vstipulacea and V trmervia var bourneae or 
green as in J dalzelhana

The taxa evaluated varied in size and shape of stipules The shape of 
stipule was lanceolate n V acomtifoha V dalzelhana V marina V mungo 
wax mungo V m ngo  var sylvestris and V pilosa ovate lanceolate in V tnnerv a 
var boi ineae V tr nerv a var tnnerv a V t mbellata var umbellata V umbellata 
var gracilis V i ngi iculata and V vexillata ovate m V ham ana Vkha idalens s
V radiata var radiata V radiata var si blobata V radiata var set ilosa 
Vst p  dacea Vsubraman 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 vanab 1 y of less than 30 percent were 
width of terminal leaflet length of terminal pet olule number of pods/peduncle 
number of pnmary branches seed width and number of seeds/pod

The keel pocket was present in all taxa except n V ngu c lata V marina 
and Vp losa The length of keel pocket vaned from taxa to taxa The keel pocket 
was long in V ngo var syl est s and V bella a var bellata m nute
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V hainiana V trilobata and V stipulacea and short or medium short in all the 
other taxa

The 150 accessions evaluated could be grouped into 10 clusters based on 
qualitative characters at 60 percent similarity level Clustering pattern revealed 
that all accessions belonging to single taxa grouped together in the same cluster

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

The accessions varied m their susceptib lity to storage pest infestation 
The infestation ranged from 0 100 percent No infestation was observed in 55 
accessions belonging to different taxa except Vacomtifoha Vsubramamana and 
the new species Hundred percent infestation was observed m two accessions one 
each n V umbellata var umbel lata and V ungi iculata

Palynological study of the accessions revealed that the pollen grains of all 
Vigna taxa were monods tnzonoporate obtuse and convex Max mum variability 
was observed in thickness of exine The exine was thin m V hain ana V trolobata 
and V stipulacea and thick in V vex I lata V ung ic data and V p  losa Pollen 
gra ns were large in V vexillata and V i ngi ici lata and small in Vhai uana
V t ilobata and Vstipi lacea The shape of pollen was e ther c rcular or triangular
V radiata var rad ata V radiata var set losa V t nervia var bourneae 
Vtrtnema  var tnnenna V nguiculata and V vexillata were hav ng tnangular 
pollen gra ns The sculptunng was nicro reticulate in all taxa except 
Vglabrescens and Vvex llata In Vglab escens tl e sculptunng was reticulate and 
n V vexillata it was scabrate The sp nes on the ex ne were m nute in all taxa 

except in V vex llata and V i g culata In V vex llata and V ung c data the 
sp nes were ech nate Psilate sp nes were found n Vp losa and V sip  lacea
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Based on isozyme analysis using perox dase (POX) and poly phenol 
oxidase (POP) enzymes the selected accessions could be grouped into 4 clusters at 
75 percent similarity

All the 10 primers 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 polymoiphic Among the primers used 
the primer 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 similarity 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 into 
vanous quant tative biochemical and molecular clusters The results showed that 
there existed a similanty between clusters formed based on qual tative and 
quantitative characters with majonty of access ons of each taxa n a qualitative 
cluster falling in the same quantitative cluster Key quantitative characters for 22 
different taxa of Vigna were ident fied based on the quantum of vanability and 
weighted averages of vanous quant tative characters

The accessions taken for isozyme and molecular study were distinct 
vanants hence fell in different clusters formed based on the respective markers 
When the distnbution of selected access ons in the clusters formed based on 
isozyme molecular and quant tat ve characters were compared t was seen that 
accessions of same taxa which fell in same clusters based on isozyme and 
molecular markers fell in different clusters based on quant tative characters and 
v ce versa indicating the extend of similanty 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 t vo or three d fferent clusters based on molecular
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markers The accessions that fell in same cluster based on isozyme and molecular 
markers fell in different clusters formed based on quantitative characters

Based on the morphological biochemical and molecular characters a 
dichotomous key for identification 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 fruit 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
SI No TCR

No
Code for 
taxa

Taxa Days
to
emerge
nee

Type of 
seed
germinat
ion

Colour of 
hypocotyl

Vigour of 
seedlmg

Shape of
primary
leaf

Primary
leaf
length
(cm)

Primary
leaf
width
(cm)

Colour of 
primary 
leaf 
petiole

Nature of 
attachment 
of primary 
leaf

Habit

87 259 Vms9 V mungo var sylvestris 6 1 1 3 2 3 43 r 153 1 2 1
88 260 VmslO V mungo var sylvestris 7 1 1 r 3 2 2 77 123 1 2 1
89 262 Vmsll V mungo var sylvestris 7 1 1 3 2 3 17 170 1 2 1
90 265 Vmsl2 V mungo var sylvestris 6 1 1 3 2 3 77 1 57 1 2 1
91 266 Vmsl3 V mungo var sylvestris 6 1 1 3 2 3 37 1 50 1 2 1
92 267 Vmsl4 V mungo var sylvestris 6 1 1 3 2 3 23 1 60 1 2 1
93 268 V New Vigna species 11 1 1 2 2 2 17 1 10 1 1 1
94 270 Vmsl5 V mungo var sylvestris 7 1 1 3 2 3 07 1 57 1 2 1
95 271 Vmsl6 V mungo var sylvestris 6 1 1 3 2 3 47 1 17 1 2 1
96 272 Vmsl7 V mungo var sylvestris 6 1 1 3 2 3 60 170 1 2 1
97 273 Vse6 Vradiata varsetulosa 7 1 1 2 2 2 87 1 33 1 2 1
98 274 Vdl6 V dalzelhana 8 2 1 2 2 1 50 123 2 1 1

99 275 Vmsl8 V mungo var sylvestris 6 1 1 3 2 3 30 1 53 1 2 1
100 276 Vmsl9 V mungo var sylvestris 6 1 1 3 2 3 13 1 53 1 2 1
101 277 Vtbll V trmervia var bourneae 7 2 4 3 1 2 23 177 2 1 1
102 278 Vrs7 V radiata var sublobata 8 1 2 2 2 1 93 123 2 2 1
103 279 Vrs8 Vradiata vox sublobata 8 1 2 2 2 1 87 127 2 2 1
104 284 Vun2 Vigna unguiculata 2 1 1 4 1 6 73 3 90 1 1 1
105 290 Vtbl2 V trmervia vex bourneae 8 2 2 2 1 2 00 1 63 2 1 1
106 295 Vt6 V trilobata 8 2 2 2 5 120 1 07 1 1 1
107 297 Vrs9 Vradiata var sublobata 11 1 2 1 2 1 50 1 00 2 2 1
108 298 Vull Vigna umbellata var umbellaU 8 2 4 3 3 3 60 1 03 3 1 1
109 300 VrslO Vradiata \ ar sublobata 11 1 1 2 2 1 77 1 07 1 2 1
110 301 Vrsll Vradiata \ ar sublobata 6 1 4 3 2 2 83 1 60 2 2 1

a t pr a 11 2 1 2 1 1 60 1 30 1 1 1



1 2 3 4 5 6 7 8 9 10 !SI No TCR
No

Code for 
taxa

Taxa Days
to
emerge
nee

Type of 
seed
germmat
ion

Colour of 
hypocotyl

Vigour of 
seedlmg

Shape of
primary
leaf

Pnmary
leaf
length
(cm)

Pnmary
leaf
width
(cm)

Colour of 
pnmary 
leaf 
petiole

Nature of 
attachment 
of pnmary 
leaf

Habit

112 303 Vst3 V stipulaceae 8 1 2 1 5 0 90 0 73 1 1 1
113 305 Vt7 V trilobata 8 2 2 1 5 127 120 1 1 1
114 306 Vt8 V trilobata 8 2 2 2 5 1 53 133 1 1 1
115 307 Vh8 V hamiana 7 2 1 2 2 2 73 1 17 1 2 1
116 308 Vun3 Vigna unguiculata 3 1 1 4 1 3 80 2 47 1 1 1
117 310 Vmul V mungo var mungo 3 1 4 3 2 5 30 0 93 2 2 1
118 311 Vtbl3 V trinervia var bourneae 8 2 2 2 1 1 97 147 1 1 1
119 313 Vmu2 V mungo var mungo 3 1 4 2 2 4 43 1 67 2 2 1
120 314 Vh9 V hamiana 6 2 1 2 2 2 00 1 03 1 2 1
121 318 Vt9 V trilobata 8 2 2 2 5 140 1 17 1 1 1
122 319 VtlO V trilobata 8 2 2 2 5 1 13 107 1 1 1
123 ^ 320 V tll V trilobata 8 2 2 2 5 1 20 1 03 1 1 1
124 321 Vrsl2 Vradiata war sublobata 8 1 2 2 2 143 1 07 1 2 1
125 323 VhlO V hamiana 11 2 3 1 2 1 60 0 75 1 2 1
126 330 Vug2 Vumbellata var gracilis 11 2 4 2 4 r  57 1 30 3 1 1
127 331 Vug3 V umbellata war gracilis 11 2 4 9 4 1 17 0 97 3 1 1
128 334 Vug4 V umbellata var gracilis 11 2 4 2 4 1 47 100 3 1 1
129 342 Vtbl4 V trinervia var bourneae 11 2 4 3 1 2 00 1 53 3 1 1
130 345 Vtbl5 V trinervia var bourneae 6 2 4 2 1 2 40 1 90 2 1 1
131 348 Vtbl6 V trinervia var bourneae 6 2 4 2 1 1 97 147 2 1 1
132 350 Va V aconitifoha 3 2 1 1 3 3 30 1 00 1 1 1
133 384 Vtbl7 V trinervia var bourneae 8 2 4 2 1 1 90 1 73 2 1 1
134 385 Vtbl8 V trinervia var bourneae 11 2 4 2 1 1 45 1 10 2 1 1
135 387 Vdl7 V dalzelliana 13 2 4 2 4 143 1 17 3 1 1



24 25 26 27 28 29 30 31 j 2 33 34 35
SI No TCR

No
Code for 
taxa

No of 
lobes in 
terminal 
leaflet

Terminal
leaflet
length
(cm)

Terminal 
leaflet 
width (cm)

Shape of 
terminal 
leaflet tip

Shape of 
terminal 
leaflet lobe

Petiole
length
(cm)

Size of 
stipule

Shape of 
stipule

Presenc
eo f
ligule

Twining
tendency

No of
primary
branches

Branching 
pattern of 
primary 
branches

1 1 Vrsl 3 6 73 6 00 2 2 6 33 2 1 2 4 4 4
2 2 Vstl 3 4 40 4 07 5 4 4 27 1 1 2 4 3 4
3 3 Vrs2 3 6 50 5 60 2 2 10 50 2 1 2 4 4 4
4 5 Vrs3 3 6 00 5 53 2 2 6 50 2 1 2 4 4 4
5 7 Vrs4 3 6 33 5 90 2 2 7 77 2 1 2 4 4 4
6 8 Vtbl 3 9 83 8 33 4 3 10 83 2 2 2 4 3 4
7 9 Vdl 3 11 13 10 00 4 5 14 00 4 3 2 4 3 4

8 10 Vd2 3 8 10 6 10 4 5 14 67 4 3 2 4 3 4

9 11 Vrs5 3 6 33 6 03 2 2 6 50 2 1 2 4 4 4
10 12 Vd3 3 7 43 5 23 4 5 10 97 4 3 2 4 3 4

11 13 Vd4 3 7 90 5 73 4 5 10 83 4 3 2 4 3 4

12 18 Vugl 0 717 4 10 4 0 6 33 1 2 2 4 3 4
13 20 Vg 0 14 83 1147 4 0 26 33 3 1 2 1 6 4
14 24 Vhl 0 7 20 5 50 4 0 4 50 2 1 2 4 3 2
15 26 Vh2 0 12 00 2 60 4 0 5 00 2 1 2 4 3 2
16 29 Vh3 0 8 50 7 20 4 0 14 00 2 1 2 4 3 2
17 60 Vrl 3 9 43 6 67 2 4 9 67 2 1 2 1 2 3
18 61 Vr2 3 7 83 6 47 2 4 7 90 2 1 2 4 2 4
19 62 Vr3 3 10 17 9 07 2 4 12 43 2 1 2 1 3 4
20 66 Vrs6 0 6 50 5 97 2 0 6 67 2 1 2 4 4 4



