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ABSTRACT

Fifty six genotypes of greengram were evaluatedRBD for yield and
component traits during 2014-15. Next season, elesaected genotypes of the
previous year entries based on their yield perfoiceawere evaluated for cold and
drought analysis in S.K. Sinha Molecular Breediadparatory of Department of Plant
Breeding and Genetics. Molecular work was takenfarpthese eleven genotypes
regarding YMV resistance. The genotypes showed wadd highly significant
variation in all these traits. Seed yield of theggpe varied from 1.8 to 6.1 g/plant.
High yielding genotypes were IPM-02-03, IPM-02-Iada&Sujata X LGG-460. PCV
and GCV estimates were high for primary branchespfant. Plant height, pods per
plant, days to 50% flowering, and maturity had hkgdritability with high genetic
advance which indicated additive gene effect. Theracters plant height, clusters per
plant, pods/ plant, pod length, and 100 seed wesbbtved positive correlation with
yield. Pods /plant had highest direct positive @ffen yield followed by 100 seed
weight. Divergence analysis was done by Mahaln@Bistatitics and clustering of
genotype was done by Tocher's method and the 56tgess were grouped into 7
clusters. 100 seed weight contributed maximum teerdience.Crosses between
cluster V and VI, Il and VI, VI and VIl are expedtéo produce more transgressive
segregants in the later generation. From cold stitdwas noticed that the cold
tolerant genotype Sujata X LGG-460 is a moderagddgr but IPM-02-03 is a high
yielder having medium tolerance to cold. So crodssg/een genotype having high
yielding ability and cold tolerance are expected pf@duce superior genotypes
combining both the characters. In drought analgsisotypes PDM-139, IPM-99-125
and Bhawanipatna showed high tolerance index vahagtisating their tolerance to
drought. In molecular analysis, it was observed tha primers (RGA and YMV1)
linked to YMV resistance produced band in 6 genesypY MV1 produced amplicon
at 130 bp whereas RGA produced amplicon at bothb®0and/ or 180bp. The
genotypes OBGG-52 X Pant-M-4, Sujata X LGG-460, {BR414, IPM-02-03, IPM-
99-125 and KPS-1 were found to possess resistgyaesa YMV.
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INTRODUCTION

Pulses are important component of human diet asuecas of protein. On an
average, pulses contain 20-25% of protein in dgdsewhich is about 2.5-3.0 times
that of cereals. When supplemented with cerealy trovide a perfect mix of
essential amino acids with high biological valu@ they have a special role in
meeting the protein requirement of particularly etagian population and poor
masses. Besides, pulse crops function as minigaitrdactories due to their ability to
fix atmospheric nitrogen in symbiotic associatioithmRhizobium bacteria, thereby
improving the physical, chemical and biological pedies of the soil. Thus these
crops are excellent crops in cropping system fetanable agriculture and nutritional
security. The commonly grown pulses in India aréckltea, Pigeonpea, Greengram,

Blackgram, Cowpea, Fieldpea, Lentil, Moth bean, Brehch bean.

Greengram

Vigna radiata (L.) Wilczek, commonly known as greengram, belongs
family Fabaceae. Greengram recently moved frong#éraisPhaseolus to Vigna due
to closeness in floral and seed morphology withgdeusVigna. This crop belongs to
the subgenus Ceratotropis the genusvigna. It is a self pollinating diploid grain
legume (2n=22) with a genome size of 560 Mb (Aruemaghan and Earle 1991).

According to Vavilov (1926) greengram is a natifdralia and central Asia.
It is grown in these areas since pre-historic meri@e Candolle (1986) believes that
mungbean has originated in India.

Greengram is one of the important @usops in Asia particularly India and
South-East Asia. It is widely cultivated throughd\gia, including India, Pakistan,
Bangladesh, Sri Lanka, Thailand, Cambodia, Vietnaapnesia, Malaysia, and south
China. India is the largest producer of greengrarthe world and accounts for 65%
area (second after China) and 54% production (Prettaal, 2012). Most of the
production in India is traded and consumed locallgereas Thailand is the world’s

largest exporter of greengram.

In India greengram is the third major pulse crofofeed by chickpea and
pigeonpea. It occupies 3.55 million hectares ohawéh a production of 1.5 million

tons. In India, major greengram producing states Andhra Pradesh, Odisha,
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Maharastra, Madhya Pradesh, Rajasthan, Bihar anail THadu. In Odisha,
greengram ranks first in terms of both area andyrion amongst the pulse crops. In
Odisha, greengram is cultivated in an area of 83thtusand ha with a production of
396.93 thousand ton and productivity of 476 kg/l@A$%, 2013-14) and being
cultivated in Ganjam, Kalahandi, Bolangir, Bargalayagarh, Cuttack, Nuapada.

Though greengram can be grown during iaa; rabi and summer in Odisha, the
majority of areas are in rice fallows of coastatufits after the harvest of kharif rice
under residual moisture condition. In the intedwstricts, it is generally cultivated during
kharif and pre-abi. However, now the crop has been rapidly penegratito several non-
traditional areas, e.g, durimgbi season in interior districts and during spring/ swen

season under assured irrigated condition.

Though the estimated pulse requirement in Odish2089 is focused to be 49.4
lakh ton (Nayak, 2009), the present productivityésy low to achieve the target. The
low productivity may be due to sowing on marginad asub-marginal land under
residual moisture in rice fallows, lack of high Igiag genotypes, negligence in plant
protection measures, occurrence of cold stressenanal drought duringabi, high
temperature stress during spring/ summer and dymealence of Yellow Mosaic
virus (YMV) disease. All these factors either indegently or jointly result in the poor

productivity of this crop.

Research on Greengram

Research on greengram was started in 1925 at Busaystematic and well
organized research for development of high yieldidigease/ insect-pest resistant
varieties and production technology was startedh whe establishment of All India
Coordinated Pulse Improvement Programme (AICPIP)967 which was later on
bifurcated into three groups later in i.e. AICRP @hickpea, AICRP on MULLaRP
(Mungbean, Urdbean, Lentil, Lathyrus, Rajmash aed)PAICRP on Pigeonpea,
Under the aegis of AICRP, more than 100 varietiegreengram have been released
so far cultivation in different agro-ecological r@gs and seasons. Despite the
systematic and continuous breeding efforts throoghventional breeding method,
substantial genetic gain in production and prodtgtof these two crops could not be

achieved.



Thus the present investigation in greengram withgBfotypes with fifteen
selections from crosses, seven selections fromcedimutants, seven selections from
local cultivars developed at OUAT along with 27datang lines was taken up with the
following objectives:

1) To evaluate for yield and yield attributing traits.
2) To study the nature and extent of variability fdfetent traits.

3) To study correlation among different traits andedirand indirect
effects of component traits on seed yield.

4) To study genetic divergence among these genotygesiitivariate

analysis.
5) To study the reaction to drought stress in thesetypes
6) To study the reaction to cold stress in these ypest

7) To study the reaction to Mungbean vyellow vein mosairus
(MYVMV) in these genotypes.

The results of this study will help in selectinghggypes having high yielding
ability, resistance to biotic stress like YMV, aadiotic stress like low temperatures
and drought which may be further utilized in hylration programme for developing

a suitable genotype with all the desirable traits.




REVIEW OF LITERATURE

Planning effective breeding methods to bring aboygrovement in any crop
largely depends upon the nature and magnitude retigecomponent of variation for
yield and its component traits. The choice of lpegent that possess high heritability
and genetic advance for various traits (Khainal. 2005) in any crop breeding
programmes can be achieved by conventional metimvd$ving hybridization or by
induction of mutation for the success of breedinggpamme. Evaluation of parents
for their transmission potential for yield and @smponent will pave the way for
better selection. As all available parents withhhorder of performance may not be
able to transmit their superior traits into themogenies, therefore, selection of
desirable parent is increasingly used now a dayrap improvement. Knowledge of
genetic variability on different yield parametessaiso an important criterion for yield
enhancement. Adequate information on origin, distion, cultivation system,
cytology, cytogenetic and genomic relationship, seability with wild relatives,
available range of variability in morphological amtonomic traits, genetics of
important traits, reaction to biotic and abiotitess, nutritional qualities etc. are very
important factors for a breeder.

2.1 Genetic variability, heritability and geneticadvance in quantitative traits

of green gram

Sureshet al. (2010) reported high heritability (broad) alonghahigh genetic
advance (as % of mean) for plant height, numbgroofs per plant, number of seeds
per pod, 100 seed weight and single plant yielicatahg that these characters would
be amenable for phenotypic selection.

Rahimet al. (20 10) evaluated 26 greengram genotypes for tgenariability
study and significant variations were observed aptbe genotypes for all characters.
High heritability (broad) along with high genetidvance ( % of mean) was observed
for plant height, number of pods per plant, seesfsppd, test weight and grain yield
per plant indicating these characters would be foegthenotypic selection.

Reddyet al. (2011) evaluated 35 divergent genotypes of greemdoa yield
which showed significant difference among characstudied. High genetic advance

coupled with high heritability was observed for ngldneight, number of pods/plant,



shoot dry matter/plant and seed yield/plant, indhcathereby the preponderance of

additive gene action.

Zaidet al. (2012) tested the greengram genotypes for gewneatiability
.Maximum plant height was observed for genotype SF33-19 cm; maximum
number of pods plaftwas recorded for genotype NFM5-63-19, while gepesy
NFM-12-8 and NFM-6-5 were found with a maximum pledgth. Similarly the
maximum number of seed pédbiological yield and grain yield was observed in
genotype NFM-6-5, NFM-12-6 and NM- 98 respectivelyne high heritability was
recorded for pod length (99%) and plant height (Y,0&hile pods plant (29%) and
seed pod (17%) had low heritability.

Gadakhet al. (2013) estimated the genetic variability, heritépibnd genetic
advance for 15 quantitative characters in 50 desgysnotypes of green gram. High
heritability coupled with high genetic advanees observed in biological yield
per plant, harvest index indicating the impacof additive gene affecting

expression of these characters.

Narasimhuluet al. (2013) evaluated 40 greengram genotypes and \auser
high GCV and PCV for number of branches, pods/plaisiogical yield and harvest
index. Genetic advance(% of mean) was high in cd4€0 seed weight and harvest
index. High heritability coupled with genetic adearnwas observed for plant height,
pods per plant, harvest index, biological yieldd @eed yield indicating their control

by additive gene action.

Singhet al. (2013) observed a significant difference amongg@@otypes
studied for almost all traits. Heritability is fodino be affected by environment. Traits
like plant height, primary branches, secondary thas, pod mass, seed mass,
biological yield and harvest index showed low eonimental influence comprising of

high heritability and selection response.

Kumaeet al. (2013) studied the genetic variability in greengramd observed
that only 100 seed weight exhibited high heritép#istimates (narrow sense) coupled
with high genetic advance, indicating the prepoadee of additive gene action.
Selection based on this trait will be rewardingeRtypic coefficient of variation was

slightly higher than the genotypic coefficient @riation.



Garjeet al. (2014) revealed highly significant difference falt characters
under study indicating the presence of sufficianbant of variability in 40 genotypes
of green gram for different quantitative charactd@ise highest GCV and PCV were
observed for seed yield per plant, number of padptent, secondary branches per
plant, clusters per plant and pod length respdgtividigh estimates of genetic

advance were observed for plant height and numiqgoabper plant.

Raturiet al. (2014) reported that 44 mung bean genotypes #etibignificant
to highly significant differences with respect tbthe morphological and biochemical
characters studied. Five genotypes were recorddd>8% fat, 16 with > 3% fibre,
four with > 5% ash, six with > 29% protein and ¢ighth > 65% carbohydrate
contents. Fat and fibre contents were recorded swhificantly higher heritability (>
90%) with corresponding PCV and GCV (> 15%) coupleith > 35% genetic
advance, which validates that these charactergragdly influenced not only by the

additive gene effect but also by greater proportibheritable variation.

Sahuwet al. (2014) studied on homogeneity and homozygosity nffd ks
populations of 35 greengram genotypes to assesgygan variability and character
association considering nineteen nitrogen fixingl asmeld attributing parameters.
Straw protein content (0.306%*), nitrogen fixatiah342*), plant height (0.474*), pod
per plant (0.388*), 100 seed weight (0.442*) wesarfd to be major yield factors.
Variability coefficients exhibited approximate slari pattern for both generations

indicating stabilization of parameters with generatidvance.

Degefaet al. (2014) found high PCV over GCV indicating a tegh
environmental influence for number of primary brae€, pods per plant, seeds per
pod and harvest index while studying the genetidability, heritability (broad
sense) and genetic advance among 13 greengramsiacsesHigh estimates of
heritability and genetic advance were scored faxdseper plant and seed yield
indicating that these characters were under théraoof additive genetic effects.
High genetic advance (% of mean) coupled with Heghitability was observed for

number of primary branches, number of seeds pet.pla

Hemavathyet al. (2014) evaluated thirteen greengram genotypesnioe

guantitative traits, all of which showed a sigraiit difference for all the characters



under study. Higher GCV and PCV was observed fed sgeld, pods per plant and

clusters per plant.

Katiyaret al. (2015) estimated higher heritability for all theits except
branches per plant and seeds per pod while studiireplvanced lines of greengram.
High heritability coupled with high genetic advaneas found in case of seed yield,

days to flowering and plant height indicating miairenvironmental influence.
2.2 Correlation Study in Green Gram

Tabasumet al. (2010) reported that clusters per plant, podspbent, total
plant weight and harvest index having positive sicgnt genotypic and phenotypic

correlations with seed yield.

Jeneet al. (2010) while studying correlation in local gregnam, found

pods/plant, pod length and seeds/pod had posititrelation with yield.

Rahimet al. (2010) reported that the pods per plant, panangth and seeds

per pod were positively correlated with grain yigllin mung bean genotypes

Reddyet al.(2011) revealed that seed vyield /plant was p@asitand
significantly associated with days to maturity, ntldneight, number of pods/plant,

number of seeds/pod, 100-seed weight, seed prateishoot dry matter/plant.

Khajudparn and Tantasawat (2011) identified thealiand indirect effects on
seed yield in 56 mung bean accessions. Seed yiatdsignificantly and positively
correlated with pods per plant, clusters per planél dry matter, seeds per pod, seeds

per plant, biomass and branches/plant and negatieetelated with days to maturity.

Mondalet al. (2011) investigated that leaf area index (LAI) whs most
important source that determined total dry massMJDield, and reproductive
characters like number of racemes, flowers and pbaistwere the most important
sinks that determined seed yield. Contrarily, redpative efficiency (R.E) did not
show significant relationship with pod number aneked yield, indicating that

selection of high yield based on RE may be mislggadi

Makeenet al. (2011) reported that pods per plant and planghtehave

significant positive correlation with seed yieldgreengram.

Begumet al. (2012) reported that grain yield plghad highly significant
phenotypic correlation with pods/ plant (0.65), igsé plant (0.61) and 100-grain
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weight and significant genotypic correlation witbds plant (0.71) and days to pods
formation (0.70).

Zaidet al. (2012) tested the greengram genotypes for coioalaamong
different yield contributing traits i.e., plant gk, pods plant, pod length, seed pdd
biological yield, and grain yield. Based on gematycorrelation analysis characters
like plant height, pods plant, pod length and on phenotypic basis grain yield a
seed pod could be the best criteria in any breeding progfamincreasing yield in

mungbean genotypes under various agro-climaticigond.

Sureshet al. (2013) concluded that the number of pods per pilaas
positively and highly significantly correlated wigingle plant yield.

Kumar et al. (2013) found that number of secondary branches faait,p
number of bunches per plant, number of pods pettplmber of grains per pod, pod
length and 100 seed weight had significant positiweelation along with their high
positive direct effect with grain yield, suggestittigese parameters as prime traits

during selection to have the higher potential etd

Gadakhet al.(2013) reported that harvest index and 100 seedjht had

significant positive correlation with seed viel

Thippaniet al. (2013) reported that the seed per plant showediy®sand
significant  relation with plant height, no. obgs per cluster and no. of seeds per
pod both at genotypic and phenotypic level.

Agsaet al. (2013) found that primary and secondary branckegpfant, pod
length and 100-seed weight exhibited negative amatsignificant genotypic and
phenotypic correlations with seed yield. Clusiees plant, pods per plant, total plant
weight and harvest index showed positive significgenotypic and phenotypic

correlations with seed yield.

Lalinial et al. (2014) reported a strong correlation between 100-sesght,

number of pods per plant, number of seeds per pdgad weight with seed yield.

Garjeet al. (2014) found that the seed yield per plant wasitantly and
positively correlated with number of primary andc@adary branches per plant,

number of cluster per plant, number of pod pertdaua number of seed per pod.



Mishra et al. (2014) found that the number of pods/plant, pexdgth and
seeds/pod exhibited significant positive correlatwith green gram yield. However,
the association of seed yield with days to 50% @omg, maturity duration, plant
height and dry biomass was found to be signifigamtigative.

Javedet al. (2014) found that the phenotypic correlation of sgexdd per
plant with germination % and seeds per pod wadigesand highly significant while
pods per plant was negatively correlated. Higheritdiglity and significance
correlation indicated that germination %, 100-seeiyht and seeds per pod may be

used to select higher yielding greengram genotypes.

Degefaet al. (2014) showed that seed vyield per plot was siggifily
associated with harvest index, seed yield per @adtbiomass. However, number of
secondary branches and number of pods per plam &also significantly associated

with seed yield per plot.

Sahuet al. (2014) while studied onsFand ks populations of thirty five mung
bean genotypes found that nitrogen fixation hadtipesand significant correlation
with primary branches, seed per pod, yield per tptard straw protein in both the

generations.

Pathaket al. (2015) reported highly significant and positivasaciation of all

the quantitative characters with seed yield exeatbt that of days to 50% flowering.

Muralidharat al. (2015) found that number of pods per plant, pmidyper
plant and threshing percentage had shown positidesaynificant correlation along
with their high positive direct effect with seedl, suggesting that these parameters
may be considered as prime traits during the coofsselection to have the higher
potential of yield in green gram

2.3.  Path coefficient analysis in greengram
Rahimet al. (2010) reported that the number of pods per @adtnumber of
seeds per pod are important characters for yietwigh path analysis.

Tabasumet al. (2010) reported that Positive direct effects wekeried
through secondary branches, pods per plant, paihe®©00 seed weight, total plant
weight and harvest index while primary brancheanpheight, clusters per plant and
pods per cluster had negative direct effects.



Khajudparn and Tantasawat (2011) found that clsgter plant showing the
highest positive direct effect on seed yield folemivby 100 seed weight, seeds per
pod and pods per plant. However, the effect of 488d weight was substantially
minimized by the negative indirect effects of chustper plant, pods per plant and

seeds per pod.

Mondal et al. (2011) investigated the path coefficient analyseg5 mung
bean genotypes and found that number of flowerglspand 100-seed weight
constituted central important sinks which exerte@a positive influence on seed

yield.

Reddyet al. (2011) revealed that days to flowering, days taumity, number
of pods/plant, seed protein, shoot dry matter/ptartt 100-seed weight had positive
direct effects on seed yield/plant. Hence, selaatio these traits could be improving

seed yield in green gram.

Mishraet al. (2012) reported that pods per plant had the higtliestt effect
followed by branches per plant, 100-seed weighgdseper pod and pod length on

seed yield per plant.

Agsa et al. (2013) found that positive direct effects were ree@ through
secondary branches, pods per plant, pod lengths&8@ weight, total plant weight
and harvest index while primary branches, planghteiclusters per plant and pods
per cluster had negative direct effects.

Sureshet al. (2013) opined that the number of pods per platibvied by

seeds per pod was the important characters fogasorg yield in mung bean.

Thippani et al.(2013) reported that the maximum direct positiwdfects
exerted by no. of pods per cluster, no. of seedgod, pod length, plant height and

100 seed weight towards seed vyield per plargdas correlation and path analysis.

Lalinial et al. (2014) found that the maximum direct and positiiea$ were
related to number of seeds per pod, number of pedplant, 100-seed weight and
pod weight. Performing factor analysis through @pal component analysis, three
factors in total 82.03 (2009), 81.64 (2010) and2@8 combined dataset) percent of
the changes were justified. These factors were datyield and yield component
traits, phenological and physiological parametezspectively. Yield can be increased
by improving traits of the first factor. Also, setmn of cultivars with shorter
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phonological traits (factor2) and higher contentpbiysiological traits (factor3) can

help to avoid dry periad

Sahuet al. (2014) opined that maximum direct positive effectwards yield
were exerted by nitrogen fixing per plant (1.1199eds per pod (0.423), pods per
cluster (0.837), 100-seed weight (0.561) and ptarght (0.257).

Garjeet al. (2014) revealed that pods per plant had maximuecteffect on

seed vyield followed by cluster per plant and nundfesecondary branches per plant.

Pathaket al. (2015) found that pods per plant had the maxinainect effect
towards seed yield followed by plant height and-$68d weight.

2.4 Genetic diversity in green gram

Rahim et al. (2010) reported that the 26 genotypes were grouptx Il|
clusters. Maximum number of genotypes (12) wasuged into cluster Il. The
maximum range of variability was observed for numbiepods per plant among all
the characters in 3 clusters. Crosses involvingtel | and 1l may exhibit high

heterosis for yield as well as earliness.

Daset al. (2010) explained that the genetic divergencechnstering pattern
for selection of suitable parents that can liézed in hybridization programme to
study the genetic parameters attributing to yielé characters and grouped the 23
strains into 8 clusters by using? Dstatistics. Cluster V has the highest inter elust
distance and can be used for hybridization program®mong the six characters the

no. of seeds per pod contributed maximum amounrardsvdivergence.

Chattopadhyayet al. (2011) assessed the morphological and molecular
diversity of 78 greengram germplasm. ‘Kopargaornvadety from Maharastra, which
was the highest yielder with highest number of fgadst, was found most diverse
from ‘TRCM-5-1", a breeding line of Tripura possegghighest seed weight based on

both I’ and combined analysis using morphological and oubée data.

Abnaet al. (2012) evaluated genetic diversity of 20 greenggamotypes and
four groups were defined through cluster analys @distinct genetic variations were
observed among these groups. Using cluster anabysisinweighted pair group
method with arithmetic mean (UPGMA) method, all gigmpes were grouped into
three main groups and one minor group. Principaimanent analysis was done to
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evaluate diversity and morphological traits whickdmore effects on diversity and

three components explained near 79% of total vanamong genotypes.

Mishraet al. (2012) assessed the genetic divergence among ttantsdior 9
guantitative traits in M generation. 25 mutants selected from a gammaiatest
population of green gram variety Sujata were grdupe 8 clusters based on?D
values. All the clusters (cluster Il to VIII) wemtivergent from the cluster I, the
largest group that included the parent variety Bujgf analysis of genetic divergence
showed that branches per plant followed by podtlengeld per plant and plant

height were the major contributors to divergencemgmmutant cultures of Sujata.

Gokulakrishnaret al. (2012) estimated genetic divergence among 30ngree
gram genotypes using Mahalanobis®sEatistic and total of six clusters were formed.
Cluster Il contained the highest number of thirtgemotypes followed by cluster |
with eight genotypes and clusters V and VI contéinae genotype each. Cluster V
recorded the highest mean for seed yield per pramhber of pods per plant, number
of branches per plant, number of seeds per podl@fAdseed weight indicating that
more emphasis should be given on cluster V forctielg genotypes as parents for
crossing with the genotypes of cluster | which npagduce new recombinants with

desired traits.

Garje et al. (2013) studied the nature and magnitude of gerdtiergence
using [F Statistics in 40 green gram genotypes for 10 ingmirtjuantitative traits and
grouped them into 13 clusters. Cluster 11l was datgvith ten genotypes followed by
cluster Il with eight genotypes. Three characters seed yield per plant (g), no. of
pod per plant, and pod length (cm) contributed mmaxn in manifestation of genetic

diversity.

Gadakhet al. (2013) examined the genetic divergence and clagtgrattern
of 50 genotypes of greengram. The crosses of gpestyrom cluster 1, i.e
Kopergaon, Vaibhav, BM-4 and BM-2005-1 with thodegenotypes BM-2003-2,
PM-203- 18, AKM-9907 and AKM-08-01 belonging to star Ill and RVSM-11,
PM-201-19, ML-1354, AKM-0603 belonging to clustéhhbs the highest inter-cluster
distance and might produce high level of segregatimpulation in regards to yield as
well as earliness. Among the thirteen charactees glotein content contributed

maximum amount towards divergence.
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Divyaramakrishnaret al. (2014) determined the extent of variability exigt
among 374 mung bean genotypes through Principal pBoent Analysis (PCA),
cluster analysis. 4 principal components (PC) hgldteen values more than unity and
accounted for 65.76% of the total variance amongH&racters. Amongst first four
PCs, PC1 was accounted high proportion of totalamae. 374 accessions were
classified into 8 clusters through hierarchicalstén analysis method. Cluster | had
maximum number of genotypes under study. Basedercluster analysis results it
was recommended that crosses could be made bethveagenotypes of Cluster VI
and VI, Cluster V and VI, Cluster Il and VIiand Cluster V and VIII.

Mehandiet al. (2015), performed multivariate analysis in greeang using
twenty-one genotypes and grouped the genotypedentand five clusters based on
the extent of genetic divergence following Tocharsl non-hierarchical Euclidian
clustering methods. Based on the maximum divemsiitained in Tochers method
genotype KM 10-1064 of cluster V and genotypes K8A1046, KM 10-1059 and
KM 10-1070 of cluster VI were found suitable for proving the plant structure,
whereas concerning high diversity along with highittcontribution towards total
divergence, the clusters KM 10-1064 of cluster \d &M 10-1042 of cluster VIl
were found to be appropriate for hybridization. Tgenotype KM 10-1068, which
represents the mono genotypic cluster in case tf the clustering methods signifies
that it could be the most diverse from other gepesyand it would be the suitable
candidate for hybridization with genotypes presentother clusters to tailor the

agriculturally important traits and ultimately, éahance the seed yield in green gram

2.5. Green gram and drought

Water deficit can change the growth pattern ofgiteen which inhibits the cell
elongation and enlargement. This decreases theugtiody of mungbean and
disturbs normal turgor pressure. It may lose tHetaggidity. The effects of drought
stress can seen by measuring root and shoot rdtiohwncreases during stress
conditions. As well as index area of leaf is desesavhereas increased cell thickness,
lignifications and cutinization amounts are notic@this grain is reported to more
susceptible to drought than many other grain legufRandet al. 1984). Therefore,
this affects the productivity of a crop, mainly ohgr spring and summer climate.
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Effect of polyethylene glycol: Osmotic solutions of different concentratioe ased

to impose water stress reproducibly undevitro conditions (Pandey and Agarwal,
1998). Polyethylene glycol molecules with a MWW6000 (PEG 6000) are inert, non
ionic and virtually impermeable chains that hawegjtrently been used to induce water
stress and maintain a uniform water potential thhmwt the experimental period (Lu
and Neumann, 1998). Molecules of PEG 6000 are semugh to influence the
osmotic potential, but large enough to not be diebby plants (Carpitet al., 1979).
Because PEG does not enter the apoplast, wateth@drawn from the cell. Therefore,
PEG solution mimic dry soil more closely than swns of low molecular osmotica,
which infiltrate the cell wall with solutes (Veskiet al, 1998)

Duttaet al. (2008) screened 15 mungbean genotypes for draotgrance
under laboratory condition using PEG 6000. The ggres showed reduction in all
the growth parameters under water stress exceptdigoweight in some of the
genotypes. Screening of genotypes based on singlphmlogical parameter appears
to be limiting due to inconsistency in growth respes of different seedling parts are
more affected than other parts of the same seeullingsponse to drought. However,
tolerance index which is the ratio of dry weightseedling under stress to dry weight
of seedling under control is a more stable charautd can be considered as a useful

tool to screen drought tolerant genotypes.

Aslanet al. (2013) screened 17mungbean genotypes for drdotgrance
at seedling stage to find out best selection doiteagainst drought conditions. Shoot
length (SL), root length (RL), root shoot ratio §/ stem diameter (S.D), shoot
weight (SW), emergence percentage (E %) and enefggmergence (EE)were
studied. Line graph, biplot graph and principle poment analysis were used for
evaluation of seedlings performance at differentstooe levels i.e. 80% (T1), 50%
(T2) and 30% (T3) of the field capacity(FC).GenaypAUM51, AUM-2002, M-
2006, AUM-28, NM-58 and AUM-25 performed better endill the three studied
environments.. Parameters corresponding early ¢r@ntl development proved as

best selection standard for low moisture stressdole.

Purbajangt al. (2013) studied the performance of drought stfess
legumes using PEG-6000 on ten kinds of legume (dadopo Calopogonium
mucunoides), Crotalaria Crotalaria juncea),Centro Centrosema pubescens), Puero

(Pueraria phaseoloides), Leucaenal(eucaena leucocephala), Gliricideae Gliricideae
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maculate), Sesbania Sesbania glandifora), green gramsMigna udulata), kidney
beans Vigna radiata), and Soybean€&{ycine max). Parameter like germination
percentage, root length, shoot length, shoot weigbdt weight and shoot/root ratio
were studied. Kidney beans have highest seedlingeptage of shoot length, root
length and shoot weight. Gliricideae have lowestdieg percentage of shoot length,
root length, shoot weight and root weight. Kind lejumes have significance
difference of shoot length affect by PEG-6000. Tri@easing concentration of PEG
6000 given declining percentage germination, sherjth, root length, shoot weight
and root weight. Highest shoot/root ratio in leguwes kidney beans and the lowest

was Gliricideae. Calopo, Centro and Gliricideaeemeery sensitive to drought stress.

Swapnet al. (2014) studied the influence of water stress enmgnation
and seedling growth of two greengram genotypes ML-&1d TM 96-2 by subjecting
the cultivars to water stress using PEG-6000. Dxxs&@ osmotic potential caused a
reduction in germination percentage. Shoot and lerath reduced significantly with
rise in PEG.

2.6  Green gram and cold

Abiotic stress like cold causes considerable lossesroductivity of many
crops. Low temperature is one of the most crudgnias affecting plant growth and
even leading to death as low temperature indutesover-production of reactive
oxygen species (ROS) like superoxide radical €&, H.O2, and hydroxyl radical
(HO) in plant cells (Hungt al., 2005). ROS are highly reactive to membrane d$ipid
protein, and DNA and are believed to be one of rtfaor contributing factors to
chilling injuries and to cause rapid cellular dama@/hen plants are exposed to low
temperature, electron-transport chains tend to f@sm—, which dismutase to form
H20.. In the chloroplast, low temperature limits treldreactions, thus limiting the
supply of NADP and favouring reduction of :20by photo-system Il. Therefore,
exposure to low temperature in combination withhhiight intensity leads to more

serious damage in plants (Allen and Ort, 2001).

Changet al. (2000) exposed green gram seedling to 4°C fory2 dad found
induced irreversible chilling injury. Acclimationf @eedling at 10°C for 2 to 3 days
significantly decreased the conductivity and comegion of soluble sugars, free
amino acids, and cations {KMg"™* and Ca") in the leakage compared to the 28°C-
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root/28°C shoot, control seedlings. Though in t&& Q@ root/4° C-shoot treatment did

not suffer noticeable injury, but seedlings in 43eC-root/4° C shoot treatment did.

Yu Chin-Wenet al. (2003) studied survival rates of greengram segdli
chilled at 4°C for 36 hour from pre-treatment w00 mMHO; increased survival
rate of seedling from 30 to 70 % and suggested tirat HO--induced chilling
tolerance in these plants might be mediated byl@ragon of glutathione content and

is independent of the ABA mechanism of chilling texion.

Hung et al. (2005) said that an oxidative burst caused byidior abiotic
stress leads to a disturbance in the cellular rdmddance and is highly toxic to cells.
Recently, HO, in addition to being a toxicant, has been reghrde a signaling
molecule and a regulator of the expression of sgeres in cells. These include
genes encoding antioxidants, cell rescue/defersteips, and signaling proteins such

as kinase, phosphatase, and transcription factors.

Chen X Waet al. (2005) subjected greengram to stress for 4 dayderus low
temperature of PC and reported that on the 2nd and 3rd dagrubhd degree C
stress, both the malondialdehyde (MDA) content taedsuperoxide dismutase (SOD),
catalase (CAT) and peroxidase (POD) activitieseiased significantly in hypocotylar
cells, SOD activity always maintain at the highkstel in a period of time and so does
POD activity. He finally concluded that at°1Q low temperature caused non-lethal,

temporary injuries to hypocotyls ultrastructureriung bean, but no visible injury at all.

Hunget al. (2007) studied greengram seedlings of the culffaanan No. 5 (a
chilling-sensitive cultivar) by pre-treating with uttiple sprays of 200 mM D>
which showed a tolerance to chilling &C4for 36 h, measured by electrolyte leakage,
that was greater than that induced by a singlénrerat and similar to that induced by
cold-acclimation at 11C for 48 h.. Chilling tolerance induced by® depended on
accumulation of glutathione (GSH), which could bgngicantly reversed by pre

treatment with buthionine-sulf-oximine (BSO).