1 2 3 4 5 6 7 8 9 10
SI No TCR

No
Code for 
taxa

Taxa Days
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nee

Type of 
seed
germinat
ion

Colour of 
hypocotyl

Vigour of 
seedling

Shape of
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leaf

Primary
leaf
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(cm)

Pnmary
leaf
width
(cm)

Colour of 
pnmary 
leaf 
petiole

Nature of 
attachment 
of pnmary 
leaf

Habit

136 388 Vdl8 V dalzelhana 11 2 4 2 4 1 15 0 95 3 1 1

137 390 Vms20 V mungo var sylvestris 8 1 1 2 2 2 40 1 15 1 2 1
138 392 Vms21 V mungo war sylvestris 8 1 1 2 2 2 50 157 1 2 1
139 393 Vms22 V mungo var sylvestris 14 1 1 2 2 2 05 0 80 1 2 1
140 397 Vrsl3 V radiata var sublobata 11 1 1 1 2 100 0 60 1 2 1
141 398 Vdl9 V dalzelhana 11 2 1 2 4 1 33 1 17 3 1 1

142 ~1 399 Vtbl9 V trinervia var bourneae 11 2 4 2 1 1 90 1 53 3 1 1
143 400 Vrsl4 V radiata van sublobata 10 1 1 1 2 1 87 1 03 1 2 1
144 401 Vd20 V dalzelhana 11 2 3 2 4 170 1 37 2 1 1

145 402 Vtl2 V trilobata 8 2 2 2 5 1 33 123 2 1 1
146 403 Vtl3 V trilobata 11 2 2 1 5 120 0 90 2 1 1
147 405 Vma V marina 11 2 1 2 2 2 70 1 60 1 1 1
148 407 Vd21 V dalzelhana 8 2 2 3 4 193 1 67 1 1 1

149 410 Vp V pilosa 8 2 1 2 6 3 15 2 65 1 1 1
150 161 A Vrsl5 V radiata var sublobata 7 1 2 2 2 2 13 1 17 2 2 1
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SI No TCR

No
Code for 
taxa

Growth
habit

Growth
pattern

Leafiness Pub esce 
nse of 
leaf

Colour
of
petiole

Colour of 
petiole at 
leaf blade 
joint

Colour
of
petiole 
at base

Pubesce 
nee of 
petiole

Colour
of
petiolul
e

Terminal
petiolule
length
(cm)

Promin 
ence of 
leaf 
vein

Pigmenta 
tion of 
leaf vein

Lobmg of
terminal
leaflet

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 Vrs2 4 2 3 2 3 3 1 2 2 2 00 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 1 00 1 0 2
6 8 Vtbl 4 2 3 2 3 3 1 2 2 2 00 1 0 2
7 9 Vdl 4 1 3 2 1 1 1 2 1 2 00 0 0 1
8 10 Vd2 4 1 3 2 1 1 1 2 1 2 00 0 0 1

9 11 Vrs5 1 4 2 3 2 3 3 1 2 1 00 1 0 2
10 12 Vd3 4 1 3 2 1 1 1 2 1 1 00 0 0 1

11 13 Vd4 4 1 3 2 1 1 1 2 1 2 00 0 0 1

12 18 Vugl 4 2 2 2 1 1 1 1 1 1 00 0 0 0
13 20 Vg 1 1 3 1 1 1 1 1 2 2 00 0 0 0
14 24 Vhl 4 2 1 4 2 3 1 3 2 1 00 1 1 0
15 26 Vh2 4 2 1 4 2 3 1 3 2 1 00 1 1 0
16 29 Vh3 4 2 1 4 2 3 1 3 2 2 00 1 1 0
17 60 Vrl 1 1 1 2 4 3 1 3 3 2 00 1 1 3
18 61 Vr2 4 1 1 2 3 3 1 3 2 2 00 1 1 3
19 62 Vr3 1 1 2 2 3 3 1 3 3 3 00 1 1 3
0 66 Vrs6 4 2 2 2 3 3 3 3 3 1 00 1 1 0



11 12 13 14 15 16 17 18 19 20 21 22 23
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No
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taxa

Growth
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Growth
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nse of 
leaf

Colour
of
petiole

Colour of 
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leaf blade 
joint

Colour
of
petiole 
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petiole

Colour
of
petiolul
e

Terminal
petiolule
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(cm)

Promin 
ence of 
leaf 
vein

Pigmenta 
tion of 
leaf vein

Lobmg of
terminal
leaflet

21 67 Vsel 4 2 2 2 3 3 3 3 3 2 00 1 1 0
22 68 Vse2 4 2 2 2 3 3 3 3 3 1 00 1 1 0
23 69 Vse3 4 2 2 2 3 3 3 3 3 2 00 1 1 0
24 70 Vr4 1 1 1 2 3 3 1 3 2 2 00 1 1 3
25 71 Vse4 2 2 2 2 2 3 1 3 2 2 00 1 1 0
26 72 Vr5 1 1 1 4 4 3 3 2 2 00 1 1 0
27 74 Vr6 1 1 1 4 4 1 3 2 2 00 1 1 0
28 83 Vtl 4 2 2 1 1 1 1 1 1 1 00 0 0 3
29 84 Vt2 4 2 2 1 1 1 1 1 1 1 00 0 0 3
30 86 Vt3 4 2 2 1 1 1 1 1 1 1 00 0 0 3
31 87 Vul 4 2 "i 3 4 1 1 1 2 1 2 00 1 0 2
32 88 Vu2 4 2 3 4 1 1 1 2 1 2 00 1 0 2
33 89 Vu3 4 2 3 4 1 1 1 2 1 3 00 1 0 2
34 90 Vu4 4 2 3 4 1 1 1 2 1 3 00 1 0 2
35 91 Vu5 4 2 3 4 1 1 1 2 1 2 00 1 0 2
36 92 Vu6 4 2 3 4 1 1 1 2 1 2 00 1 0 2
37 93 Vu7 4 2 3 4 1 1 1 2 1 3 00 1 0 2
38 94 Vu8 4 2 3 4 1 1 1 2 1 2 00 1 0 2
39 95 Vu9 4 2 3 4 1 1 1 2 1 3 00 1 0 2
40 106 Vd5 4 1 3 2 1 1 1 2 1 1 00 0 0 1

41 121 Vtb2 4 2 3 2 3 3 1 2 2 2 00 1 0 2
42 126 Vd6 4 1 3 2 1 1 1 2 1 1 00 0 0 1

43 141 Vse5 4 2 3 2 3 3 1 2 2 1 00 1 0 0
dd 4? Vtb3 4 2 3 2 3 3 1 2 2 2 00 1 0 2
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tion of 
leaf vein
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leaflet

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 1 00 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 1 00 1 0 0
49 156 Vtb4 4 2 3 2 3 3 1 2 2 2 00 1 0 2
50 157 Vms2 4 2 3 5 2 3 3 3 2 2 00 1 0 0
51 158 Vms3 4 2 3 5 2 3 3 3 2 2 00 1 0 0
52 160 Vms4 4 2 3 5 2 3 3 3 2 2 00 1 0 0
53 161 Vvl 4 2 2 1 1 1 1 1 3 1 00 0 0 0
54 162 Vv2 4 2 2 1 1 1 1 1 3 1 00 0 0 0
55 163 VdlO 4 2 3 2 1 1 1 2 1 1 00 0 0 1

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 1 70 1 0 2
58 169 Vv3 4 2 2 1 1 1 1 1 3 1 00 0 0
59 171 Vms5 4 2 3 5 2 3 3 3 2 1 00 1 0 0
ro 174 Vtb6 4 2 3 2 3 3 1 2 2 1 00 1 0 2
61 176 Vtb7 4 1 3 2 1 1 1 2 1 2 00 0 0
62 188 Vr7 4 2 3 2 3 3 1 2 2 1 00 1 0 0
03 189 Vtb8 4 2 3 2 3 3 1 2 2 2 00 1 0 2
64 192 Vt4 4 2 2 1 1 1 1 1 1 1 00 0 0 3
65 195 Vtb9 4 2 3 2 3 3 1 2 2 1 00 1 0 2
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Colour
of
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Colour of 
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leaf blade 
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e

Terminal
petiolule
length
(cm)
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Pigmenta 
tion of 
leaf vem

Lobmg of
terminal
leaflet

66 199 V dll 4 1 3 2 1 1 1 2 1 2 00 0 0 1

67 204 VulO 4 2 3 4 1 1 1 2 1 3 00 1 0 2
68 206 VtblO 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 2 00 0 0 0
71 214 Vdl2 4 1 3 2 1 1 1 2 1 1 00 0 0 1

72 215 Vst2 4 2 3 4 1 1 1 1 3 2 1 00 1 0 3
73 217 Vv4 4 2 2 1 1 1 1 1 3 1 00 0 0 0
74 230 Vms 6 4 2 3 5 2 3 3 3 2 1 00 1 0 0
75 233 Vdl3 4 2 3 2 1 1 1 2 1 1 00 1 0 0

76 234 Vdl4 4 2 3 2 1 1 1 1 2 1 1 00 1 0 0

77 238 Vsbl 4 2 2 2 3 3 3 3 3 1 00 1 1 0
78 240 Vsb2 4 2 2 2 3 3 3 3 3 2 00 1 1 0
1) 241 Vsb3 4 2 2 2 3 3 3 3 3 100 1 1 0
80 243 Vt5 4 2 3 1 1 1 1 1 1 1 00 0 4
81 244 Vh5 4 2 1 4 2 3 1 3 2 1 00 1 1 0
82 247 Vh6 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 2 00 1 1 0
84 254 Vms7 4 2 3 5 2 3 3 3 2 1 00 1 0 0
85 256 Vms8 4 2 3 5 2 3 3 2 2 1 00 1 0 0
86 258 Vdl5 4 2 3 2 1 1 1 2 1 1 00 0 0 1
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Pigmenta 
tion of 
leaf vein

Lobmg of
terminal
leaflet

87 259 Vms9 4 2 3 5 2 3 3 3 2 100 1 0 0
88 260 VmslO 4 2 3 5 2 3 3 3 2 1 00 1 0 0
89 262 V m sll 4 2 3 5 2 3 3 3 2 1 00 1 0 0
90 265 Vmsl2 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 2 00 1 0 0
93 268 V 4 2 3 1 3 3 4 1 2 1 00 1 0 0
94 270 Vmsl5 4 2 3 5 2 3 3 2 2 1 00 1 0 0
95 271 Vmsl6 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 2 00 1 0 0
97 273 Vse6 4 2 2 1 2 3 3 3 3 3 1 00 1 1 0
98 974 Vdl6 4 2 1 4 2 3 1 3 2 1 00 1 1 0

99 275 Vmsl8 4 2 3 5 2 3 3 3 2 1 00 1 0 0
100 276 Vmsl9 4 2 3 5 2 3 3 3 2 1 00 1 0 0
101 277 V tbll 4 2 3 2 3 3 1 2 2 2 00 1 0 2
102 278 Vrs7 4 2 3 2 3 3 1 2 2 2 00 1 0 2
103 279 Vrs8 4 2 3 2 3 3 1 2 2 1 00 1 0 2
104 284 Vun2 4 2 3 1 1 3 1 1 1 3 00 0 0
105 290 Vtbl2 4 2 3 2 3 3 1 2 2 1 00 1 0 2
106 295 Vt6 4 2 3 1 1 1 1 1 1 1 00 0 4
107 297 Vrs9 4 2 3 2 3 3 1 2 2 1 00 1 0 0
108 298 V ull 4 2 3 4 1 1 1 2 1 2 00 1 0 2
109 300 VrslO 4 2 3 2 3 3 1 2 2 1 00 1 0 0
110 301 V rsll 4 2 3 2 3 3 1 2 2 2 00 1 0 0

m t-t 4 1 3 4 2 3 1 4 2 100 0 0 2
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Growth
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Growth
pattern
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nse of 
leaf