Roy et al. (2009) postulated that low temperature in growiegssn may reduce
germination, retards vegetative growth by inducmgtabolic imbalance and or can
delay/prevent productive development. Each plagtisp has an optimum temperature for
their growth and development. It varies among ggrast within species and the specific
temperature also depend on growth stage and devetapf particular genotype
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Satyaet al. (2011) reported that chilling stress is one & thajor abiotic
stresses for greengram during germination stagein®ugermination starch and
protein reserves in greengram cotyledons are dedrachich is hampered by chilling
stress. They investigated the effect of chillingess on mobilization of cotyledon
reserves, production of phenolics and activatiomrdfoxidant enzymes and showed
that tolerant genotypes were more capable of cHiagnthe cotyledon reserves for
seedling growth, resulting in higher seedling vigouring the recovery period, the
tolerant genotype exhibited higher phenolics préidac The significant increase in
peroxidase activity during stress induction andovecy period suggests that
peroxidase activity may be used as a biochemicakendor tolerance to chilling

stress during germination of mung bean.

Baisakh et al. (2013) evaluated 21 land races of greengram \icglve
characters. Maximum variability was recorded wehprect to total days of survival of
10, 30 and 40 days old seedling exposed t¥18nd yield / plant. Land races
Nayagarh local, Jharsuguda local, BhawanipatnaBodéapurgaon local, Keonjhar
local, Kalahandi local-A; Ratila local, Khadabhanigaal, Bhawanipatna local-B;
Kalahandi local-2B and Bhawanipatna local-B wenenfibto be good donors for cold

tolerance at all the stages of seedling exposuceltb

Swainet al. (2014) studied the response of 30 entries to ewftbsure under
controlled conditions and observed that the mo#traat genotype was SG1-1
(24.250 days of survival) followed by OE1-2 (22 dayf survival) and OG1-1 (21
days of survival). All of them were the mutant owdts including the most susceptible
genotype OM1-3 having 9.25 days of survival. Thgermotypes which are found to
be tolerant or susceptible to cold may be adaptethé¢ ecological situations of
Odisha. The genotypes having maximum per plandy§dl590 g to 2.917 g) and
moderately tolerant to cold (12.50 days to 22.94¢sdsurvival) were OE2-3, OGN2-
3, OG3-2 and OE1-2. They may be use as a dondrerbteeding programme for
developing desirable segregants having cold toteraibility.

2.7. Greengram and YMV

In greengram, the major devastating viral diseasesed by Mung bean
Yellow Mosaic Virus (MYMV) is Yellow Mosaic VirusYMV) transmitted through
white fly, Bemicia tabaci which leads to severe yield reduction and it neitaes

developing MYMV resistant lines for improved crogid. MYMIV belonging to the
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genus begomovirus causes the YMV in a number oh@oically important edible
grain legumes including greengram, blackgram angbean. Some varieties may
posseses genes for resistance to YMV. This resistganotype may be screened by
molecular analysis and later this resistance g@eotan be included in hybridization
programme for transfer of resistance gene to thk fielding genotype but sensitive
to YMV.

Conventional breeding methods have been employ#teipast to solve some
of the problems at a slow pace. The use of madeaularker technology can help
accelerating greengram improvement process throlighmarker assisted selection
(MAS) technique. Among the markers micro satelliéfers several advantages, viz.
they are highly reproducible, highly polymorphicCR based and readily portable
within a species. The breeding and selecting psodes developing a new high
yielding variety with resistance to disease is afuaus process that may take up 8 —
0 years. Multi environment testing will always Ibequired to confirm that the
identified phenotype have desired agronomic charactombined with resistance.
Hence, tools for determining the genotypes of tkpeamental lines increase the

efficiency of the selection process.

Using suitable DNA markers for selection will healp identifying the right
genotype that are resistant. Development of marteeidentify YMV resistance in
greengram and deploying them through marker-aidetecson in breeding

programme would fasten the process of developisigtamt lines.

Simple sequence repeats (SSRs) corgsistirmndomly repeated units of short
nucleotide motifs that are of 1-6 bp long, di-trnidatetra nucleotide [e.g, (CA) n,
(AAT) n and (GATA) n respectively] repeats are thest common and are widely
distributed throughout the genome of plants andchals (James and Lagoda, 1996).

Basaket al. (2004) developed YMV-tolerant lines from a sinylelV-tolerant
plant within a large population of the susceptitldtivar T-9, by crossing with T-9,
and R, / and k. The different generations were phenotyped for Y:k¥ction by
forced inoculation using viruliferous white flie®f 24 pairs of resistance gene analog
RGA primers screened, only one pair, RGA 1F-CG/RGR, was found to be
polymorphic among the parents. Selected iriflividuals and & families were
genotyped with the polymorphic RGA primer pair ahd polymorphism was found
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to be linked with YMV-reaction. This primer pair giified a 445bp DNA fragment
only from homozygous tolerant and the heterozydmes. The 445bp marker band

was sequenced and named ‘VMYR1'.

Souframanieret al. (2006) developed recombinant inbred line (RIL)pmiag
population () by crossing/igna mungo (cv. TU 94-2) withVigna mungo var.
silvestris and screened for mungbean yellow mosaic virus (MY IVesistance. The
ISSR8113s7ymarker was sequenced and sequence characterizplifieimregion
(SCAR) primers were designed (YMV1-F and YMV1-R) amplify the marker.
Screening for the SCAR marker in the RIL populatiistinguished the MYMV
resistant and susceptible plants, agreeing welh wviite phenotypic data. The
ISSR8113s7ymarker was validated using diverse blackgram ggast differing in
their MYMV reaction. The marker will be useful féine development of MYMV-

resistant genotypes in blackgram.

Maiti et al. (2011) took up study to develop molecular markerked to
MYMIV-resistance to facilitate genotyping of urddseand mung bean germplasms
for MYMIV-reaction. Two MYMIV-resistance marker IgcYR4 and CYR1, were
identified and of these two CYR1 is completely Bk with MYMIV-resistant
germplasms and co-segregating with MYMIV-resistentF progenies of urdbean.
This study demonstrated that these two markersdctba efficiently employed
together in a multiplex- PCR-reaction for genotypimothV. mungo andV. radiate

germplasms from field grown plants and also digeftttm the seed stock.

Prasanthet al. (2013) screened 45 lines along with PU-31 and PeiBtant
checks for YMV under field conditions with artifadi inoculation and identified 19
lines having 1 score with no disease symptoms. R&iRtions using SCAR marker
for screening the disease reaction with genomic DdfAthese lines resulted in
identification of 19 resistant sources with specifimplification for resistance to
YMV at 532bp with SCAR 20F/20R developed from OPRARD primer linked to
YMV disease. Considering the YMV reaction and rasise linked SCAR marker, it
is possible to identify the new resistance souinea short time and they can be

utilized in breeding programme or for direct rekeas

Sowminiet al. (2014) found four markers which were closelyoasated with
YMD resistanceriz., VMYR1, YR4, CYR1 and SCARISSR 811 were validatesthg
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14 genotypes of black gram. Disease screening wdsrmed at two locations viz.,
Coimbatore and Vamban and disease reaction of éhetgpes was observed to be
similar in both the locations. The marker VMYR1 wasnomorphic and not linked
with YMD resistance genes. The other three markers, YR4, CYR1l and
SCARISSR 811 behaved as a dominant marker thatpeadrespective allele in the
susceptible genotypes and absent in resistant ymwtwith few deviation. Thus,
these three markers were found to be partiallyelihwith YMD resistance genes and
it could be used in the MAS only for the genotypd®se marker data coincides with
the disease reaction. The present study suggdsiedientification makers associated
with YMD resistance genes and specific to southamdsiral species (MYMV) is

highly important to develop YMD resistant varietiaggreengram.

Singhet al. (2014) Inheritance of MYMIV tolerance was detered in two sets

of recombinant inbred lines (RILs) of mungbean. TWe sets comprising 143 and 79
RILs each derived from the cross between PM5 x SaP B1 X Sub2, respectively
were considered for the study. Sub2 was a Sublat&taed lines whereas, B1 was a
popular small seeded cultivar of west Bengal, qudsde against MYMIV. It was
observed that one or two major genes with a fewiieosl played a significant role in
resistance mechanism against MYMIV in the lower @&dic alluvial zone. Resistance
alleles for Sub2 and PM5 are probably allelic aseoled from frequency distribution
pattern. A set of 177 SSRs were employed for ifleation of polymorphism between
parents. Only 37 SSRs showed polymorphism betweéltolsata and B1 or PM5. But
only eight SSRs were polymorphic between two hightding cultivars. Markers linked
with MYMIV tolerance like RGA, SCAR and others frogarlier studies were also
considered and found that only one RGA derived sraskowed polymorphism between

resistance and susceptible parents.

Narasimhanet al. (2016) found that revelation of only 2 markersnpe
associated genetically with MYMV in mungbean, bat m urdbean identified in this
study would be helpful in marker assisted breedihgative markers identified in this
study viz., RGH-1TG and MtB99 could be further daled using mapping
populations. The study also indicated that therkigh potential for the transfer of
RGHs from closely related species, circumventing thborious cloning and
screening procedures involved in characterizing R&H mungbean and urdbean.
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MATERIALS AND METHODS

The present study on “Studies on yield and str@ssance in greengram” was
undertaken to evaluate the performance of somengram genotypes for yield and
stress tolerance (MYMV, low temperature and droughhe field experiment was
conducted at the EB-II Section in the departmenPlaint Breeding and Genetics,
College of Agriculture, OUAT, Bhubaneswar duringbRaeason of 2014-15 and
2015-16 and laboratory work was taken up in S.Knh&i Molecular Breeding
Laboratory of the department. The first year matsriconsisted of 56 genotypes
(Table-1) of green gramV[gna radiata (L.) Wilczek] including selections from
local varieties (7), selections from crosses (H#lections from mutants (7) and

selections from breeding lines (27).

3.1  Field experiment

The field experiment was conducted maradomized block design (RBD) in 3
replications with 56 entries in first year of expeent. The trail was sown on
20.10.2014 and irrigated on the same day. Eachtgemavas represented by five
rows with a spacing of 30cm X 10 cm. Fertilizersrevapplied @ 20:40:20 kg of
N:P.0s5:K20 with 300 cft. of farm yard manure (FYM) per heetaAll the FYM,
Phosphatic, Potasic and half of the nitrogenoudlifzers were applied as basal dose
and rest half of the nitrogenous fertilizers weppleed at 21 days after sowing.
Hoeing and hand weeding were done at the time pfdiessing. The crop was
harvested duringanuary, 2015.

The materials for second year study comprisedenfed genotypes (Table-2)
which were selected from 56 genotypes. Out of elegenotypes three genotypes

from seven local land races and eight genotypes fast 49 genotypes were selected.

3.2  Sampling and recording of observations

Observations on ten quantitative traits were réedr Out of the 10 quantitative
traits, days to 50% flowering and maturity wereareed on the plot basis and for the
rest of eight characters, the observations wererded on ten randomly selected
competitive plants per plot in each replication aakrage was calculated. The

characters observed were as follows:
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Table 1: List of 56 greengram genotypes with thecode and source

Sl.

No Code Name of Genotype Source

1 |OPBGC-201¢-1  |Makarjholaloce Local variety of odish

2 |OPBGC-201¢-2 |Kalahand Local variety of odish

3 |OPBGC-201€¢-3 |Kendrapad Local variety of odish

4 |OPBGC-2016-4 |Ambagaol Local variety of odish

5 |OPBGC-201¢-5 |Bhawanipatn Local variety of odish

6 |OPBGC-201€-6 |Keonjhar / Local variety of odish

7 |OPBGC-201€¢-7 |Jharsuguc Local variety of odish

8 |OPBGC-201¢-8 |TARM-1 x LGCG-46( Crossed material from OU/
9 |OPBGC-201¢9 |OBGCG-52 X Par-M-4 Crossed material from OU/

0 |OPBGC(C-201¢-1C

Sujata X TARM1

Crossed material from OU/

OPBGG-201¢-11

Sujata x LG(-46(

Crossed material from OU/

OBGCG-52 X Kendrapad

Crossed material from OU/

12 |OPBGG-2016-12 Local
13 |OPBGCG-201¢-12 | TARM-1 X OUM-11-5 Crossed material from OU/
14 |OPBGC-201¢-14 |TARM-1X OUM-11-5 Crossed material from OU/

15 |OPBG(C-201¢-1E |OUM-11-5 x Kendrapac-A |Crossed material from OU/

16 |OPBGGC-201¢-1€ |LGG 460 X OUNMN-11-5 Crossed material from OU/

17 |OPBGGC-201¢-17 |OGCG-12 Crossed material froiOUAT

18 |OPBGCG-201¢-18 |OGG-12 Crosse material from OUA"

19 |OPBGGC-201¢-1¢ |OBGG- 177 Crossed material froiOUAT

20 |OPBGC-201€-2C |Sujata x TARM-1 Crossed material from OU/

21 |OPBGCG-201¢-21 [OUM-11-5 Crossed material froiOUAT

22 |OPBGC-201¢-22 |V2-22 Mutant of OPBG(-52 (NG 0.01%
23 |OPBGC-201¢-23 |V2-18 Mutant of OPBG(-52 (EMS 0.6%
24 |OPBG(G-201¢-24 |V1-9 Mutant of Sujat (Gammi- rays 6(0 kr)
25 |OPBGCG-201¢-28 |V1-2 Mutant of SujataGammi- rays 2(0 kr)
26 |OPBGC-201€-2€ |V2-11 Mutant olOPBGC-52 (EMS 0.2%
27 |OPBGGC-201¢-27 |V1-19 Mutant of Sujata (NG 0.005¢

28 |OPBGC(C-201¢-28 |V2-20 Mutant olOPBGC-52 (NG 0.005%
29 |OPBGC(G-201¢-2¢ |[OUM-62 Crossed material froiOUAT

30 |OPBGCG-201¢-3C |T-32-2-3 BARC Trombay

31 |OPBGCG-201¢-31 |T-43-1-3 BARC Trombay

32 |OPBGC-2016¢-32 |IPM-02-14 [IPR, Kanpul

33 |OPBGCG-201¢-323 |EC-69335¢ AVRDC, Hyderaba

34 |OPBGC-201¢€-34 |IPM-02-03 IIPR, Kanpu

35 |OPBGC-201¢-35  |IPM-99-12E IIPR, Kanpu

36 |OPBGC-201¢-3€ |ML-166¢ Ludian

37 |OPBGC-201¢-37 |PAU-911 Ludian

38 |OPBGCG-201¢-38 |VC-6173 AVRDC, Hyderaba

39 |OPBGC(C-201¢-3¢ |VC-636¢ AVRDC, Hyderaba

40 |OPBGCG-201¢-4C |KPS-1 AVRDC, Hyderaba

41 |OPBGCGC-201¢-41 (IPM-02-17 IIPR, Kanpu

42 |OPBGC-201¢-42 |KPS-2 AVRDC, Hyderaba

43 |OPBGC(C-201¢-43 |EC-69336¢ AVRDC, Hyderaba

44 |OPBGC(C-201¢-44 |ML-81¢€ Ludianz

45 |OPBGC-201¢-45 |[NM-94 Ludian

46 |OPBGC-201¢-4€ |ML-129¢ Ludianz

47 |OPBGC-201¢-47 |EC-69336¢ AVRDC, Hyderaba

48 |OPBGC-201¢-48 |PDM-13¢ GBP, Pantnag

49 |OPBGC-201¢-4S |[NM-92 AVRDC, Hyderaba

50 |OPBGC-201¢-5C |EC-69336: AVRDC, Hyderaba

51 |OPBGGC-201¢-51 |EC-69336° AVRDC, Hyderaba

52 |OPBGGC-201¢-52 |VC-69337( AVRDC, Hyderaba

53 |OPBGC(C-201¢-53 |VC-637: AVRDC, Hyderaba

54 |OPBGC-201¢-54 |EC-69335¢ AVRDC, Hyderabac

55 |OPBGGC-201¢-5E |[EC-69337¢ AVRDC, Hyderaba

56 |OPBGC-201¢-5€ |LGG-46C LAM, ANGRAU
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3.2.1 Days to 50% flowering Number of days from sowing to the day on which

about 50% of the plants in the plot started blognin

3.2.2 Days to maturity- Number of days from the date of sowing to thg déen
about 75% of the plants in the plot bearded matock

3.2.3 Plant height-Plant height was recorded at the time of matuotyhe nearest

centimetre (cm) from the base of the plaatground level to the tip of main shoot.

3.2.4 Primary branches per plant Number of Primary branches in the 10 randomly
selected plants per plot in each replication weoerded

3.2.5 Clusters per plant-Number of pod bearing bunches or cluster in the 10

randomly selected plants per plot in each replicatvere recorded.

3.2.6 Pods per plantNumber of seed bearing pods were recorded at ityatdithe
randomly chosen plants in each replication.

3.2.7 Pod lengthfen random pods of the sample plants were obseimedheir

length and the length measurement was expressmohiimeter.

3.2.8 Seeds per podNumber of seeds per pod in each of the randombctesl
plants were calculated by dividing total numbersekeds from the plant by total

number of pods of the plant.

3.2.9 100-seed weight (gWeight of 100 seed drawn from random sun dried $aenp
from each genotype in each replication was reconagdam.

3.2.10 Yield per plant (g) -Weight of all the seeds obtained from the 10 sample

plants was recorded and averaged.

Table 2: List of 11 genotypes with their respecti code

Sl. No Name of Genotype
OPBGG-2016-1
OPBGG-2016-5
OPBGG-2016-7
OPBGG-2016-9
OPBGG-2016-11
OPBGG-2016-32
OPBGG-2016-34
OPBGG-2016-35
OPBGG-2016-40
OPBGG-2016-48
OPBGG-2016-49

P
RIB|o|oN|o|o|swNe
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3.3 Statistical analysis

The replication wise mean values of individual cluaers of different
1983).

Observations of all the characters related to $&&ld were analyzed for variability

treatments were subjected to statistical analy§éen{iez and Gomez,

and other genetic parameters like character assmtigpath analysis and genetic

divergence studies.

3.3.1 Analysis of variance (ANOVA) and test of sigficance

Analysis of variance (ANOVA) for each character wasried out with plot
means for partitioning of the total variance intmponents, ascribable to replication,
genotypes and error. The test of significance ffedince among replications and
varieties for any character was done by ‘F’ tes$ie Test of significance of difference

among means of any two lines was tested by‘t’dest criticaldifference (CD at 5%).
The analysis of variance was done on the basiseofailowing model.

Yi=M+g+1+6
Where,
Y = phenotypic observation of th& genotype in'j replication
M = general mean
g = effect of the ' genotype
rj = effect of the ' replication
g = random error associated withgenotype and'jreplication

Table 3: ANOVA for R.B.D with expectations of mearsum of squares (EMS)

Mean |Expectations
Sum of
Sources off Degrees of sum of |of mean sum
. squares F- values
variation |freedom (d.f.) (SS) squares | of squares
(MSS) (EMS)
Replication|(r-1) (1/g) Zy;>-CF| MS o%e+qo?r MS/MSe
Genotype | (g-1) (1/r) Xyi>-CF | MSq o?e+10%g MSy/MSe
Error (r-1) (g-1) By subtraction MSe o%e
Total (rg-1) > 2y;-CF
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Where,

r = number of replications
g = number of genotypes
MS = mean square due to replications
MSy = mean square due to genotypes
MSe = mean square due to error
0% = environmental variance
0% = genotypic variance
0% = phenotypic variance
0% = MS
0-29 = MSg - MSe
r
Ozp = 0-29 + 02e

3.3.2 Estimation of variance components

The phenotypic, genotypic and environmental vagacamponents for different
characters were estimated from E.M.S. in the ANGAt&ording to Al-Jibouret al.
(1958) as follows:

Environmental variancea() = MS

MS, - MS,

Genotypic variancéagz) =
r

Phenotypic variancés?)= o2 +0?

Where, M3 and MS are mean squares due to genotype and error, tespgcand

‘r' is the number of replication.

3.3.3 Estimation of mean, range, standard error andritical differences

The different parameters of variability like meaange, standard error of mean
(SEm), standard error of difference (SEd) andaaitdifference (CD) were estimated

as follows:
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Mean values of each character was averaged outrepécations. The lowest

and the highest values for each character were takeange.

The significance of difference between means of &amg genotypes was
ascertained by using critical difference (CD), a#dted as follows:

. 207
Standard error of difference (SEd E
r

2072

Critical difference (CD) = ¢ x‘t at error d.f (5% level of significance)
r

Where, r = number of replications aa# = error mean sum of squares

3.3.4 Estimation of genotypic, phetypic and environmental coefficients of

variation

The phenotypic, genotypic and environmental vaearmomponents for
different characters were estimated from ANOVA gsthe expectations of mean

square following Al-Jibourét al. (1958).

Variability for different characters was estimatey the formula suggested by
Burton (1952) The phenotypic, genotypic and environmental coigffiits of variation
for different characters were estimated as follows:

o
PCV (Phenotypic coefficient of variation in per ten = 7p><100

o
GCV (Genotypic coefficient of variation in per cgnt = TQXlOO

ae
ECV (Environmental coefficient of variation in pegnt) = ?X1OO

Wherecp andog are phenotypic and genotypic standard deviatiosigeatively and(
is general mean for the character.
3.3.5 Heritability

Heritability (in broad sense) coefficients offdiient characters were estimated
using the component of variance suggested by Hagtsadn(1956).
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Heritability in broad sense was calculated as ¥adlo

Heritability (?) = os =

‘Q
T N[Qe N

h? (in %) = ©%/ 6%) x 100
Where,

0%y = genotypic variance
0%p= phenotypic variance

3.3.6 Estimation of genetic advance

The expected genetic advance (GA) or gain froracse@in among varieties

for different characters was calculated using tlewing Johnsoret al (1953):

GA:KXhXGg(:KXhZXGp)

Where,
K = Standardized selection deferentiaichhs 2.06 at 5% selection intensity.

h= Square root of heritability coefént in broad sense
K= heritability coefficient in broad sense
0g= Genotypic standard deviation

Op = phenotypic standard deviation

GA (as % of mean) =CA 100
Mear

3.3.7 Correlation studies

The phenotypic, genotypic and environmental cotiata were estimated to
examine the pattern of association between the ooerg characters.
3.3.7.1 Estimation of phenotypic and genotypic oelation

Utilizing the various components of variance, thenaypic and phenotypic

correlations were computed according to Al-Jibairael. (1958) as per the following

formula.

o,(xy)
g,(X)a,(y)

Phenotypic correlatiop) (r =
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o, (xy)

Genotypic correlatiog)(r = ————
a4 (x)Ty(y)

o.(xy)

Environmental correlatior)(r= ————
I.(X)(y)

Where,
Op (Xy) = phenotypic covariance between x and y

Op (X) andoyp (y) = phenotypic standard deviations of the cbi@s x

and y, respectively
0g(Xy) = genotypic covariance between x and y

0g (X) andag (y) = genotypic standard deviations of the chigmascx
and y, respectively

Oe (Xy) = environmental covariance between x and y

Oe (X) andoe(y) = environmental standard deviations of tharabters x

and y, respectively

Standard errors of the correlation coefficients evealculated using the

following formula.

1-r
SE®= V-2
1-r
SEO= Y(@g-2)

1-r

SE®= J«—D@—lrl

Significance of correlation co-efficient was testsct’-test at (g — 2) degrees of

freedom for g and p, and at {(r-1) (g-1)-1} degrees of freedom fer r

t= '
J@-r3)/(n-2)]
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Where,

g is the number of genotypes and r is the numbegglications
‘r' is the correlation co-efficient and ‘n’ is thmumber of genotypes.
3.3.8 Path coefficient analysis

The method of analysis by path coefficients respiia cause-and-effect
relationship among correlated variables. Path mefits are standardized partial
regression coefficients which individually providemeasure of the direct effect of a
causal factor on the effect variable. They perndttiponing of the correlations
between a causal factor and the effect variabte gotnponents of direct and indirect
effects and thus, give a better picture of the @asions of the causal factors with the
effect variable.

In the present investigation seed yield is takenthe ‘effect’ and 9 growth
component characters related to yield as ‘causetofsi. Path co-efficient are
obtained by solving simultaneous equations, whitveg the basic relationship
between correlations (Wright, 1921; Dewey and 1959).

Rio+ n2p2io+ n3apziot ... + I1.10 Po.10 = I1.10
l2.1P1.10t P10 + 2.3 310+ covenennnnn, +410P9.10= I2.10
f01Pr10+ ro2P210+ re3Ps10+ ....... + R.10=To.10

Where,

rj is the correlation co-efficient betweéeh and ' character andipo is the
path co efficient (direct effect) of'icharacter on yield (#Dcharacter).

The solutions for path coefficients, direct andiiect effects of the causal
factors were estimated as the values of the indaliterms of the above equation in
LHS.

The residual effect @ was calculated as follows:

1= Prpy+ Pv. Mpy
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3.3.9. Genetic divergence

Genetic divergence with regard to ten charactesss estimated by
Mahalanobis’ B-statistic following Rao (1952). fiGenetic divergence) between any
2 genotypes was estimated using the formula:

D§:Z Zp: Wij di dj

P
i=1 =1

Where,

Wi; is the inverse of the common dispersion matrixafhd d and ¢ are the
difference in the means of the two populationsfoand | characters.

As computation by this formula is laborious, thba@acter means were
transformed into sets of uncorrelated variablese Ttansformation was done by
pivotal condensation of the common dispersion mdbilowing Rao (1952). After
this transformation, the formula for genetic diveamnge becomes:

DﬁzZde.

Where,

di is the difference between the transformed mearengftwo populations for

i"character.

All possible Fs among the 56 genotypes were computed, the relative
contribution of individual characters to divergeneas assessed by (a) ranking of
components B as well as by (b) percentag®ntribution to total B over all

combinations.

3.3.9 Grouping of genotypes into different cluster
3.3.9.1. Tocher's method

Usually a cluster is defined as a group of ¢gmes such that any two
genotypes belonging to the same cluster shouldaroaverage, show a smallef D
then those belonging to two different clusters.ily@e device suggested by Tocher
(Rao, 1952) for construction of cluster is to staith two most closely related

populations (having the smallesf)Dand then find a third one which has smaller
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average Bfor the first two and so on. At certain stage, wihtds felt that after adding
a particular population, there is a disrupt inceeimsthe average Pthis population is
not added to the cluster. Similarly, construction28f, 39 and other clusters are

formed till all the genotypes are included in on¢h@ other cluster.

3.4.0 Drought analysis

The experiment on drought tolerance was laid o@RD (completely randomized
design) with two factors, comprising eleven greanggenotypes using four concentrations
of PEG (6000 MW), with (0% control, 2.5%, 5.0%,%.% in Hoagland Solution. 15 seeds
of each greengram genotype were placed on Pédirlided with moistened filter paper to
provide appropriate moisture stress during seethigation. Following drought stress,
observations on shoot length, root length, sh@shfiweight, root fresh weight, shoot dry
weight and root dry weight were recorded at 10 a@dtgs treatment. Data were analyzed
for ANOVA with genotypes and PEG concentrationiiss &nd second factor respectively
to assess the varietal sensitivity to differentewatress levels.

3.4.1 Formulation of Hoagland Solution:

The Hoagland solution is a hydroponic nutrient 8otu that was developed
by Hoagland and Arnon in 1938. It is one of the tmxpular solution compositions
for growing plants. The solution described by Haagl and Arnon in 1950 has been
modified several times, mainly to add iron chelatke original concentrations for
each element are shown below in table-4

Table 4: Formulation of Hoagland Solution

Component Stock solution mL stock solution/ 1L
macronutrients

Ca(NG).4H:0 1M 3ml
Mg(SQy)2.6H0 1M 2ml
KNO3 1M 2ml
KH2POy 1M 2ml
Micronutrients

H3BO3 2.5¢

MnCl2 1.59 1ml
ZnCl 0.1g

CuChb 0.05g

HMoOz3 0.05¢g

Iron source

FeCb 5.0g

Tartaric acid 5.0g 1ml
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3.4.2 Observations recorded

Shoot length (cm): Shoot lengths were measured for randomly selgetechormal

seedlings and then mean length was calculated.

Root length (cm): Root lengths were also measured for same ten haamdomly

selected seedlings and then mean length was ciadula

Shoot Fresh weight (g):Fresh shoot weight of above mentioned randomlgcsed

ten normal seedlings was recorded on precisiombala grams.

Root Fresh weight (g):Fresh root weight of above mentioned randomlycseteten

normal seedlings was recorded on precision balsngeams.

Shoot dry weight (g): The selected seedlings were oven dried and thet shy

weights were recorded on precision balance in grams

Root dry weight (g: The selected seedlings were oven dried andrabé dry

weights were recorded on precision balance in grams

Tolerance index(TI): It is the ratio of dry weight of seedlings stress (g) to the dry

weight of seedlings in control (g).

3.5 Cold analysis

Response to cold exposure was studielgrucontrolled condition in the S.K.
Sinha Molecular breeding laboratory where the ggest were exposed to %5
temperature for 10 days, 20 days stage of growsiudy their viability. In field, three
sets of 11 genotypes were sown in plastic glads thiee replications. Ten days after
sowing the first set was taken into plant groaltamber (Fig.1 and 2). Observations of
number of genotypes that wilted everyday and daysitvival under 1% plant growth
chamber was recorded. After recording the obsematin incubated condition, the
genotypes were exposed to field condition and tkeiwvival in field condition was
recorded every day. Then total survival day (plgradwth chamber and field) was
calculated for screening of genotype tolerancentd.Second set was taken into plant
growth chamber 20 days after sowing respectivety @servations were taken in the
similar way to first set and then field exposuresvamne. In field condition, all the
three set of treatments were compared with coatrdlobservations were taken every

day for survival.
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FIG 2. Exposure of seedlings to cold stress in plagrowth chamber
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3.6. Molecular analysis
3.6.1 Plant materials

The eleven greengram genotypes selected from B6tymes were taken for
molecular analysis. Seedlings were grown in pot$ faesh and young leaf samples
were collected from 5- 20 days old seedlings ferigolation of genomic DNA.

3.6.2 Isolation of genomic DNA

Genomic DNA was isolated from tender ygpueaves of 15 days old which
were harvested freshly before sunrise and washaeuphly with cold autoclaved,
distilled water and then blotted to dry. About tyyoams of young leaves were
excised from the upper tip portion and DNA was astied on the same day of
collection. Total genomic DNA from the leaves wiaslated by using standard
CTAB (cetyl trimethyl ammonium bromide) method (D®yand Doyle, 1990). Two
grams of fresh leaves of each variety were takeh gmound to fine powder with
liquid nitrogen in a mortar and pestle. The solitizas then transferred to a sterile 50
ml centrifuge tube, containing preheated 10 ml &BD(DNA extraction buffer-100
mM Tris-HCL pH 8.3, 20 mM EDTA (pH 8.0), 2 % CTAE M NaCl, 0.2 %
mercaptoethanol) which was preheated at 65°C ienth. Each sample was mixed
thoroughly and was incubated in water bath at 86fCL hour by occasional gentle
shaking. After cooling, equal volume of 24:| chltmon: isoamyl alcohol (v/v) was
added and mixed gently. The centrifugation wasi@arout at 10,000 rpm for 20 min
at 25°C. The upper supernatant was carefully tearesdt into another centrifuge tube.
Then same volume of pre-chilled isopropanol wasddd precipitate the DNA. The
DNA was precipitated into another micro-centrifugge and washed with 70 %
ethanol twice and kept for air-drying at room tenapere. The air dried crude DNA
was then dissolved in sufficient amount @bH: (Tris |0 mM-1 mM EDTA, pH 8.0)
buffer. After DNA isolation, the quality of DNA washecked by gel electrophoresis
in 0.8% gel. In the well, 4ul of bromophenol bluedadpl of DNA sample were
loaded and run at 70v for 20-25 min. After that| geas checked in Gel
documentation System. The band which appeared theawell was identified as
DNA and the band which appeared distant to the wal identified as RNA and

these corresponding sample required purification.

34



3.6.3 Purification of DNA

The dissolved DNA is the crude DNA and requireghfer purification. The
RNA was removed by giving RNase treatment. QuantfitgNase was added to DNA
depending on the quantity of RNA present in the @amQuantity of RNase treated
varies from 3 ul - 30 ul. and it is known after gah. The solution was incubated in
water bath at 37°C for 1 hour. After 1 hour it wasoved from the water bath and
equal volume of phenol about 500 pl was added amddrgently for about 10 min.
The solution was then centrifuged in 10,000 rpmX0rminutes with a medium speed
centrifuge and upper agueous phase was pipettetd amother centrifuge tube. After
that equal volume of chloroform-isoamylalcohol 4was added to sample and
shaken for 10 min as phenol treatment and cengifog was also done for 10 min at
10,000 rpm. For further purification, the DNA satut was washed with
phenol:.chloroform: isoamylalcohol (25:24:1). Thepgp aqueous phase was separated
after centrifugation as per the procedure describadier and mixed with 1/10th
volume of 3M sodium acetate (pH 4.8). DNA was jpiated by adding equal
volume of chilled isopropanol and pelleted by spignat 10, 000 rpm for 10 min.
The pellet was washed twice with 70 % ethanol céisefand dried under air. The

dried DNA was dissolved in minimum amount QtH: buffer (pH 8.0).

3.6.4 Test for quantity of the purified DNA:

The quality as well as quantity of DNA was alsoedked by Uv-vis
spectrophotometer (Jasco V 350, Japan). The absmwtza 260 nm wave length gave
the quantity of the total DNA and the ratio of taksorbance at 260 and 280 nm
indicated the quality of the purified DNA. The DN#as loaded in 2 % agarose gel
alongside diluted uncut lambda DNA as standarcethe@ck the quality and quantity
and it was observed that the DNA from all the sasplere qualitatively good. The
guantification was done in comparison with the knastandard. After quantification,
the DNA was diluted in 1bE; buffer to a working concentration of 25 mg/pl RCR
analysis.