Colour
of
petiole

Colour of 
petiole at 
leaf blade 
joint

Colour
of
petiole 
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petiole

Colour
of
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e

Terminal
petiolule
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(cm)

Promin 
ence of 
leaf 
vein

Pigmenta 
tion of 
leaf vein

Lobing of
terminal
leaflet

112 303 Vst3 4 2 2 1 1 1 1 1 1 1 00 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 1 00 0 0 3
115 307 Vh8 4 2 2 5 3 2 1 4 2 1 00 1 1 0
116 308 Vun3 4 2 3 1 1 3 1 1 1 3 00 0 0 0
117 310 Vmul 1 1 1 4 3 2 1 3 2 2 00 0 0 0
118 311 Vtbl3 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 2 00 0 0 0
120 314 Vh9 4 2 2 5 3 2 1 4 2 1 00 1 1 0
121 318 Vt9 4 2 2 1 1 1 1 1 1 100 0 0 3
122 319 VtlO 4 2 2 1 1 1 1 1 1 1 00 0 0 3
P 3 320 V tll 4 2 2 1 1 1 1 1 1 1 00 0 0 3
124 321 Vrsl2 4 2 3 2 3 3 1 2 2 2 00 1 0 2
125 323 VhlO 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 1 00 0 0 0
127 331 Vug3 4 2 2 2 1 1 1 1 1 1 00 0 0 0
128 334 Vug4 4 2 2 2 1 1 1 1 1 1 00 0 0 0
129 342 Vtbl4 4 2 3 2 3 3 1 2 2 2 00 1 0 2
130 345 Vtbl5 4 2 3 2 3 3 1 2 2 1 00 1 0 2
131 348 Vtbl6 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 1 00 0 0 5
133 384 Vtbl7 4 2 3 2 3 3 1 2 2 2 00 1 0 2
134 ^85 Vtbl8 4 2 3 2 3 3 1 2 2 1 00 1 0 2
135 387 Vdl7 4 1 3 2 1 1 1 2 1 2 00 0 0 1
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Colour
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e
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petiolule
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(cm)

Promin 
ence of 
leaf 
vein

Pigmenta 
tion of 
leaf vein

Lobmg of
terminal
leaflet

136 388 Vdl8 4 2 3 2 1 1 1 2 1 2 00 0 0 1

137 390 Vms20 4 2 3 5 2 3 3 3 2 1 00 1 0 0
138 392 Vms21 4 2 3 5 2 3 3 3 2 1 00 1 0 0
139 393 Vms22 4 2 3 5 2 3 3 3 2 100 1 0 0
140 397 Vrsl3 4 2 3 2 3 3 1 2 2 1 00 1 0 0
141 398 Vdl9 4 1 3 2 1 1 1 2 1 1 00 0 0 1

142 399 Vtbl9 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 1 00 1 0 0
144 401 Vd20 4 2 3 2 1 1 1 2 1 1 00 0 0 1

14*5 402 Vtl2 2 2 1 1 1 1 1 1 1 1 00 0 0 3
146 403 Vtl3 4 2 2 1 1 1 1 1 1 1 00 0 0 3
147 405 Vma 4 2 3 1 1 1 1 1 1 2 00 1 0 0
148 407 Vd21 4 1 3 2 1 1 1 2 1 1 00 0 0 0

149 410 Vp 4 2 2 4 1 1 1 3 1 1 00 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 TCR Code for No of Terminal Terminal Shape of Shape of Petiole Size of Shape of Presenc Twining No of Branching

No taxa lobes m 
terminal 
leaflet

leaflet
length
(cm)

leaflet 
width (cm)

terminal 
leaflet tip

terminal 
leaflet lobe

length
(cm)

stipule stipule e of 
ligule

tendency primary
branches

pattern of
primary
branches

21 67 Vsel 0 7 83 7 76 2 0 8 07 2 1 2 4 4 4
22 68 Vse2 0 8 93 7 57 2 0 7 67 2 1 2 4 4 4
23 69 Vse3 0 10 17 9 70 2 0 10 00 2 1 2 4 4 4
24 70 Vr4 3 12 30 9 20 2 6 11 00 2 1 2 1 3 4
25 71 Vse4 0 8 70 7 77 3 0 7 47 2 1 2 2 3 4
2( 72 Vr5 0 10 30 8 23 2 0 1177 2 1 2 1 3 4
nl 74 Vr 6 0 11 20 8 83 2 0 9 10 2 1 2 1 3 4
21! 83 Vtl 3 3 90 4 07 1 4 5 73 3 1 2 4 3 4
29 84 Vt2 3 4 80 4 50 1 4 9 00 3 1 2 4 3 4
30 86 Vt3 3 4 10 3 70 1 4 5 37 3 1 2 4 3 4
31 87 Vul 3 11 50 6 33 4 1 12 67 4 2 2 4 2 4
32 88 Vu2 3 13 30 7 83 4 1 17 00 4 2 2 4 2 4
33 89 Vu3 3 13 67 9 83 4 1 17 00 4 2 2 4 2 4
34 90 Vu4 3 13 50 9 50 4 1 13 67 4 2 2 4 2 4
35 91 Vu5 3 12 33 6 97 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 21 67 4 2 2 4 2 4
38 94 Vu8 3 11 17 6 67 4 1 13 67 4 2 2 4 2 4
39 95 Vu9 3 12 40 9 23 4 1 17 33 4 2 2 4 2 4
40 106 Vd5 3 7 83 610 4 5 11 67 4 3 2 4 3 4

41 121 Vtb2 3 10 30 7 93 4 3 13 83 2 2 2 4 3 4
42 126 Vd6 3 8 73 6 97 4 5 15 67 4 3 2 4 3 4

43 141 Vse5 0 6 37 5 60 2 0 6 20 2 1 2 4 4 4
A A 1 Al \ th 3 8 17 6 90 4 3 7 90 2 2 2 4 3 4



?4 25 26 27 28 29 30 31 32 33 34 35
SI No TCR Code for No of Terminal Terminal Shape of Shape of Petiole Size of Shape of Presenc Twining No of Branching

No taxa lobes in 
terminal 
leaflet

leaflet
length
(cm)

leaflet 
width (cm)

terminal 
leaflet tip

terminal 
leaflet lobe

length
(cm)

stipule stipule e of 
ligule

tendency primary
branches

pattern of
pnmary
branches

45 143 Vd7 3 6 20 4 47 4 5 5 33 4 3 2 4 3 4

4( 144 Vd8 3 6 20 4 33 4 5 5 77 4 3 2 4 3 4

47 147 Vd9 3 6 83 4 67 4 5 5 83 4 3 2 4 5 4

48 155 Vmsl 0 8 33 6 07 4 0 7 43 2 3 2 4 3 1
49 156 Vtb4 3 9 13 7 60 4 3 9 70 2 2 2 4 3 4
50 157 Vms2 0 9 67 6 80 4 0 9 67 2 3 2 4 2 1
51 158 Vms3 0 8 97 6 36 4 0 8 83 2 3 2 4 2 1
52 160 Vms4 0 9 37 6 67 4 0 11 00 2 3 2 4 2 1
53 161 Vvl 0 7 50 4 87 4 0 6 17 4 2 0 4 3 4
54 162 Vv2 0 7 43 5 00 4 0 7 00 4 2 0 4 3 4
55 163 VdlO 3 7 57 4 60 4 5 8 33 4 3 2 4 5 4

56 164 Vtb5 3 917 7 33 4 3 7 67 2 2 2 4 3 4
57 165 Vk 0 13 43 12 67 4 0 4 1 1 1 1 0
58 169 Vv3 0 6 67 3 67 4 0 4 33 4 2 0 4 3 4
59 171 Vms5 0 7 90 6 50 4 0 10 50 2 3 2 4 2 1
60 174 Vtb6 3 6 97 5 60 4 3 8 30 2 2 2 4 3 4
61 176 Vtb7 0 10 67 9 47 4 0 11 17 4 2 1 4 3 4
62 188 Vr7 0 6 97 5 33 2 0 8 17 2 1 2 4 4 4
63 189 Vtb8 3 7 70 6 67 4 3 9 17 2 2 2 4 3 4
64 192 Vt4 3 4 50 4 97 1 4 12 10 3 1 2 4 3 4
64 19^ Vtb9 3 8 07 6 90 4 3 9 77 2 2 2 4 3 4



36 37 38 39 40 41 42 43 44 45 46 47 48
SI No TCR Code for Colour Pub esc Colour of Days Position Colour of Colour Colour Size of Size of Shape of No of Keel

No taxa of stem ence of 
stem

stem hair to
flowen
ng

of raceme flower of
calyx

of corolla flower 
bud (1 x
b)

bracteole bracteole flowers/r
aceme

pocket
length
(mm)

87 259 Vms9 3 3 2 43 3 4 2 1 2 08 3 2 6 0 60
88 260 VmslO 3 3 2 44 3 4 2 1 2 24 3 2 6 0 50
89 262 V m sll 3 3 2 44 3 4 2 1 1 54 3 2 6 0 60
90 265 V m sP 3 3 2 48 3 4 2 1 2 10 3 2 6 0 50
91 266 Vmsl3 3 3 2 42 3 4 2 1 1 82 3 2 6 0 50
92 267 Vmsl4 3 3 2 48 3 4 2 1 1 80 3 2 6 0 60
93 268 V 1 1 0 55 3 3 2 1 1 65 2 1 8 0 30
94 270 Vmsl5 3 2 2 48 1 4 2 1 221 3 2 6 0 50
95 271 Vmsl6 3 3 2 49 3 4 2 1 1 65 3 2 6 0 60
96 272 Vmsl7 3 3 2 48 3 4 2 1 1 82 3 2 6 0 50
97 273 Vse6 2 2 1 62 1 2 2 1 1 20 3 1 9 0 25
98 ?74 Vdl6 2 2 2 74 1 3 1 1 0 90 1 2 3 0 30

99 275 Vmsl8 3 3 2 49 3 4 2 1 1 43 3 2 6 0 60
100 ?76 V m sP 3 3 2 48 3 4 2 1 2 04 3 2 6 0 50
101 277 V tbll 3 3 1 131 3 4 1 1 3 40 3 1 4 0 50
102 278 Vrs7 2 3 1 58 1 3 2 3 1 80 2 1 7 0 50
103 279 Vrs8 2 3 1 51 3 3 2 3 143 2 1 7 0 50
104 284 Vun2 2 2 2 48 3 5 1 5 5 52 0 0 4 0 00
105 290 Vtbl2 3 3 1 60 3 4 1 1 1 65 3 1 4 0 20
106 295 Vt6 2 1 0 48 3 4 2 1 0 70 2 2 4 0 10
107 297 Vrs9 2 3 1 67 3 3 2 3 1 95 2 1 7 0 20
108 298 Vul 1 2 3 2 87 3 4 1 1 3 57 1 2 8 0 40
109 300 VrslO 2 3 1 61 3 3 2 3 2 08 2 1 7 0 30
110 301 V rsll 2 3 1 53 3 3 2 3 1 56 2 1 4 0 30

11 309 Vtt 2 4 1 149 3 4 1 1 3 40 3 1 4 0 25
X X V z



24 25 26 27 28 29 30 31 32 33 34 35
SI No r c R Code for No of Terminal Terminal Shape of Shape of Petiole Size of Shape of Presenc Twining No of Branching

Mo taxa lobes in 
terminal 
leaflet

leaflet
length
(cm)

leaflet 
width (cm)

terminal 
leaflet tip

terminal 
leaflet lobe

length
(cm)

stipule stipule e of 
ligule

tendency primary
branches

pattern of
primary
branches

6( 199 V dll 3 8 00 6 43 4 5 12 17 4 3 2 4 3 4

67 204 VulO 3 13 17 8 57 4 1 23 67 4 2 2 4 2 4
68 206 VtblO 3 7 83 5 23 4 3 7 17 2 2 2 4 3 4
69 207 Vh4 0 6 90 5 70 4 0 5 50 2 1 2 4 3 2
70 208 Vunl 0 13 47 9 33 2 2 12 17 2 2 2 4 3 4
71 214 Vdl2 3 6 63 5 20 4 5 13 17 4 3 2 4 3 4