3.6.5 PCR (Polymerase chain reaction) analysis
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For PCR 2 selected primers (MERCK SPECIALITIES PRTE LIMITED)
like SCAR (sequence characterized amplified regian)l RGA (Resistance gene
analog) were used for PCR amplification. Each aficplion reaction mixture of 25
pl contain 2ul primer (each forward and reversBpDdNTP, 0.5ul of 3 unit Taq
DNA polymerase, 2.5ul Taq buffer, 17.5ul PCR waded 2ul of DNA sample.
Amplification condition were 1 cycle at 92 for 5 min., 45 cycles at 98 for 1 min,
60°C for 1 min., and 7%C for 2 min. followed by 1 cycle of 12 min. at °r2
Amplification products were electrophoresed on 1d&gdarose gel.

Table 5: List of primers used in PCR

Primers Base sequences % GC
RGA22F2 GGGTGGTTTGGGTAAGACCAC 57.1
RGA24R2 TTCGCGGTGTGTGAAAAGTCT 47.6
YMV1-F GAGAGAGAGAGAGAGACAAAG 47.6
YMV1-R GAGAGAGAGAGAGAGACAGGA 52.4

3.6.6 Agarose Gel Electrophoresis

The amplicons were separated in [.5% agaroselgede grams of agarose was
added to 200ml 1XTBE buffer boiled for complete timgl of agarose, then cooled to
50°C. Ethidium bromide (EtBr) (2ul/50ml of gel ston) was added to the gel and
casted on the gel-casting tray. 33 well comb wasl der formation of quality gels.
After complete gelling, the gel was transferredhte submarine gel tank containing
IX TBE buffer. Prior to loading the samples the dowas removed. In the submerged
gel 25ul of the PCR samples were loaded in eachalig with a single well loaded
with standard DNA ladder (100 bp-3kb DNA ladder)heT electrophoresis was

performed in a constant voltage atv8fr 3 hours. The run was stopped when

bromophenol blue dye has travelled 2/3 lengtkthefgel. The gels were placed on
the Gel doc system (UVITECH, Cambridge, UK ) andwwhotographed under U.V.
light and was used for scoring the bands. The sizéise amplicons were determined

by comparing them with that of the ladder.
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RESULTS

During the course of research on the projecitledt“Studies on yield and
stress tolerance in greengram”, observation on giedd per plant and its component
characters were recorded. The mean values of #ies studied were statistically
analyzed to study the variability, heritability agdnetic gain for selection and their
association with yield as well as among themselVés. direct and indirect effect of
these traits on seed yield, the nature and extemjepetic divergence among 56
genotypes were also studied. The salient findirgysesealed from the investigation

are given below:

4. A.1 Analysis of variance

The variance (mean square values) between gessftgp 10 characters such
as days to 50% flowering, days to maturity, plagight (cm), primary branches per
plant, clusters per plant, pods per plant, podtlengeeds per pod, 100 seed weight
and yield per plant are presented in the Table &.ddta revealed the existence of
significant difference among the genotypes for tferacters studied. All the
characters are significant at 1% level.

4. A.2 Mean performance and co-efficient of variabn

The mean performance, standard error of varia(®4&.) and critical

difference values are presented in Table 7.

4. A.2.1 Days to 50% flowering

A significant variability ranging from 31.38ays to 38.6 days was noticed
with respect to days to 50% flowering. Among thedehotypes, OPBGG-2016-13
and OPBGG-2016-21 are the early flowering genoty{@ds33) whereas OPBGG-
2016-4 and OPBGG-2016-19 was found to be late flmgegenotypes (38.66).

4. A.2.2 Days to maturity

Among the 56 genotypes, genotypes OPBGG-2@16adPBGG-2016-26,
OPBGG-2016-43 and OPBGG-46 were found to be thkesamaturing genotype
(61.00 days) and the highest late maturity (70.8&2s¥iwas observed in the genotype
OPBGG-2016-11.
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4. A.2.3 Plant height (cm)

A significant moderate variability ranging from.86 cm to 53.00 cm was
noticed with respect to plant height. The plantgheiwas maximum for genotype
OPBGG-2016-10 and the minimum height was obsemw&HBGG-2016-43.

4. A.2.4 Primary branches per plant

OPBGG-2016-39 and OPBGG-2016-45 Head lbwest number of primary
branches per plant (0.00) and the highest no.iofgry branches (2.73) was recorded
in OPBGG-2016-14.

4. A.2.5 Clusters per plant
A medium range of variation was observed in caseuofiber of clusters per

plant among the genotypes. The highest value (6vé) recorded in genotype
OPBGG-2016-47. The genotype which showed the lowksters per plant (2.00)
was OPBGG-2016-55.
4. A.2.6 Pods per plant

Wide range of variability was found ¢ase of pods per plant. The highest
value (19.66) was found in case of OPBGG-2016-1ie Towest value (9.00) for
pods per plant was recorded for OPBGG-2016-19.

4. A.2.7 Pod length (cm)

The highest value (10.00) for podgt was recorded in case of genotype
OPBGG-2016- 54 while the lowest value (5.00) wamréed in genotypes OPBGG-
2016-7, OPBGG-2016-8 and OPBGG-2016-11.

4. A.2.8 Seeds per pod

A moderate range of variation waseobsd in case of seeds per pod.
Maximum value (12.66) was recorded in genotype OBEXB16- 56. However
lowest value (9.00) for seeds per pod was fourzhse of genotype OPBGG-2016-8.
4. A.2.9 100 Seed weight (gm.)

A wide variability ranging from 2.18 4.68 was recorded for this trait in the
56 genotypes. OPBGG-2016-43 exhibited the maximu@ &eed weight (4.68)
whereas the lowest value (2.13) was recorded fB@@F-2016-52.
4. A.2.10 Yield per plant (gm.)

A significant amount of variabilityas recorded for this trait. Maximum

value (6.16) for this trait was found in OPBGG-268% Minimum value (1.82) for
yield per plant was recorded in OPBGG-2016-19.
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Table 6: Analysis of variance for ten charactersn greengram

Sl.

NoO Character Source d.f S.S M.S F value
Replication 2 5.57 2.78 10.08**
Days to 50%
1 flowering Genotype 55 565.95 10.29 37.20**
Error 110 30.42 0.27
Replication 2 1.17 0.58 2.24
Days to
2 maturity Genotype 55 582.25 10.58 40.40**
Error 110 28.82 0.26
Replication 2 36.99 18.49 1.94
3 | Plant height | Genotype 55 4773.32 86.78 9.10**
Error 110 1048.33| 9.53
Replication 2 1.79 0.89 2.27
4 | Clusters Genotype 55 120.51 | 2.19 5.53%*
Per plant
Error 110 43.53 0.39
Primary Replication 2 0.11 0.05 0.53
5 | branches Genotype 55 76.21 1.38 13.08**
Per Plant Error 110 | 11.64 | 0.10
Replication 2 0.14 0.07 0.04
6 | Pods per plant| Genotype 55 1095.31 19.91 13.10**
Error 110 167.18 151
Replication 2 0.51 0.25 0.72
7 | Podlength | Genotype 55 | 181.51| 3.30 9.35*
Error 110 38.82 0.35
Replication 2 0.58 0.29 0.64
8 | Seeds per podGenotype 55 107.61 | 1.95 4.35*
Error 110 49.41 0.44
Replication 2 0.00 0.00 0.06
100 seed
9 | weight Genotype 55 | 59.53 | 1.08 42.95**
Error 110 2.77 0.02
Replication 2 0.06 0.03 0.12
10 | Yield per plant| Genotype 55 | 130.54| 2.37 9.74%*
Error 110 26.79 0.24
* Significant at 5 % level, ** Significantat 1 %  level
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Table 7: Mean performance of the 56 green gram getypes for ten characters

Primary :

Sl Days to 50%| Days to Plant Clusters/ Pods/ Seeds /| 100seed Yield
No Genotypes flgwering mat)lljrity height plant brg?;r?tes/ plant Pod length pod weight /plant
1 |OBPGG-2016-1 34.6¢ 64.6¢ 42.0( 4.0C 1.0C 15.3: 6.0( 10.0( 3.2¢ 3.5¢€
2 |OPBGC-201¢-2 35.6¢ 66.0( 35.6¢ 3.0C 1.6C 11.3¢ 6.0( 10.6¢ 2.81 2.5E
3 |OPBGC-201¢-3 36.6 65.6¢ 41.0( 4.0C 1.3¢ 11.0( 5.6€ 10.6¢ 2.8¢ 3.21
4 |OPBGC-201¢-4 38.6¢ 68.6¢ 31.6¢ 3.0C 0.9 10.0( 6.0( 10.3: 2.41 2.65
5 |OPBGC-201¢5 34.6¢ 64.6¢ 40.0( 4.0C 1.6C 13.0( 6.0C 10.6¢ 2.84 3.6t
6 |OPBGC-201¢-6 35.6¢ 65.6¢ 38.6¢ 4.6€ 1.7¢ 12.6¢ 6.0( 11.6¢ 2.5¢ 2.8¢
7 |OPBGC-201¢-7 35.3¢ 66.3¢ 31.0( 3.6€ 1.0C 14.0( 5.0C 10.6¢ 3.5¢ 3.94
8 |OPBGC-201¢-8 35.0( 63.6¢€ 41.0( 4.0C 2.0C 13.3: 5.0 9.0( 3.6¢ 3.4%
9 |OPBGC(C-201¢9 36.0( 62.6¢ 40.6¢ 4.6€ 2.0C 16.0( 6.0C 10.0( 3.1¢ 5.0z
10 |OPBGC-201¢-10 35.3¢ 64.0( 53.0( 5.3% 1.4¢ 15.6¢ 6.6€ 10.6¢ 3.4€ 4.3¢€
11 |OPBGC-201¢-11 38.0( 70.0( 47.0( 6.0C 1.0C 19.6¢ 5.0C 9.6¢€ 3.71 5.21]
12 |OPBGC-201¢-12 33.6¢ 62.0( 47.0( 3.3 1.0C 12.0( 6.0( 11.6¢ 3.71 3.6¢
13 |OPBGC-201¢-13 31.3¢ 61.0( 44.0( 4.6€ 1.0C 15.0( 6.6€ 11.0( 3.8¢ 4.6
14 |OPBGC-201¢-14 38.0( 65.0( 44.3: 4.6€ 2.7% 15.6¢ 7.0C 12.0( 2.41 3.7¢
15 |OPBGC-201¢-15 33.6¢ 62.3¢ 40.6¢ 5.6€ 2.5% 16.0( 6.0C 10.0( 3.28 3.7¢
16 |OPBGC-201¢-16 37.0( 65.0( 38.6¢ 5.0C 2.0C 14.0( 6.6€ 10.6¢ 3.7t 4.17
17 |OPBGC-201¢-17 36.6¢ 65.0( 47.0( 4.3% 1.0C 12.3: 6.0C 10.6¢ 3.3¢ 3.1(
18 |OPBGC-201¢-18 35.6¢ 65.0( 48.0( 3.6€ 1.0C 14.0( 7.0C 11.6¢ 3.04 3.5¢€
19 |OPBGC-201¢-19 38.6¢ 65.0( 34.0( 3.0C 1.7¢ 9.0C 6.0C 10.0( 2.5¢ 1.82
20 |OPBGC-201¢-2C 32.3¢ 61.3¢ 45.6¢ 5.0C 1.0C 17.3: 6.0C 11.0( 3.3% 4.5¢
21 |OPBGC-201¢-21 31.3¢ 61.3¢ 38.0( 4.6€ 0.8¢ 14.3: 6.0C 10.6¢ 3.32 3.94
22 |OPBGC-201¢-22 35.0( 65.0( 47.0( 5.6€ 1.0C 15.6¢ 6.0C 9.6€ 3.02 4.1
23 |OPBGC-201€-23 34.0( 62.3¢ 45.0( 5.0( 1.0C 14.3: 6.0( 11.6¢ 3.1( 3.8¢
24 |OPBGC-201¢-24 35.6¢ 65.0( 44.6¢ 6.0C 2.0C 18.6¢ 5.6€ 10.0( 3.3¢ 4.4¢
25 |OPBGC-201¢-25 36.6¢ 64.0( 38.0( 4.6€ 2.0C 17.6¢ 5.3% 10.3: 2.9¢ 4.3i
26 |OPBGC-201¢-26 32.6¢ 61.0( 39.0( 4.6€ 1.0C 15.0( 6.0C 11.0( 3.22 3.9¢
27 |OPBGC-201¢-27 33.6¢ 62.6¢ 49.0( 4.3 1.7¢ 15.0( 6.0( 11.3¢ 3.1¢€ 4.32
28 |OPBGC-201¢-28 37.6¢ 64.6¢ 51.6¢ 5.0C 2.0C 13.6¢ 5.6€ 10.6¢ 3.1¢ 3.4(
29 |OPBGC-201¢-29 34.6¢ 62.3¢ 49.0( 3.6€ 2.6€ 14.0( 7.0C 11.6¢ 2.94 3.42
30 |OPBGC-201€¢-3C 35.3¢ 63.0( 44.0( 4.6€ 2.0C 17.0( 6.0C 11.0( 3.1 4.3%
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Primary

Sl. Days to 50%| Days to Plant Clusters/ Pods/ Seeds /| 100seed Yield
No Genotypes flt))/wering mat)L/Jrity height plant brg?;r?tes/ plant Pod length pod weight /plant
31 |OPBGC-201¢€-31 33.6¢ 62.0( 39.0( 5.0C 2.0C 18.0( 6.6¢€ 11.0¢ 2.84 4.45
32 |OPBGC-201¢-32 33.6¢ 62.3¢ 39.0( 5.0C 1.0C 17.3¢ 7.0C 10.3¢ 4.2 5.6
33 |OPBGC-201¢€-33 33.0( 62.3¢ 42.0( 3.6¢€ 1.6¢€ 9.6¢€ 9.0C 11.6¢ 4.4z 4.1¢
34 |OPBGC-201¢-34 34.0( 65.0( 36.6¢ 5.0C 1.0¢ 18.6¢ 6.6€ 11.0( 4.0 6.1¢€
35 |OPBGC-201¢€-35 35.6¢ 62.3¢ 38.6¢ 4.0C 0.1: 15.3¢ 6.6€ 12.0( 3.6¢5 5.07
36 |OPBGC-201€¢-36 36.0C 64.6¢ 41.6¢ 4.6€ 2.0C 16.6¢ 6.0C 10.0( 3.3¢ 4.3¢
37 |OPBGC-201¢€-37 34.0( 64.0( 38.0( 4.6¢ 1.6 14.3¢ 7.0C 12.3¢ 3.1Z 3.9¢
38 |OPBGC-201¢-38 35.6¢ 63.3¢ 48.0( 4.6€ 0.0¢ 13.6¢ 7.6€ 12.0( 3.71 4.3t
38 |OPBGC-201¢€-39 32.6¢ 62.0( 36.0( 3.6¢€ 0.0C 14.0( 7.0C 11.6¢ 3.64 4.34
40 |OPBGC-201€-4C 33.6¢ 62.0( 45.0( 4.6€ 0.8¢ 16.6¢ 7.0C 12.0( 3.3¢ 5.0¢
41 |OPBGC-201¢-41 35.0( 63.6¢ 49.6¢ 3.6¢€ 1.6C 11.6¢ 7.0C 12.0( 4.67 4.7(¢
42 |OPBGC-201€-42 32.6¢ 62.0( 43.6¢ 4.0C 0.0¢ 12.0( 8.6€ 12.0( 3.6€ 3.5¢
43 |OPBGC-201¢-43 32.0( 61.0( 30.6¢ 4.0C 0.0¢ 12.6¢ 9.3t 11.0¢ 4.6¢ 4.3t
44 |OPBGC-201¢-44 34.0( 62.6¢ 49.0( 4.6€ 1.6C 13.3¢ 7.6€ 11.3¢ 4.2¢ 4.7¢
45 |OPBGC-201¢-45 32.6¢ 62.3¢ 35.6¢ 3.6¢€ 0.0C 10.0¢ 7.6€ 10.6¢ 4.4¢ 3.6¢5
46 |OPBGC-201€-46 32.0C 61.0( 42.0( 4.6¢€ 0.6€ 15.3¢ 6.6€ 11.0( 3.3¢ 4.5¢
47 |OPBGC-201¢-47 35.0( 64.0( 46.0( 6.6€ 2.5¢ 12.0( 7.0C 11.3¢ 3.64 3.8¢
48 |OPBGC-201¢-48 31.6¢ 61.3¢ 39.6¢ 5.0C 1.0C 19.0( 6.6€ 11.6¢ 3.1¢€ 5.0C
49 |OPBGC-201€-49 31.6¢ 61.3¢ 42.6¢ 4.6€ 2.0¢ 16.67 8.0C 12.3¢ 3.2¢ 5.1%
50 |OPBGC-201¢€-50 35.6¢ 64.3¢ 38.6¢ 3.0C 1.0C 11.0¢ 6.0C 10.6¢ 2.2F 1.9¢
51 |OPBGC-201¢-51 35.6¢ 64.0( 45.0( 5.3¢ 1.6C 16.3¢ 6.6€ 12.3¢ 2.32 3.4
52 |OPBGC-201¢€-52 36.0( 63.6¢ 35.6¢ 3.6¢€ 1.0C 12.6¢ 6.6€ 12.0¢ 2.1¢ 2.5t
53 |OPBGC-201€-53 36.6¢ 66.3¢ 45.6¢ 4.0C 1.4¢ 10.6¢ 9.0C 11.6¢ 3.0¢ 2.8C
54 |OPBGC-201¢€-54 33.6¢ 63.3¢ 34.0( 4.0C 1.6 17.0C 10.C 11.0¢ 2.5C 3.6¢
55 |OPBGC-201€-55 35.6¢ 65.0( 32.0( 2.0C 2.0C 13.6¢ 6.6€ 10.3¢ 2.32 2.62
56 |OPBGC-201¢€-56 35.6¢ 63.3¢ 38.6¢ 3.6¢€ 1.0C 11.0¢ 7.0C 12.6¢ 2.81 2.61

MEAN 34.7¢ 63.64 41.5¢ 4.3¢ 1.3¢ 14.3- 6.6% 11.0¢ 3.2¢ 3.94

SE 0.42¢ 0.41¢ 2.52] 0.51¢ 0.26¢ 1.00: 0.48¢ 0.54, 0.13( 0.40:

CD 0.851 0.82¢ 4.99¢ 1.01¢ 0.52 1.99¢ 0.961 1.08¢ 0.25i 0.79¢

PV 3.61¢ 3.70:¢ 35.28: 0.99¢ 0.53: 7.65z2 1.33¢ 0.952 0.37¢ 0.95¢

GV 3.33¢ 3.441 25.75: 0.59¢ 0.425 6.132 0.98: 0.50z 0.352 0.71(C
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4. A.3 Genetic Variability
4. A.3.1 Co-efficient of variance (C.V.)

The co-efficient of variation withsggect to different characters are presented
in Table 8 which ranged from 0.65 to 19.28. Thehbgj variation (19.28) was
recorded for primary branches per plant followedchysters per plant (11.6). The
lowest variation was recorded in days to maturity6$) followed by days to 50%
flowering (1.23). Therefore, basiran the C.V. value, the characters can be grouped
into three classes such as

I. Low variability (C.V = 5% or less)
il. Moderate variability (C.V. = 5-10%)
iii. High variability (C.V. =>10%)

The traits like primary branches péant, clusters per plant and pods per
plant showed high variability. On the contrary, tregts like plant height, pod length,
seeds per pod, 100 seed weight and yield per plewed moderate variability. The
traits like days to 50% flowering, days to matuatyd exhibited low variability.

4. A.3.2 Estimation of genetic parameters

The estimates of genetic parametersh sas genotypic variance and
phenotypic variance are presented in table 7 aed tiespective co-efficient of
variation, broad sense heritability and their gengéin for selection are presented in
table 8.

The genotypic variance ranged from Z@&ldays to maturity to 48.38 for
primary branches per plant. The phenotypic variameged from 3.02 for days to
maturity to 54.05 for primary branches per plantgeneral, all the traits exhibited
parallel values between those two variances sholewer value in the former than

later.

The perusal of data in table 8 revedlwst the phenotypic coefficient of
variation (PCV) was higher than genotypic coefintief variation (GCV) for all the
traits studied. The PCV was highest (54.05) fomary branches per plant while the
traits like days to maturity (3.02) and days to 5@&tvering (5.46) exhibited the
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lowest value of PCV. However, the traits like pquos plant (19.31) and 100 seed
weight (18.68) exhibited medium value.

More or less similar trend was obseriredhe estimates of GCV for all the
traits with primary branches per plant having tihghbst value (48.38) followed by
test weight (18.04) while the days to maturity éxied the lowest value (2.91)
followed by days to 50% flowering(5.25). However deoate values of GCV were
obtained for traits like clusters (17.63), pods jpéant (17.29) and plant height
(12.20).

Table 8: Genetic parameters of 10 characters in Sgreengram genotypes

GA
Character CV |GCV | PCV | h? 0
Mean Range %) | () (%) (%) GA r(n /; ;::)

Days to 50%
flowering

Days to maturity| 63.64 61.00-70,00.65| 2.91| 3.02| 92.00 3.6/ 5.78
Plant height(cm)| 41.58 30.66-53/06.06 | 12.2Q 14.28| 72.00 8.92 21.47

Cluster per plant 438 2.00-6.6 11,6D7.63| 22.72| 60.00 1.23 28.18

Primary
branches/plan t

Pods per plant 14.32 9.00-19.661.20| 17.29| 19.31| 80.00, 4.56 31.88
Pod length 6.63| 5.00-10.007.31 | 14.93 17.41| 73.00 1.74 26.38
seeds per pod 11.04 9.00-12/66.10| 6.41| 8.83] 52.00 1.05 9.60
100 seed weight 3.29 2.13-4.68 3.0 18.08.68| 93.00, 1.18 35.91
Yield per plant 3.94| 1.82-6.16 10.2@1.37| 24.77| 74.00, 1.49 37.99

34.76 | 31.33-38.661.23 | 5.25| 5.46| 92.00 3.61 10.4(

1.35 | 0.00-2.73] 19.2048.38| 54.05| 80.00 1.2Q 89.21

4. A.3.3 Heritability

Heritability denotes the proportioh ghenotypic variance that is due to
genotype, i.e., heritable. Heritability (broad ss®nestimates as presented in table 8
ranged from the lowest for seeds per pod (52.0@4)ighest forl00 seed weight
(93.00) followed by flowering and maturity (92.00%jod per plant (80.00%) and
branches (80.00%), yield per plant (74.00%), phaght (72.00), clusters (60.00).

4. A.3.4 Genetic advance
The genetic advance varied from lowest (1.0&) seeds per pod followed by 100

seed weight (1.18), primary branches (1.20), ciagper plant (1.23), yield per plant
(1.49), pod length (1.74), days to 50 % flowerirgj6Q) followed by days to
maturity(3.67), pods per plant (4.56), to high&®2) for plant height..
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4. A.4 Character association

Estimates of Phenotypic and Genotypacrelation co-efficient of all

pairs of 10 characters related to yield are presknt table 9.
4. A.4.1 Phenotypic correlation

The phenotypic correlationp)(among the 10 traits in the 56 genotypes
ranged from the lowest (-0.397) between days to Sering and 100 seed
weight to the highest (0.772) between days to S@dring and maturity

Yield per plant was positively andrafgcantly associated with traits like
pods per plant (0.699), 100 seed weight (0.574)steks/ plant (0.490), at 1%
level of significance. Plant height (0.206), sequs pod (0.121), pod length
(0.079) showed positive correlation with yield. Bugld was negatively correlated
with branches (-0.052), maturity (-0.300), and diey50 % flowering (-0.380).

Days to 50% flowering was positivelgdasignificantly correlated with
days to maturity (0.772), at 1% level of significan primary branches (0.292) at
5% level of significance. It was positively corredd with plant height (0.023). But
it was negatively correlated with 100 seed weigit.397), yield per plant (-
0.380), pod length (-0.38), seed per pod (-0.1p6Ys/ plant (-0.180) and cluster/
plant (-0.080).

Days to maturity was positively coatd with primary branches per
plant (0.176). It was negatively correlated witlusters per plant (-0.047), plant
height (-0.061), pods per plant (-0.116), seedspoet (-0.288), yield per plant (-
0.300), 100 seed weight (-0.303) and pod lengt80®).

Plant height was positively and sigrahtly correlated with clusters/ plant
(0.373) at 1% level of significance and positivelyrrelated with yield per plant
(0.206), seeds per pod (0.200), 100 seed weighi61Q, primary branches per
plant (0.158), and pods per plant (0.139). It wagatively correlated with pod
length (-0.014).

Cluster per plant was positively andngigantly correlated with pods per
plant (0.571) and vyield per plant (0.490) at 1%elewof significance. It was
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positively correlated with primary branches (0.1&®d 100 seed weight (0.177).
It was negatively correlated with seeds per podd@9) and pod length (-0.134).

Primary branches per plant was posiyivarrelated with pods per plant
(0.166) and negatively correlated with yield pearml (-0.052), seeds per pod (-
0.123), pod length (-0.128) and 100 seed weigh204).

Pods per plant were positively and digantly correlated with yield per
plant (0.699) at 1% level of significance. It wassjively correlated with 100
seed weight (0.010) and negatively correlated wébds per pod (-0.093) and pod
length (-0.158).

Pod length was positively and signifidgntorrelated with seeds per pod
(0.432) at 1% level of significance and positivetith 100 seed weight (0.235)
and yield per plant (0.079).

Seeds per pod were positively correlatdtth yield per plant (0.121) and
negatively correlated with 100 seed weight (-0.01ZD0 seed weight was
positively and significantly correlated with yiefger plant (0.577) at 1% level of

significance.

4. A.4.2 Genotypic correlation

The genotypic correlationg)(among the 10 traits in the 56 genotypes
ranged from the lowest (-0.467) between daysQ% Slowering and 100 seed
weight to the highest (0.838) between days to 5@dring and days to maturity.

Yield per plant was positively and significantlyroelated with pods per
plant (0.706), 100 seed weight (0.639) and clugpersplant (0.613) at 1% level of
significance and positively correlated with plaeidght (0.248), pod length (0.068)
It was negatively correlated with seeds per podO@8), primary branches per
plant (-0.152) days to maturity (-0.367), and day50% flowering (-0.467)

Days to 50% flowering was positivelydasignificantly correlated with days
to maturity (0.838) at 1% level of significance dm@nches (0.356) at 5% level of
significance and positively correlated with plardight (0.064), It was negatively
correlated with clusters per plant (-0.128), pods plant (-0.221) seeds per pod (-
0.282), pod length (-0.382), 100 seed weight (-B)48d yield per plant (-0.467).
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Days to 50% maturity was positivelgrrelated with primary branches
per plant (0.204), and negatively correlated witdnp height (-0.059), clusters per
plant (-0.086), pods per plant (-0.147), 100 seexigit (-0.318 pod length (-
0.361), yield per plant (-0.367) and seeds per(p086).

Plant height was positively and sigmintly correlated with clusters per
plant (0.509) at 1% level of significance. It wagsfiively correlated with yield
per plant (0.248) and primary branches (0.232), 468d weight (0.191), pods per
plant (0.172), and seeds per pod (0.141). It wagatreely correlated with pod
length (-0.096).

Number of clusters per plant was positively aighificantly correlated
with pods per plant (0.656), and yield per plan6{3) at 1% level of significance.
It was positively correlated with primary branch@x249), 100 seed weight
(0.221) and negatively correlated with seeds peat 6.103) and pod length (-
0.154).

Primary branches per plant was pasi correlated with pods per plant
(0.148) and negatively correlated with yield peaml (-0.152), seeds per pod (-
0.218), pod length (-0.248) and 100 seed weighB848).

Pods per plant was positively and significantlyretated with yield per
plant (0.706) at 1 % level of significance and pigsly correlated with 100 seed
weight (0.004). It was negatively correlated wigeds per pod (-0.189) and pod
length (-0.223).

Pod length was positively and sigrafitly correlated with seeds per pod
(0.562) at 1% level of significance and 100 seedgime(0.271) at 5% level of
significance and positively correlated with yieldrgplant (0.068). Seeds per pod
were negatively correlated with seed weight (-0)0&0d yield per plant (-0.038).
Seed weight was positively and significantly coated with yield per plant

(0.639) at 1% level of significance.
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Table 9: Phenotypic correlation () and genotypic correlation (i) among the 10 characters in 56 greengram genotypes

Character Days , 0 Plgnt Clusters/ bF:grr:]c?wrgs/ Pods/plant Pod Seeds / pod 100.seed Yield/
maturity height | plant Plant length weight plant

Days to 50% | P 0.772** 0.023 -0.080 0.292* -0.180 -0.318 -0.199| -0.397 -0.380
flowering rg 0.838** 0.064 -0.128 0.356* -0.221 -0.382 -0.282| -0.433 -0.467
Days to rp -0.061 -0.047 0.176 -0.116 -0.305 -0.288 -0.308 300.
maturity rg -0.059 -0.086 0.204 -0.147 -0.361 -0.386 -0.318 36D.
Plant rp 0.373** 0.158 0.139 -0.014 0.200 0.161 0.206
height(cm) rg 0.509** 0.232 0.172 -0.096 0.141 0.191 0.244
Clusters/ rp 0.180 0.571** -0.133 -0.085 0.177 0.490*t
plant rg 0.249 0.656** -0.154 -0.103 0.221 0.613*f
Primarybranc| rp 0.166 -0.128 -0.123 -0.294 -0.052
hes/ Plant rg 0.148 -0.248 -0.218 -0.346 -0.152

rp -0.158 -0.093 0.010 0.699**
Podsiplant - — 20.223 20.189 0.004 0.706

rp 0.432** 0.235 0.079
Pod length

rg 0.562** 0.271* 0.068

rp -0.017 0.121
Seeds/ pod

rg -0.030 -0.038
100 seed p 0.577**
weight rg 0.639**

* Significant at 5 % level, ** Significantat 1 % level
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4. A.5 Path co-efficient analysis

The correlation of seed yield with otlolaracters was further analysed to
assess the cause and effect relationship betweenotinponent traits and yield by
path co-efficient analysis. Path co-efficient asa&y was carried out for 10
guantitative characters in greengram. The cormatf seed yield per plant with
other characters was partitioned into componentdirgict and indirect effects that
would reflect on the nature of these associatiors the relative importance of the
components in determining the seed vyield. Indiedfe#ct of each character indicates

their role in affecting correlation of other chass with yield.

The phenotypic correlation co-effidierf seed yield with the 9 component
traits were partitioned into direct and indiredieefs of component traits on yield by
path co-efficient analysis The phenotypic correlatco-efficient analysis and the

results are presented in table 10.

The present path co-efficient analygisewed low residual effect of 0.28518

indicating that most of the major yield componemé&se included in this study.

Pods per plant had the highest direditye effect (0.708) on yield .The
characters 100 seed weight (0.643) and seeds pmer((@d24) had the moderate
positive direct effect on yield. Days to floweri§@.075), Clusters per plant (0.047),
showed negligible direct effect on seed yield. Bodjth (-0.019), primary branches (-
0.024), plant height (-0.043) and days to matyrdy073), showed the negative direct

effect on seed yield.

Highest positive indirect effect waswtduted by pods per plant (0.464) and
100 seed weight (0.142) via clusters per planbfedld by pod length (0.174) via test
weight and100 seed weight (0.122) and pods pert @@i21) via plant height

respectively on seed yield.

Negative indirect effect was contributeyl days to 50% flowering on seed
yield via plant height (-0.002), and clusters planp (-0.006) followed by clusters per
plant via 50% flowering (-0.009) and primary braesh-0.006). Also the negative
indirect effect of seeds per pod on seed yieldgtent was counteracted by clusters
per plant (-0.004), plant height (-0.006).
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Table 10: Direct (diagonal and bold) and indirect &ects of 9 component traits on seed yield in 56 gengram genotypes

Plant Primary
o)
Character Days to.50A) Days.to height Clusters/ branches | pods/plant Pod Seeds/ pod 100.seed
flowering maturity plant length weight
(cm) /plant
o)
]EIDayS _to S0 075 0061 | -0.002| -0.006| -0.008) -0.156  0.007 10.034 278.
owering
Days to maturity 0.062 -0.073 0.002 -0.004 -0.005 -0.103 0.007 -0.048 -0.204
Plant height(cm) 0.004 0.004| -0.043 0.024 -0.005 0.121 0.001 0.017 0.122
Clusters/plant -0.009 0.006 -0.022 0.047 -0.006 0.464 0.003 -0.012 0.142
Primary 0.026 -0.014 | -0.010 0.011 | -0.024 | 0.104 0.004 -0.027 -0.222
branches/plant
Pods /plant -0.016 0.010 -0.007 0.030 -0.003 0.708 0.004 - 0.023 0.002
Pod length -0.028 0.026 0.004 -0.007 0.006 -0.188 -0.019 0.070 0.174
Seeds / pod -0.021 0.028 -0.006 -0.004 0.005 -0.183-0.010 0.124 -0.019
100 seed weight -0.032 0.023 -0.008 0.010 0.008 0020. -0.005 -0.003 0.643

Residual effect = 0.28518
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4. A.6 Clustering pattern

56 genotypes were grouped into TerBht genetic clusters on the basis of

genetic affinity or diversity by Tocher's methodu€ter IV consists of 24 genotypes

while Cluster Il consist of 11 genotypes, Clusténith 6 genotypes, Cluster | and

VIl consist of 5 genotypes each, cluster Il congit 3 genotypes and Cluster V

consists of 2 genotypes. The names of the genognegsresented in Table 11.