72 215 Vst2 3 3 63 4 10 5 4 5 53 1 1 2 4 5 4
73 217 Vv4 0 7 20 3 67 4 0 7 50 4 2 0 4 3 4
74 230 Vms6 0 10 13 6 80 4 0 6 83 2 3 2 4 2 1
75 233 Vdl3 0 4 67 3 60 4 1 0 6 33 4 3 2 4 4 4

76 234 Vdl4 0 6 97 4 93 4 0 5 90 4 3 2 4 4 4

77 238 Vsbl 0 7 57 7 03 2 0 5 67 2 1 2 4 4 4
78 240 Vsb2 0 8 37 6 57 2 0 6 93 2 1 2 4 4 4
79 241 Vsb3 0 8 00 8 50 2 0 5 90 2 1 2 4 4 4
80 243 Vt5 3 3 87 3 30 5 4 5 33 3 1 2 4 5 4
81 244 Vh5 0 10 17 7 33 4 0 8 00 2 1 2 4 3 2
82 247 Vh6 0 8 50 6 73 4 0 5 67 2 1 2 4 3 4
83 249 \h 7 0 7 83 6 77 4 0 6 67 2 1 2 4 3 2
84 254 \m s7 0 10 63 7 13 4 0 11 33 2 3 2 4 2 1
85 256 A ms8 0 8 27 5 93 4 0 7 93 2 3 2 4 2 1
86 258 \d l5 3 5 70 4 40 4 5 5 07 4 3 2 4 5 4

1



24 25 26 27 28 29 30 31 32 33 34 35
SI No TCR Code for No of Terminal Terminal Shape of Shape of Petiole Size of Shape of Presenc Twining No of Branching

No taxa lobes in 
terminal 
leaflet

leaflet
length
(cm)

leaflet 
width (cm)

terminal 
leaflet tip

terminal 
leaflet lobe

length
(cm)

stipule stipule e of 
ligule

tendency primary
branches

pattern of
primary
branches

87 259 Vms9 0 8 33 5 53 4 0 8 00 2 j 2 4 2 1
88 260 VmslO 0 9 00 4 17 4 0 917 2 3 2 4 2 1
89 262 V m sll 0 9 00 4 53 4 0 9 50 2 3 2 4 2 1
90 265 Vmsl2 0 8 23 5 57 4 0 6 50 2 3 2 4 3 1
91 266 Vmsl3 0 8 23 6 27 4 0 6 5 7 2 3 2 4 3 1
92 267 Vmsl4 0 8 67 6 67 4 0 7 43 2 3 2 4 3 1
93 268 V 0 8 67 2 80 4 0 6 60 2 1 2 4 4
94 270 Vmsl5 0 7 67 5 43 4 0 10 33 2 3 2 4 2 1
95 271 Vmsl6 0 9 53 6 53 4 0 9 50 2 3 2 4 2 1
96 272 Vmsl7 0 8 23 6 27 4 0 7 40 2 3 2 4 3 1
97 273 Vse6 0 7 77 7 20 2 0 6 67 3 1 2 4 4 4
98 274 Vdl6 0 7 37 5 80 4 0 7 00 4 3 2 4 5 2

99 275 Vmsl8 0 7 70 6 50 4 0 9 43 2 3 2 4 3 1
100 276 Vmsl9 0 7 83 6 73 4 0 8 17 2 3 2 4 3 1
101 277 V tbll 3 10 50 9 47 4 3 13 50 2 2 2 4 3 4
102 278 Vrs7 3 5 57 5 27 2 2 7 00 2 1 2 4 4 4
103 279 Vrs8 3 5 46 5 27 2 2 5 97 2 1 2 4 4 4
104 284 Vun2 0 11 20 7 00 2 2 13 00 2 2 2 4 3 4
105 290 Vtbl2 3 7 70 5 53 4 3 11 33 2 2 2 4 3 4
106 295 Vt6 3 3 30 3 03 5 4 6 83 3 1 2 4 5 4
107 297 Vrs9 0 5 67 5 43 2 0 6 67 2 1 2 4 4 4
108 298 V ull 3 13 67 9 83 4 1 17 00 4 2 2 4 2 4
109 300 VrslO 0 6 57 7 0j 2 0 8 17 2 1 2 4 4 4
110 301 Vrsl 1 0 6 50 6 1j 2 0 13 67 2 1 2 4 4 4

TO? V t 3 9 40 7 90 4 5 13 33 0 2 2 4 3 4



24 25 26 27 28 29 30 31 32 33 34 35
1 No TCR Code for No of Terminal Terminal Shape of Shape of Petiole Size of Shape of Presenc Twining No of Branching

No taxa lobes m 
terminal 
leaflet

leaflet
length
(cm)

leaflet 
width (cm)

terminal 
leaflet tip

terminal 
leaflet lobe

length
(cm)

stipule stipule e of 
ligule

tendency pnmary
branches

pattern of
pnmary
branches

12 303 Vst3 3 2 10 1 93 1 4 3 73 1 1 2 3 3 4
113 305 Vt7 3 3 47 3 20 1 4 640 3 1 2 3 3 4
114 306 Vt8 3 4 57 4 20 1 4 6 47 3 1 2 3 3 4
115 307 Vh8 0 7 50 6 25 4 0 7 75 2 1 2 4 3 4
116 308 Vun3 0 10 97 9 10 2 2 15 33 2 2 2 4 3 4
117 310 Vmul 0 9 97 8 20 2 0 12 00 2 3 2 4 2 4
118 311 Vtbl3 3 10 20 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 5 03 4 1 5 83 2 1 2 4 3 4
121 318 Vt9 3 4 77 4 90 1 4 9 93 3 1 2 3 3 4
122 319 1VtlO 3 3 83 3 60 1 4 5 93 3 1 2 3 3 4
123 320 V tll 3 4 47 4 07 1 4 7 10 3 1 2 3 3 4
124 321 Vrsl2 3 6 43 6 47 2 2 8 30 2 1 2 3 3 4
125 323 VhlO 0 8 50 6 50 4 0 5 00 2 1 2 4 4 4
126 330 Vug2 0 6 00 3 63 4 0 3 50 1 2 2 4 3 4
127 331 Vug3 0 5 90 4 03 4 0 4 17 1 2 2 4 3 4
128 334 Vug4 0 6 00 4 10 4 0 3 73 1 2 2 4 3 4
129 342 Vtbl4 3 8 83 7 83 4 3 12 33 2 2 2 4 3 4
130 345 Vtbl5 3 8 50 7 10 4 3 5 50 2 2 2 4 3 4
131 348 Vtbl6 3 7 63 5 07 4 3 5 57 2 2 2 4 3 4
132 350 Va 5 5 70 5 53 4 1 6 87 4 3 2 3 4 4
133 384 Vtbl7 3 10 00 8 50 4 3 13 17 2 2 2 4 3 4
134 385 Vtbl8 3 7 53 6 70 4 3 9 80 2 2 2 4 3 4
135 387 Vdl7 3 6 10 3 93 4 5 9 33 4 3 2 4 3 4



24 25 26 27 28 29 30 31 32 33 34 35
SI No TCR Code for No of Terminal Terminal Shape of Shape of Petiole Size of Shape of Presenc Twining No of Branching

No taxa lobes m 
terminal 
leaflet

leaflet
length
(cm)

leaflet 
width (cm)

terminal 
leaflet tip

terminal 
leaflet lobe

length
(cm)

stipule stipule e of 
ligule

tendency primary
branches

pattern of
primary
branches

136 388 Vdl8 3 8 47 6 20 4 5 7 17 4 3 2 4 5 4

137 390 Vms20 0 6 87 5 50 4 0 8 00 2 3 2 4 3 1
138 392 Vms21 0 7 37 5 33 4 0 12 00 2 3 2 4 3 1
139 393 Vms22 0 7 13 5 43 4 0 1143 2 3 2 4 3 1
140 397 Vrsl3 0 6 50 5 90 2 0 6 30 2 1 2 4 4 4
141 398 Vdl9 3 4 37 3 87 4 5 9 17 4 3 2 4 3 4

142 399 Vtbl9 3 9 57 8 37 4 3 9 83 4 2 2 4 3 4
143 400 Vrsl4 0 6 07 5 50 2 0 6 00 2 1 2 4 4 4
144 401 Vd20 3 5 90 5 37 4 5 8 50 4 3 2 4 5 4

145 402 Vtl2 3 5 10 5 17 3 4 8 83 3 1 2 2 3 4
146 403 Vtl3 3 3 90 3 23 1 4 10 67 3 1 2 3 3 4
147 405 Vma 0 7 57 6 20 1 0 6 63 4 3 0 4 3 4
148 407 Vd21 0 7 70 5 97 4 0 9 83 4 3 1 4 3 4

149 410 Vp 0 8 47 5 30 4 0 6 43 1 3 0 4 3 4
150 161 A Vrsl5 0 10 17 9 57 2 0 16 67 3 1 2 4 4 4



36 37 38 39 40 41 42 43 44 45 46 47 48
SI No TCR

No
Code for 
taxa

Colour 
of stem

Pubesc 
ence of 
stem

Colour of 
stem ha r

Days
to
flowen
ng

Position 
of raceme

Colour of 
flower

Colour
of
calyx

Colour 
of corolla

Size of 
flower 
bud (1 x 
b)

Size of 
bracteole

Shape of 
bracteole

No of
flowers/r
aceme

Keel
pocket
length
(mm)

1 1 Vrsl 2 3 1 61 1 2 2 3 1 65 2 1 7 0 25
2 2 Vstl 2 3 1 85 1 4 1 1 0 63 nz 1 3 0 30
3 3 Vrs2 2 3 1 56 1 2 2 3 1 54 2 1 7 0 10
4 5 Vrs3 2 3 1 56 1 2 2 3 1 80 2 1 7 0 20
5 7 Vrs4 2 3 1 55 1 2 2 3 1 54 2 1 7 0 25
6 8 Vtbl 3 3 1 139 3 4 1 1 2 08 3 1 4 0 30
7 9 Vdl 2 2 2 131 3 4 1 1 0 90 1 2 6 0 25

8 10 Vd2 2 2 2 121 3 4 1 1 0 54 1 2 6 0 25
9 11 Vrs5 2 3 1 61 1 2 2 3 1 32 2 1 7 0 30
10 1*5 Vdj 2 2 2 119 3 4 1 1 0 90 1 2 6 0 25
11 13 Vd4 2 2 2 131 3 4 1 1 1 32 1 2 6 0 30
12 18 Vugl 2 1 2 69 3 3 2 1 1 80 1 1 4 0 25
13 20 Vg 3 1 0 83 2 4 1 1 2 50 1 1 8 0 25
14 24 Vhl 2 2 1 48 1 3 1 1 0 54 1 2 3 0 25
15 26 Vh2 2 2 1 75 1 3 1 1 0 45 1 2 3 0 30
16 29 VI 3 2 2 1 55 1 3 1 1 0 40 1 2 3 0 30
17 60 Vrl 3 3 1 33 1 2 1 2 1 30 2 1 9 0 25
18 61 Vr2 3 3 1 33 2 2 1 2 1 10 2 1 5 0 30
19 62 Vr3 3 3 1 37 2 2 1 2 1 68 2 1 9 0 30
20 66 Vrs6 2 2 1 39 1 3 1 1 2 40 2 1 9 0 30

y y / i



36 37 38 39 40 41 42 43 44 45 46 47 48
1̂ No TCR

No
Code for 
taxa

Colour 
of stem

Pubesc 
ence of 
stem

Colour of 
stem ha r

Days
to
flowen
ng

Posit on 
of raceme

Colour of 
flower

Colour
of
calyx

Colour 
of corolla

Size of 
flower 
bud (1 x 
b)

Size of 
bracteole

Shape of 
bracteole

No of
flowers/r
aceme

Keel
pocket
length
(mm)

21 67 Vsel 2 2 1 49 1 2 2 1 2 55 3 1 9 0 25
22 68 Vse2 2 2 1 51 1 2 2 1 1 30 3 1 9 0 25
23 69 Vse3 2 2 1 48 1 2 2 1 1 68 3 1 9 0 40
24 70 Vr4 1 3 1 33 2 2 2 2 1 82 2 1 5 0 40
25 71 Vse4 3 3 1 37 1 2 2 2 1 54 3 1 6 0 10
26 72 Vr5 3 3 1 39 2 2 2 2 2 72 2 1 10 0 10
27 74 Vr6 2 3 1 39 2 2 2 2 1 43 2 1 10 1 00
28 83 Vtl 1 1 0 51 3 3 2 1 0 54 2 2 5 1 00
29 84 Vt2 1 1 0 67 3 3 2 1 0 70 2 2 5 1 00
30 86 Vt3 1 1 0 55 3 3 2 I 0 70 2 2 5 1 00
31 87 Vul 2 3 2 63 3 4 1 1 1 95 1 2 8 0 40
32 88 Vu2 2 3 2 49 3 4 1 1 2 72 1 2 8 0 50
33 89 Vu3 2 3 2 66 3 4 1 1 2 88 1 2 8 0 40
34 90 Vu4 2 3 2 70 3 4 1 1 2 47 1 2 8 0 40
35 91 Vu5 2 3 2 84 3 4 1 1 3 80 1 2 8 0 50
36 92 Vu6 2 3 2 51 3 4 1 1 2 72 1 2 8 0 50
37 93 Vu7 2 3 2 72 3 4 1 1 3 00 1 2 8 0 50
38 94 Vu8 2 3 2 45 3 4 1 1 2 55 1 2 8 0 40
39 95 Vu9 2 2 2 85 3 4 1 1 2 85 1 2 8 0 50
40 106 Vd5 2 2 2 148 3 4 1 1 1 32 1 2 5 0 25
41 121 Vtb2 3 3 1 131 3 4 1 1 3 06 3 1 4 0 30
42 126 Vd6 2 2 2 148 3 4 1 1 1 32 1 2 5 0 30

43 141 Vse5 2 3 1 51 1 4 2 4 1 76 3 1 7 0 30
44 142 Vtb3 3 3 1 83 3 4 1 1 3 00 3 1 4 0 25

X X i z z



36 37 38 39 40 41 42 43 44 45 46 47 48
SI No TCR

No
Code for 
taxa

Colour 
of stem

Pubesc 
ence of 
stem

Colour of 
sten hair

Days
to
flowen
ng

Pos tion 
of raceme

Colour of 
flower

Colour
of
calyx

Colour 
of corolla

Size of 
flower 
bud (1 x
b)

Size of 
bracteole

Shape of 
bracteole

No of
flowers/r
aceme

Keel
pocket
length
(mm)

45 143 Vd7 2 2 2 126 3 3 1 1 0 63 1 2 5 0 25

46 144 Vd8 2 2 2 114 3 3 1 1 1 32 1 2 5 0 25

47 147 Vd9 2 2 2 79 3 3 1 1 0 90 1 2 5 0 30

48 155 Vmsl 3 3 2 55 3 4 2 1 1 54 3 2 6 0 50
49 156 Vtb4 3 3 1 75 3 4 1 1 3 04 3 1 4 0 30
50 157 Vms2 3 3 2 60 3 4 2 1 1 95 3 2 6 0 50
51 158 Vms3 ”1 3 3 2 76 3 4 2 1 1 50 3 2 6 0 60
52 160 Vms4 3 3 2 67 3 4 2 1 1 40 3 2 6 0 50
53 161 Vvl 4 1 2 67 3 5 1 11 55 1 2 4 0 30
54 162 Vv2 4 1 2 68 3 5 1 6 60 1 2 4 0 25
55 163 VdlO 2 2 2 84 3 3 1 1 1 43 1 2 5 0 20

56 164 Vtb5 3 3 1 82 3 4 1 1 1 50 3 1 4 0 10
57 165 Vk 1 2 1 155 2 1 1 1 1 82 3 1 15 0 20
58 169 Vv3 4 1 2 75 3 5 1 11 55 1 2 6 0 10
59 171 Vms5 3 3 2 61 3 4 2 1 1 50 3 2 6 0 50
60 174 Vtb6 3 3 1 127 3 4 1 1 2 47 3 1 4 0 20
61 176 Vtb7 3 3 1 130 3 4 3 1 1 54 3 1 4 0 50
62 188 Vr7 2 3 1 63 1 3 2 1 40 2 1 7 0 50
63 189 Vtb8 3 3 1 85 3 4 3 1 2 66 3 1 4 0 50
64 192 Vt4 1 1 0 53 3 3 2 1 0 63 2 2 5 0 50
65 195 Vtb9 3 3 1 131 3 4 1 1 2 94 3 1 4 0 50



36 37 38 39 40 41 42 43 44 45 46 47 48
SI No TCR Code for Colour Pubesc Colour of Days Posit on Colour of Colour Colour S ze of Size of Shape of No of Keel

No taxa of stem ence of 
stem

stem hair to
flowen
ng

of raceme flower of
calyx

of corolla flower 
bud (1 x
b)

bracteole bracteole flowers/r
aceme

pocket
length
(mm)

66 199 V dll 2 2 2 142 3 3 1 1 1 20 1 2 5 0 50

67 204 VulO 2 2 2 85 3 4 1 1 2 85 1 2 8 0 40
68 206 VtblO 3 3 1 110 3 4 1 1 1 80 3 1 4 0 35
69 207 Vh4 2 ? 1 48 1 3 1 1 0 42 1 2 3 0 50
70 208 Vunl 2 2 2 51 3 5 1 5 5 52 0 0 4 0 00
71 214 Vdl2 2 2 2 114 3 3 1 1 1 20 1 2 5 0 50

72 215 Vst2 3 3 2 48 3 4 2 1 0 63 2 1 4 0 40
73 217 Vv4 4 1 2 71 3 5 1 5 12 58 1 2 6 0 50
74 230 Vms6 3 3 2 79 3 4 2 1 1 10 3 2 6 0 50
75 93j Vdl3 2 2 2 53 3 1 1 1 081 1 2 3 0 50

76 234 Vdl4 2 2 2 56 3 1 1 1 1 00 1 2 3 0 50

77 238 Vsbl 2 2 1 45 1 2 3 2 2 70 3 2 9 0 40
78 240 Vsb9 2 2 1 39 1 2 1 2 1 76 3 2 9 0 50
79 241 Vsb3 2 2 1 42 1 2 1 2 2 24 3 2 9 0 25
80 243 Vt5 2 1 0 45 3 4 2 1 0 99 2 2 4 0 30
81 244 VI 5 2 2 1 56 1 3 1 1 0 54 1 2 3 0 30
82 247 Vh6 3 4 1 49 3 3 1 1 0 48 1 2 5 0 25
83 249 Vh7 2 2 1 45 1 3 1 1 0 45 1 2 3 0 25
84 254 Vms7 3 3 2 71 3 4 2 1 1 95 3 2 6 0 50
85 256 Vms8 3 2 2 42 3 4 2 1 1 68 3 2 6 0 50
86 258 Vdl5 3

.
2 2 79 3 1 1 1 1 30 1 2 3 0 25

x x v
t



36 37 38 39 40 41 42 43 44 45 46 47 48
SI No TCR

No
Code for 
taxa

Colour 
of stem

Pub esc 
ence of 
stem

Colour of 
stem hair

Days
to
flowen
ng

Pos tion 
of raceme

Colour of 
flower

Colour
of
calyx

Colour 
of corolla

S ze of 
flower 
bud (1 x
b)

Size of 
bracteole

Shape of 
bracteole

No of
flowers/r
aceme

Keel
pocket
length
(mm)

112 303 Vst3 1 2 2 64 3 3 2 1 0 70 2 1 5 0 25
113 305 Vt7 1 1 0 56 3 3 2 1 0 40 2 2 5 0 20
114 306 Vt8 1 1 0 50 3 3 2 1 0 63 2 2 5 0 10
115 307 Vh8 3 4 1 55 3 3 1 1 0 64 1 2 5 0 20
116 308 Vun3 2 2 2 98 3 5 2 5 75 0 0 4 0 00
117 310 Vmul 3 3 2 127 3 4 1 1 1 65 3 2 5 0 40
118 311 Vtbl3 3 3 1 57 3 4 2 2 04 3 1 4 0 50
119 313 Vmu2 3 3 2 86 3 4 1 1 1 65 3 2 5 0 25
120 314 Vh9 3 4 1 58 3 3 1 1 0 48 1 2 5 0 25
121 318 Vt9 1 1 0 50 3 3 2 1 1 30 2 2 5 0 30
122 319 VtlO 1 1 0 48 3 3 2 1 0 48 2 2 5 0 30
123 320 V tll 1 1 0 50 3 3 2 1 0 80 2 2 5 0 25
P 4 321 V rsP 2 3 1 52 3 3 2 0 45 2 1 7 0 30
125 323 VhlO 2 2 1 55 3 3 1 1 0 48 1 2 8 0 30
126 330 Vug2 2 1 2 58 3 4 1 1 1 10 1 1 4 0 25
127 331 Vug3 2 1 2 58 3 4 1 1 1 10 1 1 4 0 20
128 334 Vug4 2 1 2 51 3 4 1 1 1 32 1 1 4 0 10
129 342 Vtbl4 3 3 1 141 3 4 1 1 2 70 3 1 4 0 25
130 345 VtblS 3 3 1 131 3 4 1 1 3 20 3 1 4 0 30
lo l 348 Vtbl6 3 3 1 116 3 4 1 1 2 04 3 1 4 0 30
132 350 Va 3 3 1 84 3 3 1 1 0 30 2 1 4 0 25
133 384 Vtbl7 3 3 1 79 3 4 1 1 1 80 3 1 4 0 50
134 385 Vtbl8 3 3 1 74 3 4 2 1 1 43 3 1 4 0 50
3> 387 Vdl 7 2 2 2 104 3 3 1 1 1 32 1 2 5 0 25

X X V 2 2



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

stem hair to
flowen
ng

of raceme flower of
calyx

of corolla flower 
bud (1 x
b)

bracteole bracteole flowers/r
aceme

pocket
length
(mm)

136 388 Vdl8 2 2 2 131 3 3 1 1 1 56 1 2 5 0 30

137 390 Vms20 3 3 2 126 3 4 2 1 1 50 3 2 6 0 50
13S 392 Vms21 3 3 2 75 3 4 2 1 1 82 3 2 6 0 50
139 393 Vms22 3 3 2 79 3 4 2 1 1 54 3 2 6 0 60
140 397 Vrsl3 2 3 1 63 1 3 2 3 2 08 2 1 7 0 00
141 398 Vdl9 2 2 2 114 3 3 1 1 1 56 1 2 5 0 30

142 399 Vtbl9 3 3 1 126 3 4 3 1 2 40 3 1 4 0 25
143 400 Vrsl4 2 3 1 67 1 3 2 3 1 54 2 1 7 0 20
144 401 Vd20 3 2 2 114 3 1 1 1 0 42 1 2 3 0 20

145 402 Vtl2 1 1 0 51 3 3 1 1 0 90 2 2 5 0 20
146 403 Vtl3 1 1 0 55 3 3 2 1 0 70 2 2 5 0 10
147 405 V na 1 1 0 127 1 1 1 1 3 24 0 0 1 0 00
148 407 Vd21 2 2 2 144 1 4 2 1 1 92 1 2 5 0 50

149 410 Vp 1 2 2 168 3 5 1 5 5 52 0 0 15 0 00
150 161 A jvrsl 5 ? 2 1 64 1 2 2 1 1 54 2 1 9 0 30

X X Y Z 2 Z



49 50 51 52 53 54 55 56 57 58 59 60
SI No TCR

No
Code for 
taxa

Colour of 
peduncle

Pubescence 
of peduncle

Peduncle
length
(cm)

No of 
pods/p 
eduncl 
e

Nature of 
pod
attachment 
to peduncle

Colour of 
immature 
pod

Colour
of
mature
pod

Days to 
first pod 
maturity

Pubesce 
nee of 
pod

Curvature
ofPod

Pod
length
(cm)