Table 11: Clustering of 56 greengram genotypes usirnrocher’'s method

Cluster

No. of
genotypes

Name of Genotype

5

OPBGG-2016-1, OPBGG-2016-2, OPBGG-2016-3, OPB(
2016-21 OPBGG-2016-46.

11

OPBGG-2016-4, OPBGG-2016-5, OPBGG-2016-6, GEBB
2016-7 OPBGG-2016-8, OPBGG-2016-9, OPBGG-20146
10, OPBGG-2016-11, OPBGG-2016-12, OPBGG-2016-24
OPBGG-2016-36.

==

OPBGG-2016-13, OPBGG-2016-20, OPBGG-2016-26.

v

OPBGG-2016-14, OPBGG-2016-15, OPBGG-2016-16,
OPBGG-2016-17, OPBGG-2016-18, OPBGG-2016- 19,
OPBGG-2016-22, OPBGG-2016-23, OPBGG-2016-25,
OPBGG-2016-27, OPBGG-2016-28, OPBGG-2016-29,
OPBGG-2016-30, OPBGG-2016-31, OPBGG-2016-32,
OPBGG-2016-33, OPBGG-2016-34, OPBGG-2016-35,
OPBGG-2016-37, OPBGG-2016-38, OPBGG-2016-39,
OPBGG-2016-40, OPBGG-2016-41, OPBGG-2016-42.

N

OPBGG-2016-50 OPBGG-2016-52

Vi

OPBGG-2016-43, OPBGG-2016- 44, OPBGG-2016-45,
OPBGG-2016-47, OPBGG-2016-48, OPBGG-2016-49.

Vi

OPBGG-2016-51, OPBGG-2016-53, OPBGG-2016- 54,

OPBGG-2016-55, OPBGG-2016-56.

4. A.6.1 Intra and inter cluster distances.

From the average intra and intester distance presented in table 14 and

their corresponding Hvalues is presented in tablel13, It was evident @laster V

had the minimum intra-cluster distance (D =3.79)emdas maximum intra-cluster

distance (D=12.18) was observed in Cluster VI.

The average inter-cluster distamealed that the most divergent clusters
were Cluster V and VI (D =15.77), followed by clestll and VI (D=15.30) and
cluster VI and VIl (D =15.04).
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4. A.6.2 Relative contribution of characters to diergence.

The relative contributions of 10 qtitive characters to genetic
divergence among the 56 genotype of greengram a&gessed by rank average of
individual character. The character contributingnaximum divergence needs greater
emphasis for deciding on the cluster for the puepos selection in hybridization
programme. The number of times, each of the comportgaracter appeared first in
rank and its respective percent of contribution &g genetic divergence was

analyzed.

Among the vyield contributing chetexs, the maximum contribution
towards divergence was made by 100 seed weigh8%®5.followed by yield per
plant (25.6%), Rest of the characters exhibitingedience in order were days to
maturity (17.5%), 50% flowering (10.7), pods peargl (7.0%), primary branches
(5.0%), plant height (2.4%), pod length (2.4%)stérs (1.7%) and seeds per pod
(1.6%).

Table 12: Relative contribution of 10 charactersa genetic divergence

Character No. of first rank % Contribution
Days to 50% flowering 166 10.7792
Days to maturity 270 17.5325
Plant height(cm) 37 2.4026
Clusters/ plant 27 1.7532
Primary branches/ Plant 77 5.0000
Pods/plant 108 7.0130
Pod length 37 2.4026
Seeds/ pod 25 1.6234
100 seed weight 398 25.8442
Yield per plant 395 25.6494
Total 1540 100

4. A.6.3 Characteristic features of 10 quantitative charactes of 7 green gram
clusters
Maximum value for days to 50% femmg was observed in cluster-V

(35.83) and minimum value in cluster-1ll (32.11) @&sented in tablel4. Maximum
value for days to maturity was observed in clusit€65.21) while minimum value
was observed in cluster-Ill (61.11). Maximum vabfeplant height was observed in

cluster-1V (43.00) and lowest value in cluster-V7 (8). Highest value of primary
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branches per plant was observed in cluster-VII3)L&nd lowest value in cluster-lli
and cluster-V (1.00). For clusters per plant higlvedue was observed in cluster-llI
and cluster-VI (4.77) and lowest value in cluste(3/33). Cluster-11l showed highest
value for pods per plant (15.77) among all othersidrs and lowest value was
observed in cluster-V (11.83) for pods per plamr pod length highest value was
observed in cluster-VII (7.86) and lowest value waserved in cluster-1l (5.75). In
case of seeds per pod highest value was observeldster-VIlI (11.60) and lowest
value was observed in cluster-11 (10.39). Clus¥ér showed highest value for 100
seed weight (3.91) among all other cluster and stwalue (2.19) was observed in
cluster-V. For character yield per plant highedugavas observed in case of cluster-

VI (4.45) and lowest value was observed in clust¢p-24).

Table 13: Average intra and inter cluster 3 values for 7 clusters in 56
greengram genotypes
Cluster | | Il 1] Vv / /I i
133.9
I 37 135.044| 116.532 116.384 112.274 | 166.715 126.946

Il 113.662| 205.685 125.218 124.924 | 234.232 132.8564

Il 19.142 129.1672 187.209 | 95.373 189.748

v 111.565| 125.514 | 166.177 127.967
\% 14.361 | 248.734 57.329

Vi 148.342 226.408
VIi 91.954

Table 14: Average intra and inter cluster distance values fof7 clusters in 56
greengram genotypes

Cluster | | Il 1 \% v /1 Vil

~

I 11.573| 11.621 | 10.795 10.788] 10.596 12.912 11.26

O

I 10.661 | 14.342 11.190 11.177} 15.305 11.52¢

1] 4.375 11.365 | 13.682 | 9.766 13.775
v 10.562 | 11.203 | 12.891 11.312
\' 3.790 15.771 7.572
Vi 12.180 15.047
Vi 9.589
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Table 15: Cluster wise mean values of 10 quantitate characters in 56 genotypes of green gram.

haracter

Days to 50% | Days to Plant Clusters/ Primary Pods/ Pod | Seeds/| 100 seed| Yield/
f : : . branches/ .
owering maturity height plant plant length pod weight plant
plant
Cluster

I 34.067 63.733 39.733 4.067 1.093 13.467 6.067 00.60 3.132 3.571
Il 35.818 65.212 41.485 4.485 1.521 14.697 5.y58 140.39 3.271 3.971
1l 32.111 61.111 42.889 4,778 1.00( 15.778 6.222 01.00 3.466 4.403
\Y, 35.014 63.431 43.000 4.472 1.394 14569 6.y08 21.22 3.385 4,151
\Y, 35.833 64.000 37.167 3.333 1.00( 11.883 6.8333 B1.332.191 2.247
VI 32.833 62.111 40.611 4,778 1.211 13.944 7.y22 91.38 3.917 4.459
VIl 35.467 64.400 39.067 3.800 1.533 13.783 7.867 01.60 2.611 3.022
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Top 11 genotypes were selected from 56 genotypesdb@n their yield
performance and further investigation (responsgreoight, cold and molecular analysis)
was carried out during the year 2015-16. Theseelbiypes were also the mixture of

selection from local genotype (3), selections frawsses (2) and breeding lines (6).

4.B. Response to Drought

4. B.1 Analysis of variance

The variance (mean square values) amdnggelected genotypes for 6 characters
such as shoot length, root length, shoot fresh Wergot fresh weight, shoot dry weight
and root dry weight is presented in table 16. Téa devealed the existence of significant
difference among the genotypes for the charactedemustudy. The characters are
significant at 1 % level.

Tablel6: ANOVA for seedling characters under artiicial drought stress induced

by PEG.
Source| d.f M.S.S of Characters
Shoot Root Fresh shoot | Fresh Root| Dry shoot | Dry Root
length length weight weight weight weight
A 10 | 224.45**| 40.62** | 25039.04** | 126.35** | 612.69** | 13.77**
B 3 | 583.38** 89.41** | 104994.30**| 780.47** | 1322.80**| 20.89**
AXB | 30| 28.97** | 4.50* 9547.30** | 100.59** | 310.13** 0.94
Error | 88 1.43 1.26 672.70 68.64 132.83 1.96

A-Genotypes
B- PEG concentration

4. B.2 Mean performance of genotypes for differd@rseedling characters

* Significant at 5 %é&v ** Significant at 1% level

The mean performance of genotypes for various sepdtharacters under

drought stress induced by PEG and under contraditons were presented in tables 17-

22 and fig: 3.

4. B.2.1 Shoot length (cm)

A significant variability ranging from 4.32 to BScm (table-17) was noticed
under overall effect of PEG. The shoot length wasimum for OPBGG-2016-1 (4.32)
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and maximum for OPBGG-2016-35 (18.55). At 2.5% catmot length was minimum
(6.2) for OPBGG-2016-1and maximum (19.00) for OPB&®6-40. At 5.0% conc, a
minimum value (2.66) was recorded in OPBGG-2016ad a maximum (18.20) in
OPBGG-2016-35. At 7.5% conc, OPBGG-2016-7 showedimim (1.26) and
maximum (17.93) by OPBGG-2016-48. Under control dibons OPBGG-2016-7
showed the lowest (12.20) and OPBGG-2016-32 shduggtest shoot length (20.4).

4. B.2.2 Root length (cm)

Among 11 genotypes, OPBGG-2016-488)7sBowed the maximum root length,
(table-18) while the minimum was seen in OPBGG-201&.34) when overall effect of
PEG was considered. At 2.5% conc, OPBGG-2016-9 soav minimum root length
(2.60) and the maximum (7.90) by OPBGG-2016-48.54%% conc, OPBGG-2016-7
showed minimum root length (0.66) and OPBGG-2016sM8wed a maximum value
(7.73). At 7.5% conc, OPBGG-2016-9 showed minimwaiue (0.43) and OPBGG-2016-
48 showed a maximum value (8.03). Under controlddams OPBGG-2016-11 (9.83)
showed highest root length while the lowest (3i6ihg OPBGG-2016-7.

4. B.2.3 Fresh shoot weight (gm)

A wide range of variability ranging from 16.48gm161.70gm was noticed with
respect to fresh shoot weight (table-19). The sHosgh weight was maximum for
genotype OPBGG-2016-7 (161.70) and the minimum etserved in OPBGG-2016-11
(16.48gm). At 2.5% conc, OPBGG-2016-1 showed ammimn shoot weight (71.26) and
the maximum (365.93) by OPBGG-2016-7. At 5.0% cod®BGG-2016-11 showed
minimum shoot weight (3.16) and OPBGG-2016-35 shlibavenaximum value (122.4).
At 7.5% conc, OPBGG-2016-11 showed minimum valuéQ)land OPBGG-2016-35
showed a maximum value (132.13). Under control tamms OPBGG-2016-7 (392.3)
showed the highest weight and OPBGG-2016-9 (1:hé)ved lowest weight.

4. B.2.4Fresh root weight (gm)

A medium range of variation was oliedrin case of fresh root weight (table-
20). The highest value was recorded in case of ARRBG16-5 (13.96) and the lowest in
OPBGG-2016-11 (3.84gm) under overall effect of PEG2.5% conc, OPBGG-2016-11
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showed a minimum root weight (5.44) and the maxin{im33) by OPBGG-2016-5. At
5.0% conc, OPBGG-2016-34 showed minimum root we{@f4) and OPBGG-2016-5
showed a maximum value (11.60). At 7.5% conc, OPEXBE6-49 showed minimum
value (0.18) and OPBGG-2016-5 showed a maximumev@l?.96). OPBGG-2016-
7showed the lowest weight (9.66) and the highesigo@PBGG-2016-34 (44.76) under

control conditions.

4. B.2.5 Dry shoot weight (gm)

The highest value (21.55) was found in case of OBEB16-7 while the lowest
value was found for OPBGG-2016-11 (2.54) under aVdPEG effect (table-21). At
2.5% conc, OPBGG-2016-11 showed a minimum shooghwé€b.89) and the maximum
(48.76) by OPBGG-2016-7. At 5.0% conc, OPBGG-2016showed minimum shoot
weight (0.48) and OPBGG-2016-35 showed a maximuhevél6.28). At 7.5% conc,
OPBGG-2016-32 showed minimum value (0.22) and OPEBB®H5-35 showed a
maximum value (16.06). Under controlled conditidbBBGG-2016-7 (52.30) showed
maximium shoot dry weight and OPBGG-2016-5 (13.88wed minimum shoot dry
weight.

4. B.2.6 Root dry weight (gm)

The highest value for root dry weigivas recorded in case of OPBGG-2016-5
(4.63gm) while the lowest value was recorded in GBB2016-34(0.80 gm) under
overall effect of PEG (table-22). At 2.5% conc, @RB-2016-7 showed a minimum root
dry weight (1.36) and the maximum (5.75) by OPBA@&5. At 5.0% conc, OPBGG-
2016-34 showed minimum root dry weight (0.23) an®BGG-2016-5 showed a
maximum value (3.86). At 7.5% conc, OPBGG-2016-Bdveed minimum value (0.13)
and OPBGG-2016-5 showed a maximum value (4.29). edncbntrol conditions
OPBGG-2016-5 (5.53gm) showed the maximum root deygirt and OPBGG-2016-7

(1.53) showed the minimum value.
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Tablel7:

for shoot length (cm.).

Mean performance of genotypes over défent concentrations of PEG

Genotypes control Concentration of P.E.G Overddiatf
2.5% 5.0% 7.5% of PEG
OPBGG-2016-1 14.40 6.20 4.30 2.46 4.32
OPBGG-2016-5 17.86 14.80 16.73 16.70 16.07
OPBGG-2016-7 12.20 11.90 2.66 1.26 5.27
OPBGG-2016-9 13.60 12.00 4.20 1.30 5.83
OPBGG-2016-11 18.40 13.80 4.56 2.43 6.93
OPBGG-2016-32 20.46 14.93 12.73 6.13 11.26
OPBGG-2016-34 20.20 16.80 15.56 9.83 14.06
OPBGG-2016-35 19.03 18.53 18.20 18.93 18.55
OPBGG-2016-40 19.83 19.00 10.23 5.66 11.63
OPBGG-2016-48 18.10 17.83 17.76 17.93 17.84
OPBGG-2016-49 18.03 15.90 10.66 5.10 10.53

Tablel8: Mean performance of genotypes over diffent concentrations of PEG
for root length (cm.).
Genotypes control Concentration of P.E.G Overall effect
2.5% 5.0% 7.5% of PEG
OPBGG-2016-1 8.00 3.40 2.13 0.73 2.08
OPBGG-2016-5 5.86 5.23 4.93 4.73 4.93
OPBGG-2016-7 3.06 2.83 0.66 0.53 1.34
OPBGG-2016-9 3.56 2.60 1.96 0.43 1.66
OPBGG-2016-11 9.83 4.60 3.36 1.70 3.22
OPBGG-2016-32 4.90 3.46 2.36 1.16 2.33
OPBGG-2016-34 7.50 6.86 5.30 2.60 4.92
OPBGG-2016-35 5.80 5.10 4.60 5.60 5.10
OPBGG-2016-40 8.73 6.66 5.06 3.40 5.04
OPBGG-2016-48 8.40 7.90 7.73 8.03 7.88
OPBGG-2016-49 6.13 5.06 2.26 0.90 2.74

Table 19: Mean performance of genotypes over diffent concentrations of PEG
for shoot fresh weight (gm.).
Genotypes control Concentration of P.E.G Overall effect
2.5% 5.0% 7.5% of PEG

OPBGG-2016-1 207.96 71.26 53.50 3.13 42.63
OPBGG-2016-5 130.00 93.66 112.67 98.67 101.60
OPBGG-2016-7 392.33 365.93 63.33 56.00 161.70
OPBGG-2016-9 116.63 75.16 6.00 1.86 27.60
OPBGG-2016-11 154.33 44.70 3.16 1.60 16.48
OPBGG-2016-32 222.00 145.03 106.33 2.43 84.57
OPBGG-2016-34 143.92 109.24 95.86 74.20 93.06
OPBGG-2016-35 131.98 124.36 122.43 132.13 126.30
OPBGG-2016-40 195.53 185.06 101.96 54.43 113.81
OPBGG-2016-48 125.48 122.87 121.92 121.7 122.15
OPBGG-2016-49 160.43 140.72 95.10 44.2% 93.35
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Table 20:

for root fresh weight (gm).