Shape
ofpod
beak

1 1 Vrsl 2 2 11 50 4 2 r 3 2 76 3 1 4 22 1
2 2 Vstl 2 3 6 80 3 3 2 10 72 1 1 3 30 2
3 3 Vrs2 2 2 11 33 4 2 3 2 68 3 1 4 38 1
4 5 Vrs3 2 2 15 67 4 2 3 2 75 3 1 4 72 1
5 7 Vrs4 2 2 11 50 4 2 3 2 75 3 1 4 18 1
6 8 Vtbl 1 2 18 40 3 2 2 8 100 3 1 6 50 2
7 9 Vdl 1 2 8 50 3 4 3 2 147 1 2 4 40 1
8 10 Vd2 1 2 7 90 3 4 3 2 136 1 2 4 34 1

9 11 Vrs5 2 2 13 27 4 2 3 2 80 3 1 4 40 1
10 12 Vd3 1 2 8 58 3 4 3 2 134 1 2 4 20 1

11 13 Vd4 1 2 8 67 3 4 3 2 147 1 2 5 00 1

12 18 Vugl 1 1 12 00 2 4 3 2 96 1 3 5 90 2
13 20 Vg 1 1 37 00 7 2 4 6 96 1 1 7 70 2
14 24 Vhl 2 3 5 20 3 2 3 1 63 1 1 3 36 1
15 76 Vh2 2 3 11 00 3 2 3 1 92 1 1 5 36 1
16 ?9 Vh3 2 3 6 50 3 2 3 1 82 1 1 4 08 1
17 60 Vrl 3 3 18 50 7 2 2 2 50 3 1 5 96 1
18 61 Vr2 3 3 11 90 3 2 2 2 50 3 1 5 26 1
19 62 Vr3 2 3 14 00 3 2 2 2 54 3 1 5 80 1
20 66 Vrs6 2 1 5 67 3 3 2 56 2 1 4 74 2



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 Colour of Colour Days to Pubesce Curvature Pod Shape

No taxa peduncle of peduncle length
(cm)

pods/p
eduncl
e

pod
attachment 
to peduncle

immature
pod

of
mature
pod

first pod 
maturity

nee of 
pod

of Pod length
(cm)

of pod 
beak

21 67 Vsel 2 1 8 50 3 3 3 2 65 2 1 5 02 2
22 68 Vse2 2 1 8 83 3 3 3 2 63 2 1 7 14 2
23 69 Vse3 2 1 13 67 3 3 3 2 63 2 1 6 46 2
24 70 Vr4 2 2 14 33 4 2 3 6 48 3 1 6 68 2
25 71 Vse4 1 2 15 40 3 2 2 2 50 3 1 5 80 2
26 72 Vr5 2 2 15 57 4 2 3 3 54 3 1 6 28 2
27 74 Vr6 2 2 13 90 4 2 3 3 56 3 1 6 48 2
28 83 Vtl 1 1 1633 3 3 2 6 71 1 1 5 70 2
29 84 Vt2 1 1 26 33 3 3 2 6 87 1 1 5 38 2
30 86 Vt3 1 1 19 67 3 3 2 6 71 1 1 5 44 2
31 87 Vul 1 1 14 33 5 4 1 2 81 1 2 9 38 1
3? 88 Vu2 1 1 9 00 5 4 1 2 66 1 2 8 86 1
33 89 Vu3 1 1 13 00 5 4 1 1 2 82 2 8 58 1
34 90 Vu4 1 1 9 67 5 4 1 2 92 1 2 8 50 1
35 91 Vu5 1 1 12 67 5 4 1 2 102 1 2 5 60 1
36 92 Vu6 1 1 14 67 5 4 1 2 67 1 2 8 20 1
37 93 Vu7 1 1 18 67 5 4 1 2 95 1 2 7 00 1
38 94 Vu8 1 1 18 00 5 4 1 2 62 1 2 8 72 1
39 95 Vu9 1 1 12 00 5 4 I 2 102 1 2 6 70 1
40 106 Vd5 1 2 8 90 3 4 3 2 161 1 2 4 00 1

41 121 Vtb2 1 2 20 1j 3 2 2 8 100 3 1 5 50 2
42 126 Vd6 1 2 11 60 3 4 3 2 161 1 2 4 40 1

43 141 Vse5 2 2 10 53 4 2 3 2 68 3 1 4 06 1
dd 147 Vtb3 1 2 15 00 3 2-----------U V 2 8 100 3 1 6 10 2



49 50 51 52 53 54 55 56 57 58 r 59 60
SI No TCR

No
Code for 
taxa

Colour of 
peduncle

Pubescence 
of peduncle

Peduncle
length
(cm)

No of 
pods/p 
eduncl 
e

Nature of 
pod
attachment 
to peduncle

Colour of 
immature 
pod

Colour
of
mature
pod

Days to 
first pod 
maturity

Pubesce 
nee of 
pod

Curvature
ofPod

Pod
length
(cm)

Shape
ofpod
beak

45 143 Vd7 1 2 7 33 3 4 3 2 144 1 2 4 20 1

46 144 Vd8 1 2 14 33 3 4 3 2 132 1 2 4 32 1

47 147 Vd9 1 2 7 87 2 4 3 5 92 1 3 5 22 1

48 155 Vmsl 1 1 11 33 3 5 3 9 82 4 1 3 50 1
49 156 Vtb4 1 2 24 33 3 2 2 8 92 3 1 5 40 2
50 157 Vms2 1 1 12 17 3 5 3 9 92 4 1 3 78 1
51 158 Vms3 1 1 19 67 3 5 3 9 82 4 1 2 90 1
52 160 Vms4 1 1 11 77 3 5 3 9 92 4 1 3 38 1
53 161 Vvl 1 1 15 67 2 2 3 2 92 1 1 8 00 1
54 162 Vv2 1 1 14 00 2 2 3 2 86 1 1 1194 1
55 163 VdlO 1 2 7 67 2 4 3 5 92 1 3 4 22 1

5( 164 Vtb5 1 2 8 57 3 2 2 8 119 3 1 6 50 2
57 165 Vk 1 3 17 40 5 3 3 6 170 2 1 5 70 1
<8 169 Vv3 1 1 13 33 2 2 3 2 103 1 1 7 80 1
59 171 Vms5 1 2 13 17 3 5 3 9 83 4 1 3 76 1
60 174 Vtb6 1 2 19 30 3 2 2 8 71 3 1 5 60 2
61 176 Vtb7 1 2 20 56 3 2 2 8 71 3 1 5 30 2
62 188 Vr7 2 12 17 4 2 3 2 83 3 1 4 86 1
63 189 Vtb8 1 2 21 67 3 2 2 8 71 3 1 5 40 2
64 192 Vt4 1 1 17 67 3 3 2 6 65 1 1 4 78 2
65 195 Vtb9 1 2 21 j Q 3 2 2 8 71 3 1 6 00 2



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 Colour of Colour Days to Pubesce Curvature Pod Shape

No taxa peduncle of peduncle length
(cm)

pods/p
eduncl
e

pod
attachment 
to peduncle

immature
pod

of
mature
pod

first pod 
maturity

nee of 
pod

ofPod length
(cm)

ofpod
beak

66 199 V dll 1 2 12 30 3 4 3 2 161 1 2 4 70 1

67 204 VulO 1 1 9 50 5 4 1 2 102 1 2 11 10 1
68 206 VtblO 1 2 20 33 3 2 2 8 71 1 6 30 2
69 207 Vh4 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 Vdl2 1 2 15 00 3 4 3 2 132 1 2 3 62 1

72 215 Vst2 1 3 7 83 3 3 2 10 76 1 1 3 82 2
73 217 Vv4 1 1 18 50 2 2 3 2 97 1 1 11 32 1
74 230 Vms6 1 1 10 67 3 5 3 9 82 1 3 60 1
75 233 Vdl3 1 3 10 93 3 4 3 5 71 1 2 3 44 1

76 234 Vdl4 1 3 8 50 3 4 3 5 76 1 2 4 22 1

77 238 Vsbl 2 1 11 17 3 3 3 2 68 2 1 6 08 2
78 240 Vsb2 2 1 10 83 3 3 3 2 71 2 1 6 64 2
79 241 Vsb3 2 1 9 00 3 3 3 2 71 2 1 6 42 2
80 243 Vt5 1 1 25 67 3 3 3 5 62 1 1 5 32 2
81 244 Vh5 2 3 13 83 3 2 3 1 71 1 1 3 12 1
82 247 Vh6 2 3 11 83 3 2 2 1 63 1 1 4 08 1
83 249 Vh7 2 3 13 67 3 2 3 1 71 1 1 3 56 1
84 254 Vms7 1 1 14 00 3 5 3 9 82 4 1 3 92 1
85 256 Vms8 1 1 9 33 3 5 3 9 75 4 1 3 92 1
86 258 Vdl5 2 2 10 83 2 4 3 5 99 1 3 4 58 1



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 Colour of Colour Days to Pubesce Curvature Pod Shape

No taxa peduncle of peduncle length
(cm)

pods/p
eduncl
e

pod
attachment 
to peduncle

immature
pod

of
mature
pod

first pod 
maturity

nee of 
pod

of Pod length
(cm)

of pod 
beak

87 259 Vms9 1 1 6 97 3 5 3 9 83 4 1 3 78 1
88 260 VmslO 1 1 7 67 3 5 3 9 80 4 1 4 00 1
89 262 Vm sll 1 1 12 43 3 5 3 9 80 4 1 3 86 1
90 265 Vmsl2 1 1 11 00 3 5 r 3 9 77 4 1 4 04 1
91 266 Vmsl3 1 1 8 00 3 5 3 9 76 4 1 3 96 1
92 267 Vmsl4 1 1 11 33 3 5 3 9 75 4 1 4 00 1
93 268 V 1 1 8 00 3 3 3 2 77 1 1 3 50 1
94 270 Vmsl5 1 1 12 83 3 5 3 9 80 4 1 3 20 1
95 271 Vmsl6 1 1 8 50 3 5 3 9 80 4 1 3 38 1
X 272 Vmsl7 1 1 10 67 3 5 3 9 76 4 1 3 98 1
)1 273 Vse6 2 1 12 83 3 3 3 2 96 2 1 3 70
)$ 274 Vdl6 3 3 16 40 3 4 3 5 92 1 1 3 70 1

99 275 Vmsl8 1 1 8 43 3 5 3 9 80 4 1 3 96 1
100 276 Vmsl9 1 1 9 00 3 5 3 9 76 4 1 3 98 1
101 277 Vtbll 1 2 22 30 3 2 2 8 82 3 1 6 40
102 278 Vrs7 2 2 10 50 4 2 3 2 80 3 1 4" 46 1
103 279 Vrs8 2 2 15 33 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
105 290 Vtbl2 1 2 10 83 3 2 2 2 85 4 1 4 60
106 295 Vt6 1 1 18 17 3 3 3 5 63 1 1 4 90
107 297 Vrs9 2 2 10 43 4 2 3 3 83 3 1 4 00 1
108 298 V ull 1 1 14 50 5 4 1 2 98 1 10 80 1
109 300 VrslO 2 2 17 33 4 2 3 3 77 3 1 4 40 1
110 301 V rsll 2 2 12 67 4 2 3 3 71 3 1 4 44 1

\  ti 1 2 16 50 5 2 2 8 169 4 1 6 20 2



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 Colour of Colour Days to Pubesce Curvature Pod Shape

No taxa peduncle of peduncle length
(cm)

pods/p
eduncl
e

pod
attachment 
to peduncle

immature
pod

of
mature
pod

first pod 
maturity

nee of 
pod

ofPod length
(cm)

ofpod
beak

112 303 Vst3 1 1 5 67 3 3 2 10 66 1 1 2 46 2
113 305 Vt7 1 1 20 17 3 3 2 6 71 1 1 4 98 2
114 306 Vt8 1 1 15 33 3 3 2 6 68 1 1 5 16 2
115 307 Vh8 2 3 6 25 3 2 2 1 68 1 1 4 06 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 1 3 90 2
118 311 Vtbl3 1 2 30 33 3 2 2 8 79 1 5 90 2
119 313 Vmu2 2 3 15 00 3 2 3 9 95 3 1 4 24 2
120 314 Vh9 2 3 9 67 3 2 2 1 76 1 1 4 08 1
121 318 Vt9 1 1 20 00 3 3 2 6 65 1 1 4 76 2
122 319 VtlO 1 1 21 33 3 3 2 6 71 1 1 4 90 2
123 3^0 V tll 1 1 19 50 3 3 2 6 71 1 1 5 32 2
124 321 Vrsl2 2 2 13 33 4 2 3 3 71 1 4 42 1
125 323 VhlO 1 2 18 50 2 2 2 1 68 1 1 3 16 1
126 330 Vug2 1 1 10 67 2 4 3 2 76 1 3 5 02 2
127 331 Vug3 1 1 9 67 2 4 3 2 77 1 4 88 2
128 334 Vug4 1 1 10 33 2 4 3 2 71 1 5 20 2
129 342 Vtbl4 1 2 10 67 3 2 2 8 79 3 1 5 50 2
130 345 VtblS 1 2 18 30 3 2 2 8 79 1 6 50 2
131 348 Vtbl6 1 2 15 33 3 2 2 8 79 3 1 5 04 2
132 350 Va 1 3 3 40 3 3 3 6 102 1 1 5 60 1
133 384 Vtbl7 1 2 21 67 3 2 2 8 61 3 1 5 78 2
134 385 Vtbl8 1 2 24 67 3 2 2 8 96 3 1 6 02 2
135 387 Vdl7 1 2 11 00 3 4 3 2 116 1 2 3 82 1



49 50 51 52 53 54 55 56 57 58 59 60
SI No TCR

No
Code for 
taxa

Colour of 
peduncle

Pubescence 
of peduncle

Peduncle
length
(cm)

No of 
pods/p 
eduncl 
e

Nature of 
pod
attachment 
to peduncle

Colour of 
immature 
pod

Colour
of
mature
pod

Days to 
first pod 
maturity

Pubesce 
nee of 
pod

Curvature 
of Pod

Pod
length
(cm)

Shape 
of pod 
beak

136 388 Vdl8 1 2 10 50 2 4 3 5 93 1 3 3 34 1

137 390 Vms20 1 1 10 67 3 5 3 9 96 4 1 3 80 1
138 392 Vms21 1 1 11 67 3 5 3 9 96 4 1 3 80 1
139 393 Vms22 1 1 9 33 3 5 3 9 99 4 1 3 96 "1 1
140 397 Vrsl3 2 2 9 50 4 2 3 3 83 3 1 420 1 1
141 398 Vdl9 1 2 12 17 3 4 3 2 132 1 2 4 76 1

142 399 Vtbl9 1 1 2 14 83 3 2 2 8 85 3 1 5 80 2
143 400 Vrsl4 2 2 8 83 4 2 3 3 83 3 1 4 24 1
144 401 Vd20 2 2 9 33 2 4 3 5 68 1 3 4 20 1

145 402 Vtl2 1 1 39 33 3 4 2 2 80 1 1 5 34 2
146 403 Vtl3 1 1 23 00 3 3 2 6 71 1 1 5 24 2
147 405 Vma 1 1 3 60 1 4 2 6 166 2 1 3 30 2
148 407 Vd21 2 2 12 17 3 4 3 2 171 1 2 5 10 1

149 410 Vp 1 3 6 50 3 4 3 4 184 4 1 8 50 1
150 161 A Vrsl5 2 1 8 50 3 3 3 2 89 2 1 5 36 2



61 62 63 64 65 66 67 68 69 70 71 72
SI No TCR

No
Code for 
taxa

Cross 
section 
of pod

No of 
seeds/p 
od

Shape 
of seed

Colour of seed Lustre 
on seed 
surface

Mottling 
on seed 
surface

100
seed
weight
(g)

Seed
length
(mm)

Seed
width
(mm)

Shape
of
hilum

Hilum
length
(mm)

Seed
yield/pl
ant(g)

1 1 Vrsl 2 12 20 3 Blackish brown 0 0 0 82 2 51 1 98 1 159 26 64
2 2 Vstl 2 6 20 3 Cream mottled with black 0 2 1 03 2 56 1 92 3 1 18 15
3 3 Vrs2 2 11 60 3 Blackish brown 0 0 0 85 2 57 2 38 1 157 37 83
4 5 Vrs3 2 10 80 3 Blackish brown 0 0 0 85 2 55 2 28 1 1 7 40 37
5 7 Vrs4 2 9 20 3 Blackish brown 0 0 1 08 3 01 2 24 1 1 92 66 62
6 8 Vtbl 1 14 20 2 Black 0 1 231 3 44 3 36 2 1 88 22 31
7 9 Vdl 1 1120 3 Greyish green mottled with 

black
1 2 1 04 2 49 2 12 3 1 07 5 29

8 10 Vd2 1 9 00 3 Greyish green mottled with 
black

1 2 1 06 3 03 2 05 3 1 48 15 94

9 11 Vrs5 2 9 80 3 Blackish brown 0 0 1 32 2 89 24 1 169 33 11
10 12 Vd3 1 11 00 3 Greyish green mottled with 

black
1 2 101 2 79 22 3 16 39 34

11 13 Vd4 1 1140 3 Greyish green mottled with 
black

1 2 1 09 3 26 227 3 21 1871

12 18 Vugl 2 10 80 4 Mottled black 1 2 0 95 2 97 1 95 1 1 14 22 08
13 20 2 9 80 3 Black 1 0 3 17 431 3 08 1 2 51 211 12
14 24 \ h l 2 8 20 3 Grey sh mottled with black 0 2 0 52 23 1 77 3 0 92 0 52
15 26 Vh2 2 8 40 3 Greyish mottled with black 0 2 0 63 2 44 2 01 3 0 94 1 93
16 ?9 Vh3 2 9 20 3 Greyish mottled with black 0 2 0 61 24 1 86 3 1 12 5 42
17 60 Vrl 2 10 80 2 Green 0 0 231 3 69 28 1 1 75 811
18 61 Vr2 2 11 20 2 Green 0 0 1 77 2 94 27 1 25 471
19 67 Vr3 2 11 00 2 Intermediate green 0 0 2 17 3 85 2 79 1 1 88 27 55
-in 66 Vrs6 2 2 00 3 Blackish brown 0 0 0 67 25 2 09 1 1 53 26 43



61 62 63 64 65 66 67 68 69 r  70 71 72
SI No TCR

No
Code for 
taxa

Cross
section
ofpod

No of 
seeds/p 
od

Shape 
of seed

Colour of seed Lustre 
on seed 
surface

Mottling 
on seed 
surface

100
seed
weight
(g)

Seed
length
(mm)

Seed
width
(mm)

Shape
of
hilum

Hilum
length
(mm)

Seed
yield/pl
ant(g)

21 67 Vsel 2 11 00 2 Black 0 0 0 96 2 94 2 42 2 148 35 69
22 68 Vse2 2 14 80 2 Black 0 0 124 3 53 2 28 2 123 16 72
23 69 Vse3 2 14 40 2 Black 0 0 139 2 57 2 66 2 139 47 1
24 70 Vr4 2 1140 2 Green 0 0 2 27 3 38 2 96 1 148 164
25 71 Vse4 2 12 60 2 Black 0 0 1 17 2 37 2 27 2 127 20 67
26 72 Vr5 2 10 00 2 Green 0 0 3 13 39 3 24 1 1 89 45
27 74 Vr6 2 12 60 2 Light green 0 0 1 96 3 59 2 59 1 1 59 10 41
28 83 Vtl 2 13 40 3 Blackish grey 0 1 0 94 2 89 193 1 1 67 11 8
29 84 Vt2 2 13 60 3 Blackish grey 0 1 0 83 2 77 197 1 1 51 9 79
30 86 Vt3 2 12 60 3 Blackish grey 0 1 0 93 3 03 2 26 1 1 58 17 91
31 87 Vul 1 7 20 4 Greenish brown 1 0 6 13 7 88 3 79 3 3 78 95 98
32 88 Vu2 1 7 40 4 Greenish brown 1 0 5 72 6 87 3 68 3 3 25 75 51
33 89 Vu3 1 8 00 4 Light greenish brown 1 0 4 63 6 79 2 84 3 2 88 55 22
34 90 Vu4 1 6 00 4 Light greenish brown 1 0 5 55 6 74 3 47 3 3 47 55 95
35 91 Vu5 3 5 80 4 Green 1 0 5 77 7 04 4 33 3 3 58 125 7
36 92 Vu6 1 7 06 4 Black 1 2 4 57 6 79 3 97 3 3 1 73 3
37 93 Vu7 2 7 20 4 Green sh yellow 1 0 4 89 5 92 3 27 3 2 98 85 1
38 94 Vu8 1 7 80 4 Brown 1 0 7 53 8 32 4 18 3 4 04 43 36
39 95 Vu9 2 6 00 4 Mottled green 1 0 6 56 6 91 4 01 3 34 49 12
40 106 Vd5 1 9 60 3 Grey sh green mottled with 

black
1 3 0 99 3 03 2 3 2 04 2

41 121 Vtb2 1 12 00 2 Black 0 1 1 6 3 18 2 33 2 1 87 22 42
42 126 Vd6 1 10 40 3 Greyish green mottled w th 

black
1 3 0 89 2 82 1 87 3 1 59 613

43 141 Vse5 2 10 40 2 Black 0 0 0 82 26 211 2 1 67 63 09
A O V  M 1 12 00 2 Black

------------------ i r - v  T
0

-T C M I
1 1 64 3 11 2 87 2 1 87 6 13



61 62 63 64 65 66 67 68 69 70 71 72
SI No TCR

No
Code for 
taxa

Cross 
section 
of pod

No of 
seeds/p 
od

Shape 
of seed

Colour of seed Lustre 
on seed 
surface

Mottling 
on seed 
surface

100
seed
weight
(g)

Seed
length
(mm)

Seed
width
(mm)

Shape
of
hilum

Hilum
length
(mm)

Seed 
yield/pl 
ant (g)

45 143 Vd7 2 9 60 3 Greyish green mottled with 
black

1 2 0 93 2 63 1 85 3 1 61 41 48

46 144 Vd8 2 7 80 3 Greyish green mottled with 
black

1 3 0 98 2 99 1 82 3 195 49 47

47 147 Vd9 2 10 20 3 Greyish green mottled with 
black

1 3 1 08 3 07 1 9 3 19 58 83

48 155 Vmsl 2 8 00 1 Mottled blackish brown 0 2 147 3 01 2 67 3 2 28 46 26
49 156 Vtb4 1 9 80 2 Black 0 1 127 2 93 23 2 134 37 86
50 157 Vms2 2 9 00 1 Mottled blackish brown 0 2 141 2 99 2 74 3 2 03 41 94
51 158 Vms3 2 6 40 1 Mottled blackish brown 0 1 0 124 2 89 2 63 3 2 14 43 86
52 160 Vms4 2 9 00 1 1 Mottled blackish brown 0 2 2 85 3 92 3 11 3 2 17 67 51
53 161 Vvl 2 120 5 1Blackish brown 1 0 1 29 413 219 1 2 03 1 85
54 162 Vv2 2 16 00 5 Blackish brown 1 0 1 83 4 34 2 52 1 2 03 12 67
55 16j VdlO 2 7 00 3 Greyish green mottled with 

black
1 3 0 72 3 17 194 3 2 16 18 97

56 164 Vtb5 1 12 60 2 Black 0 1 159 3 14 3 06 2 1 79 14 55
57 165 Vk 2 10 00 3 Blackish brown 0 0 41 44 3 46 2 1 52 2 81
58 169 Vv3 1 12 20 5 Blackish brown 1 0 1 06 4 18 2 81 1 2 06 147
59 171 Vms5 2 8 20 1 Mottled blackish brown 0 0 131 2 94 2 46 3 2 35 63 61
60 174 Vtb6 1 12 40 2 Black 0 1 0 88 2 88 215 2 139 1615
61 176 Vtb7 1 12 00 2 Blackish grey 0 1 1 07 2 98 24 2 171 15 43
62 188 Vr7 2 9 20 2 Intermed ate green 0 0 171 3 2 18 1 174 28 93
63 189 Vtb8 1 9 80 2 Blackish grey 0 1 0 67 2 92 231 2 128 18 04
64 192 Vt4 2 10 80 3 Blackish grey 0 1 08 2 45 2 22 1 132 23 66
65 195 Vtb9 2 13 00 2 Black 0 1 1 47 3 11 2 24 2 2 63 36 73



61 62 63 64 65 66 67 68 69 70 71 72
SI No TCR

No
Code for 
taxa

Cross
section
ofpod

No of
seeds/p
od

Shape 
of seed

Colour of seed Lustre 
on seed 
surface

Mottling 
on seed 
surface

100
seed
weight
(g)

Seed
length
(mm)

Seed
width
(mm)

Shape
of
hilum

Hilum
length
(mm)

Seed
yield/pl
ant(g)

66 199 V dll 1 9 60 3 Greyish green mottled with 
black

1 2 09 2 83 2 21 3 197 20 52

67 204 VulO 1 9 60 4 Light greenish brown 1 0 7 01 7 39 4 29 3 3 25 191 41
68 206 VtblO 2 14 00 2 Black 0 0 163  ̂ 3 07 2 84 2 231 33 7
69 207 Vh4 2 9 80 3 Greyish mottled with black 0 3 0 67 2 6 2 08 3 123 6 29
70 208 Vunl 1 11 00 5 Chocalate brown 0 0 11 34 7 44 5 55 1 3 61 25 35
71 214 Vdl2 2 9 30 3 Greyish green mottled with 

black
1 3 1 2 82 1 97 3 1 83 43 89

72 215 Vst2 2 8 00 3 Cream mottled with black 0 2 08 2 75 1 91 3 1 16 16
73 217 Vv4 1 18 60 5 Blackish brown 1 0 1 73 4 84 3 02 1 2 18 11 68
74 230 1Vms6 2 8 00 1 Mottled blackish brown 0 2 1 63 3 19 2 63 3 1 6 25 3
75 233 Vdl3 2 8 20 3 Greyish green mottled with 

black
1 2 0 68 2 39 1 82 3 1 48 42 67

76 234 Vdl4 2 8 60 3 Greyish green mottled with 
black

1 2 08 2 59 211 3 1 4 55 26

77 238 Vsbl 2 10 60 3 Mottled grey 0 0 1 57 2 87 251 2 1 00 33 99
78 240 \  sb2 2 14 40 3 Black 0 0 145 2 6 23 2 0 80 23 30
79 241 Vsb3 2 13 60 3 Black 0 0 135 2 74 2 2 2 0 90 14 60
80 243 Vt5 2 11 00 3 Blackish grey 0 1 0 89 2 9 199 1 1 6 11 27
81 244 Vh5 2 8 60 3 Greyish mottled with black 0 2 0 85 2 13 1 52 3 0 83 23 39
82 247 Vh6 2 10 00 3 Greyish mottled w th black 0 2 0 63 2 36 171 3 1 12 23 48
83 249 Vh7 2 8 60 3 Greyish mottled with black 0 3 0 62 2 38 198 3 0 99 1831
84 254 Vms7 2 7 20 1 Mottled blackish brown 0 2 1 57 3 16 3 12 3 2 32 443
85 256 Vms8 2 7 00 1 Mottled blackish brown 0 2 192 3 49 2 75 3 2 82 1090
86 258 Vdl5 2 8 80 3 Greyish green mottled with 

black
1 2 0 89 2 79 2 45 3 1 64 46 28



61 62 63 64 65 66 67 68 69 70 71 72
SI No TCR

No
Code for 
taxa

Cross 
section 
of pod

No of 
seeds/p 
od

Shape 
of seed

Colour of seed Lustre 
on seed 
surface

Mottling 
on seed 
surface

100
seed
weight
(g)

Seed
length
(mm)

Seed
width
(mm)

Shape
of
hilum

Hilum
length
(mm)

Seed
yield/pl
ant(g)

87 259 Vms9 2 9 20 1 Mottled blackish brown 0 2 1 56 2 99 26 3 2 24 65 2
88 260 VmslO 2 9 60 1 Mottled black sh brown 0 2 1 32 3 03 2 49 3 2 68 60 96
89 262 V m sll 2 9 20 1 Mottled blackish brown 0 2 144 2 87 241 3 2 4 60 96
90 265 Vmsl2 2 9 20 1 Mottled blackish brown 0 2 1 79 33 2 64 3 1 99 79 45
91 266 Vmsl3 2 8 00 1 Mottled blackish brown 0 2 1 7 3 18 2 51 3 1 82 969
92 267 Vmsl4 2 8 80 1 Mottled blackish brown 0 2 1 68 3 18 2 88 3 2 45 79 21
93 268 \ 2 8 60 Mottled black 0 2 0 54 2 33 1 75 3 106 20 75
94 270 Vmsl5 2 7 60 1 Mottled blackish brown 0 2 1 64 3 04 2 74 3 2 17 95 38
95 271 Vmsl6 2 5 80 1 Mottled black 0 2 08 3 01 2 32 3 2 22 32 05
96 272 Vmsl7 2 8 60 1 Mottled blackish brown 0 2 1 73 3 44 2 86 3 2 34 130 26
97 273 Vse6 1 10 00 Black 0 0 1 71 3 08 2 87 2 1 47 21 89
98 274 Vdl6 2 9 60 3 Greyish green mottled with 

black
1 2 0 84 27 17 3 2 05 87 52

99 275 Vmsl8 2 8 80 1 Mottled blackish brown 0 2 149 2 94 2 48 3 231 78 27
100 276 Vmsl9 2 8 80 1 Mottled blackish brown 0 2 1 53 2 93 25 3 1 6 59 41
101 277 V tbll 1 13 60 2 Black 0 0 1 71 3 18 2 35 2 1 84 38 27
102 278 Vrs7 2 10 80 3 Blackish brown 0 0 08 2 78 195 1 1 52 32 00
103 279 Vrs8 2 12 40 3 Blackish brown 0 0 0 85 2 48 2 18 1 1 68 28 25
104 284 Vun2 1 10 60 5 Cream 0 0 4 28 5 48 35 1 2 25 24 24
105 290 Vtbl2 2 12 00 2 Black 0 0 0 77 2 58 2 04 2 1 55 5 51
106 295 Vt6 2 13 60 3 Blackish grey 0 1 0 76 2 58 1 89 1 1 56 214
107 297 Vrs9 2 10 00 3 Blackish brown 0 0 1 2 42 23 1 1 88 68 90
108 298 V ull 1 7 00 4 Green 1 0 5 94 6 67 3 81 3 2 78 170 73
109 300 VrslO 2 11 60 3 Blackish brown 0 0 0 83 2 57 2 22 1 1 94 47 78
110 301 V rsll 2 10 40 3 Black sh bro vn 0 0 1 21 3 2 67 1 2 39 70 63

am ? 13 00 3 Black 0 0 1 35 34 2 73 2 1 99 163



61 62 63 64 65 66 67 68 69 70 71 72
SI No TCR

No
Code for 
taxa

Cross
section
ofpod

No of 
seeds/p 
od

Shape 
of seed

Colour of seed Lustre 
on seed 
surface

Mottling 
on seed 
surface

100
seed
weight
(g)

Seed
length
(mm)

Seed
width
(mm)

Shape
of
hilum

Hilum
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112 303 Vst3 2 6 40 3 Cream mottled with black 0 2 0 45 2 1 1 81 3 1 06 231
113 305 Vt7 2 9 40 3 Blackish grey 0 1 09 2 61 1 97 1 h 12 11 98
114 306 Vt8 2 1 40 3 Blackish grey 0 1 0 98 2 95 2 01 1 151 33 09
IIS 307 Vh8 2 9 40 3 Greyish mottled with black 0 2 0 55 212 155 3 0 94 15 93
116 308 Vun3 1 12 00 5 Cream 0 0 4 87 5 96 4 15 1 2 88 55 7
117 310 Vmul 2 6 20 3 Mottled black 0 0 2 83 3 97 2 85 3 2 41 60 7
118 311 Vtbl3 1 13 60 2 Black 0 0 146 3 11 2 86 2 1 54 1164
119 313 Vmu2 2 5 60 3 Blackish brown 0 0 4 56 4 94 3 67 3 3 41 126 29
120 314 Vh9 2 11 40 3 Greyish mottled with black 0 2 0 54 2 17 176 3 0 91 7 34
121 ~~l318 Vt9 2 11 00 3 Black sh grey 0 1 0 81 2 55 1 98 1 1 55 25 55
122 319 VtlO 1 2 11 60 3 Blackish grey 0 1 0 87 2 57 2 07 1 147 214
123 320 V tll 2 12 20 3 Blackish grey 0 1 0 88 2 46 192 1 1 59 17 21
124 321 Vrsl2 2 10 60 3 Blackish brown 0 0 0 95 2 61 2 35 1 2 24 3150
125 323 VhlO 2 9 00 3 Greyish mottled with black 0 2 0 49 2 03 191 3 0 93 2 79
126 330 Vug2 2 10 20 4 Black 1 3 0 95 3 03 218 1 167 18 49
127 331 Vug3 2 1120 4 Black 1 3 122 2 93 2 42 1 176 22 23
128 334 Vug4 2 10 80 4 Black 1 3 127 3 91 243 1 1 56 21 63
129 342 Vtbl4 1 12 00 2 Black 0 0 1 53 3 13 2 77 2 146 37 33
130 345 VtblS 1 11 00 2 Black 0 0 1 83 3 64 3 07 2 2 38 23 81
131 348 Vtbl6 1 10 00 2 Black 0 0 1 24 3 32 28 2 2 21 75
132 350 Va 2 4 00 4 Intermediate green 1 0 2 00 4 16 2 08 1 1 58 0 28
133 384 Vtbl7 2 10 40 2 Black 0 1 145 3 04 2 85 2 1 82 148 54
134 j85 Vtbl8 2 11 00 2 Black 0 1 142 2 89 2 02 2 1 67 161 08
135 387 Vdl7 1 9 60 ;> Greyish green mottled w th 

black
1 2 0 82 25 2 16 3 1 68 26 06
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136 388 Vdl8 2 8 40 3 Greyish green mottled with 
black

1 2 0 84 2 79 1 83 3 1 72 28 36

137 390 Vms20 2 7 20 1 Mottled blackish brown 0 2 147 3 27 2 99 3 2 42 27 28
138 392 Vms21 2 7 40 1 Mottled blackish brown 0 2 1 34 3 07 3 22 3 2 37 98 32
139 393 Vms22 2 7 80 1 Mottled blackish brown 0 2 146 3 26 3 01 3 2 21 82 78
140 397 Vrsl3 2 9 20 3 Blackish brown 0 0 0 79 2 62 2 33 1 1 89 15 99
141 398 Vdl9 1 8 20 3 Greyish green mottled with 

black
1 2 0 98 2 73 2 55 3 1 72 18 12

142 399 Vtbl9 1 11 80 2 Black 0 1 1 5 3 16 3 22 2 1 46 97 27
143 400 Vrsl4 2 10 40 3 Blackish brown 0 0 0 74 2 43 2 22 1 1 83 39 36
144 401 Vd20 2 10 20 3 Greyish green mottled with 

black
1 2 1 03 2 73 2 15 3 1 71 48 56

145 407 Vtl2 2 12 60 3 Blackish grey 0 1 0 84 2 58 1 91 1 1 64 15 12
146 403 Vtl3 2 10 80 3 Blackish grey 0 1 0 75 2 35 19 1 1 56 15 95
147 405 Vma 2 j 30 1 Brown 0 0 4 00 5 12 4 55 2 2 89 0 20
148 407 Vd21 1 9 00 3 Greyish green mottled with 

black
1 3 129 3 26 2 83 3 1 58 48 16

149 410 Vp 2 10 00 1 Brown 0 0 6 00 5 95 4 46 2 94 0 42
150 161 A Vrsl5 2 13 40 3 Blackish brown 0 0 0 81 2 52 2 17 1 1 13 32 08