Mean performance of genotypes over défent concentrations of PEG

Genotypes Control Concentration of P.E.G Overall effect
2.5% 5.0% 7.5% of PEG
OPBGG-2016-1 16.03 13.10 3.36 1.36 5.94
OPBGG-2016-5 16.66 17.33 11.60 12.96 13.96
OPBGG-2016-7 9.66 8.63 4.53 3.60 5.58
OPBGG-2016-9 10.73 8.83 5.46 0.58 4,92
OPBGG-2016-11 11.72 5.44 4.03 2.10 3.84
OPBGG-2016-32 11.23 8.50 6.46 3.03 5.99
OPBGG-2016-34 44.79 13.10 1.24 0.63 5.01
OPBGG-2016-35 12.97 11.44 10.64 12.29 11.46
OPBGG-2016-40 14.51 10.64 8.60 571 8.31
OPBGG-2016-48 10.64 10.00 9.80 10.18 9.99
OPBGG-2016-49 12.95 10.69 4.33 0.18 5.07

Table 21: Mean performance of genotypes over défent concentrations of PEG
for shoot dry weight (gm).
Genotypes Control Concentration of P.E.G Overall effect
2.5% 5.0% 7.5% of PEG

OPBGG-2016-1 22.21 7.56 5.72 0.33 4.53
OPBGG-2016-5 13.80 9.56 11.49 12.33 11.12
OPBGG-2016-7 52.30 48.76 8.44 7.45 21.55
OPBGG-2016-9 15.93 10.32 0.81 0.28 3.80
OPBGG-2016-11 23.70 6.89 0.48 0.24 2.54
OPBGG-2016-32 21.16 13.54 9.86 0.22 7.87
OPBGG-2016-34 15.46 11.74 10.28 7.97 9.99
OPBGG-2016-35 16.04 15.16 16.28 16.06 15.83
OPBGG-2016-40 22.69 21.48 11.85 6.36 13.23
OPBGG-2016-48 14.75 14.45 14.34 14.26 14.35
OPBGG-2016-49 19.53 17.14 11.59 5.33 11.35

Table 22: Mean performance of genotypes over défent concentrations of PEG
for root dry weight (gm.).
Concentration of P.E.G Overall effect
Genotypes control 1™ Sog 5.0% 75% | of PEG

OPBGG-2016-1 3.56 2.93 0.74 0.30 1.31
OPBGG-2016-5 5.53 5.75 3.86 4.29 4.63
OPBGG-2016-7 1.53 1.36 0.71 0.57 0.86
OPBGG-2016-9 2.81 2.58 1.41 0.14 1.34
OPBGG-2016-11 3.09 1.47 2.03 1.24 1.58
OPBGG-2016-32 2.49 1.88 1.43 0.67 1.31
OPBGG-2016-34 2.97 2.04 0.23 0.13 0.80
OPBGG-2016-35 2.69 2.37 2.34 2.33 2.34
OPBGG-2016-40 3.37 2.46 2.01 1.32 1.91
OPBGG-2016-48 3.22 3.03 2.96 3.08 2.96
OPBGG-2016-49 2.51 2.03 0.85 0.43 1.92
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Table 23 -  Tolerance index of root dry weight andOver-all mean values of
genotypes for different seedling characters under rdught stress
induced by PEG

Genotypes Shoot| Root Fresh Fresh Dry Dry Tolerance
length | length shoot Root shoot Root index of root
weight weight weight weight dry weight
OPBGC-201€-1 4.3z | 2.08¢ 42.6° 5.94 4.5 1.31 0.3¢
OPBGG-2016-5 | 16.07 | 4.933 101.6 13.96 11.12 4.63 0.84
OPBGC-201¢€-7 5.27 1.34: 161.7 5.5¢ 21.5¢ 0.8¢ 0.5¢€
OPBGC-201€-9 5.8: 1.66¢4 27.€ 4.9z 3.8( 1.34 0.47
OPBGC-201€-11 | 6.9% | 3.227 16.4¢ 3.8¢4 2.54 1.5¢ 0.54
OPBGC-201€-32 | 11.2¢ | 2.33: 84.5] 5.9¢ 7.8 1.31 0.51
OPBGG-2016-34| 14.06 4.92 93.06 5.01 9.99 0.80 0.26
OPBGG-2016-35| 18.55| 5.10 126.30 | 11.46 15.83 2.34 0.86
OPBGC-201€¢-40 | 11.67 | 5.04 113.8: 8.31 13.2¢ 1.91 0.57
OPBGC-2016-48 | 17.82 | 7.8¢ 122.1¢ 9.9¢ 14.3¢ 2.9¢ 0.92
OPBGC-201€¢-49 | 10.5: | 2.7 93.3¢ 5.07 11.3¢ 1.92 0.7¢
Table 24: Mean values of genotypes for differerdeedling characters under
normal condition.
Genotype: Shoot Root Fresh shoot Fresh Dry Dry Root
length length weight Root shoot weight
weight weight
OPBGG-2016-1 14.40 8.0C 207.9¢ 16.0¢ 22.2] 3.5¢
OPBGG-2016-5 17.86 5.86 130.00 16.66 13.80 5.53
OPBGG-2016-7 12.20 3.06 392.33 9.66 52.30 1.53
OPBGG-2016-9 13.€0 3.57 116.6: 10.7: 15.9¢ 2.81
OPBGG-2016-11 18.40 9.83 154.33 11.72 23.70 3.09
OPBGG-2016-32 20.46 4.90 222.00 11.23 21.16 2.49
OPBGG-2016-34 20.2( 7.5C 143.9: 44.7¢ 15.4¢ 2.97
OPBGG-2016-35 19.03 5.80 131.98 12.97 16.04 2.69
OPBGG-2016-40 19.83 8.73 195.53 1451 22.69 3.37
OPBGG-2016-48 18.1( 8.4( 125.4¢ 10.6¢ 14.7¢ 3.2z
OPBGG-2016-49 18.03 6.13 160.43 12.95 19.53 2.51

4. B.3 Overall mean values and tolerance index

On comparision of mean values of thedBeg characters under control with that
of the PEG treatement shown in tables-24 and 28g#énotypes varied significantly in
tolerance indices (TI) under water stress condstidvlaximum value of tolerance index
was found in case of OPBGG-2016-48(0.92) followgdQPBGG-2016-35(0.86) and
OPBGG-2016-5(0.84) where as OPBGG-2016-34 (0.26)sH minimum value.
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Fig. 3 Growth response of greengram seedlings unde different
concentrations of PEG (control , 2.5 %, 5% and B.%




4. B.4 Character association
Estimates of phenotypic correlation co-efficient all pairs of 6 seedling

characters related to drought stress are presentatle 25-26.
4.B.4.1 Phenotypic correlation

The phenotypic correlationpframong the 6 traits in the 11 genotypes under
drought stress induced by PEG ranged from 0.16&d=at dry shoot weight and dry root
weight to 0.874 between fresh root weight and dot weight (table-25).

Root dry weight was positively and sfgrantly correlated with root fresh weight
(0.874) at 1% level of significance and with shdength (0.622) at 5% level of
significance. It was positively correlated with tdength (0.572), fresh shoot weight
(0.191) and dry shoot weight (0.165).

Shoot length was positively and sigmifity correlated with root length (0.855),
fresh root weight (0.749), at 1% level of significea and with root dry weight (0.622) at
5% level of significance. It was positively corregld with shoot dry weight (0.524) and
shoot fresh weight (0.486).

Root length was positively and sigrafily correlated with root fresh weight
(0.631) at 5 % level of significance. It was pagty correlated with root dry weight
(0.572), shoot fresh weight (0.350), and shootvaeight (0.312).

Shoot fresh weight was positively angn#icantly correlated with shoot dry
weight (0.845) at 1% level of significance. It waasitively correlated with root fresh
weight (0.470) and root dry weight (0.191).

Root fresh weight was positively anghgiicantly correlated with root dry weight
(0.875) at 1% level of significance. It was postiv correlated with dry shoot weight
(0.510).

Shoot dry weight was positively correthtgith root dry weight (0.165). Under
controlled conditions the phenotypic correlationoaigp 6 seedling characters in the 11
genotypes ranged from -0.217 between shoot fresghtvend root fresh weight to 0.958

between shoot fresh weight and shoot dry weigh®atevel of significance (table-26).
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Dry root weight was positively corradtwith root length (0.354), shoot length
(0.236), fresh root weight (0.145). It was negdtivarrelated with fresh shoot weight (-
0.537) and dry shoot weight (-0.578).

Shoot length showed positive correlativith root length (0.509), fresh root
weight (0.363), and dry root weight (0.236). It gled negative correlation with fresh
shoot weight (-0.481), dry shoot weight (-0.572)

Root length showed positive correlatiith dry root weight (0.354) and fresh
root weight (0.227). It showed negative correlatwith dry shoot weight (-0.374) and
fresh shoot weight (-0.402)

Shoot fresh weight showed positivel aignificant correlation with dry shoot
weight (0.958) at 1 % level of significance. It sleal negative correlation with fresh root
weight (-0.217) and dry root weight (-0.537).

Root fresh weight was positively cortethwith root dry weight (0.145). It was
negatively correlated with dry shoot weight (-0.276

Dry shoot weight was negatively correthtvith root dry weight (-0.578).

Table 25- Inter-relationship of different seedlirg characters under drought stress
induced by PEG.

Characters Root Fresh shoot Fresh Root | Dry ;hoot Dry Root
length weight weight weight weight
Shoot length 0.855** | 0.486 0.749** 0.524 0.622*
Root length 0.350 0.631* 0.312 0.572
Fresh shoot weight 0.470 0.845** 0.191
Fresh Root weight 0.510 0.874**
Dry shoot weight 0.165
* Significant at 5 % level, ** Significant at 1%vel
Table 26 - Inter-relationship of different seedlig characters under normal
condition.
Characters Root Fresh shoot | Fresh Root Dry shoot Dry Root
length weight weight weight weight
Shoot length 0.509 -0.481 0.363 -0.572 0.236
Root length -0.402 0.227 -0.374 0.354
Fresh shoot weight -0.217 0.958** -0.537
Fresh Root weight -0.276 0.145
Dry shoot weight -0.578

* Significant at 5 % level,

** Significant 4% level
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4. C Response to cold

Eleven genotypes selected from 56 genstygsed on their yield performance
were subjected to cold response by exposing thersetygpes to artificial low temperature
in laboratory by growing at £6 incubator for 10 days and then transferring ta@spto
field for evaluation in field condition.

Table 27: Reaction of different days old seedlingf green gram to cold (15C)

10 days old seedling 20 days old seedling
Sl Sur_V|vaI Survival Total |Survival in|Survival in| Total Yield
No. Genotype _n in field | survival | incubator | field(in |survival (gm
incubator| ;. (-vo) | (in days)| (indays) | days) |(in days)| /P2
(in days)
1 |OPBGG-2016-1 10 14 24 10 8 18 3.85
2 |OPBGG-2016-5 10 13 23 10 5 15 3.65
3 |OPBGG-2016-7 10 12 22 10 1 11 3.94
4 |OPBGG-2016-9 10 15 25 10 8 18 5.03
5 |OPBGG-2016-11 10 18 28 10 10 20 5.21
6 |OPBGG-2016-32 10 16 26 10 11 21 5.65
7 |OPBGG-2016-34 10 15 25 10 12 22 6.16
8 |OPBGG-2016-35 10 11 21 10 9 19 5.7
9 |OPBGG-2016-40 10 15 25 10 10 20 5.06
10 |OPBGG-2016-48 10 16 26 10 11 21 5.00
11 |OPBGG-2016-49 10 12 22 10 9 19 5.15

The above listed 11 genotypes (tablevd7n exposed to low temperature, at 10
days seedling stage, the maximum days of survial observed in case of OPBGG-
2016-11 (28 days) followed by OPBGG-2016-32 and2Bdays), OPBGG-2016-9 (25
days), OPBGG-2016-1 (24 days), OPBGG-2016-5 (23s)ya@PBGG-2016-7 and
OPBGG-2016-49 (22 days), OPBGG-2016-1PM-99-35 @ysl

When 20 days old seedling were expaseambld, the maximum days of survival
was found in case of OPBGG-2016-34 (22 days), Wb by OPBGG-2016-32and 48
(21 days), OPBGG-2016-11 and 40 (20 days), OPBGI®-3% and 49 (19 days),
OPBGG-2016-1 and 4 (18 days), OPBGG-2016-5 (15d&BBGG-2016-7 (11 days).
Considering both the yield and tolerance to coldhat2 stages of growth of the crop,

following observations were recorded:

It was observed that the genotype wislbowed maximum survival to cold at
both the stages(10 days and 20 days) i.e. OPBG®6-2R1lis a high vyielder
(5.65 g/plant).
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The genotype OPBGG-2016-34 (6.16g/plartdse yield was highest among all
genotypes is highly tolerant to cold at 20 days s#edling stage but showed medium
tolerance at 10 days old seedling stage whereasgémtype OPBGG-2013-7
(3.94g/plant) was though a high yielder amongldcal varieties but very sensitive to
cold at 20 days old seedling stage. Some genotypes average yielders but showed
high tolerance to cold like OPBGG-2013-11 (5.21layip, OPBGG-2016-48 (5.00
g/plant), and OPBGG-2016-40 (5.069 /plant).

OPBGG-2016-34 (6.16g/ plant) was higlelder but showed moderate
sensitivity to cold at 10 days old seedling stafjee local genotypes OPBGG-2016-1
(3.85g/plant) and OPBGG-2016-7(3.65g/plant) thohigh yielders are highly sensitive
to cold at 20 days seedling stage.

4.D Molecular Markers Linked with Yellow Mosaic Disease Resistance in
Greengram (Vignaradiats (L.) Wilczek).

Screening for YMV in greengram isfidifilt owing to practical difficulties in
creation of artificial epiphytotic conditions an@pkndency on several factors such as
vector population and climatic conditions. The aminthe present investigation is to
validate markers associated with YMV resistancgreengram. Eleven genotypes were
selected for molecular marker study with resped?¥dMV reactions ofV. radiata were
screened with PCR-based technique employing pripags to validate efficiency and
reliability of identified marker loci (CYR 1 and YWL).

Both CYR 1 and YMV1 showed consist@aiymorphism with respect to
disease reaction (fig. 4). CYR1 showed amplifiaagian six genotypes while YMV
showed amplification in a single genotype. The ¢gmes were OPBGG-2016-9,
OPBGG-2016-11, OPBGG-2016-32, OPBGG-2016-34, OPEBG®B-35, OPBGG-
2016-40, which showed band in 4,5,6,7,8 and 9af¢he lane respectively for CYR 1
marker and a single genotype OPBGG-2016-11 showed in %' well of the lane in
case of YMV1 marker. In figure white arrow indicaitde resistance genotype.

RGA22F2/RGA24R2 (CYR1) markers proetli an allele size of approximately
180 bp in contrast to that of findings obtainedvbsiti et al. (2010) i.e.1236bp. In case of
YMV1 all the genotypes showed bands at 90bp exocgpgenotype OPBGG-2016-11
which revealed a spurious band at around 130bp.
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1. OPBGG-2016-1 6. OPBGG-2016-32
2. OPBGG-2016-5 7. OPBGG-2016-34
3. OPBGG-2016-7 8. OPBGG-2016-35
4. OPBGG-2016-9 9. OPBGG-2016-40
5. OPBGG-2016-11 10. OPBGG-2016-48

11. OPBGG-2016-49

Fig. 4. PCR with YMV1 and CYR 1 primers for 11 gentypes of greengram.
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DISCUSSION

GreengramvVgna radiata (L.) Wilczek,] is an important and well known
leguminous crop grown in India. It is popular besof its nutritional quality and its
suitability for multiple cropping systems. Howevérg productivity of greengram is
low. The constraints limiting yield are losses dodiotic and abiotic stresses. Severe
yield losses have been reported due to the incedaicYMV, powdery mildew,
cercospora leaf spot and bacterial leaf spot. @¢h YMV assume the greatest
significance generally causing yield reductionte extent of 20-40% and 10-100%
respectively (Reddgt al., 2004 and Vermat al, 1993) and among abiotic stresses,
cold stress and drought stress are the major sgedecting the crop productivity.

A systematic and scientifically basggbrmach is necessary to develop high
yielding genotypes having resistant to these steesSenerally, the carefully selected
donor parent possessing high degree of resistanaeegiven biotic stress is used to
create variability which is used by the breedemtike effective selections combining
both resistance and productivity. Therefore, sdrgprof the available diverse
collections is the first step in such programmerthiar diversity analysis on these
collections would enable the breeder to plan anetlde crosses keeping in view the
diversity and complementarity of desired traits ammfrom two parents like

resistance and productivity traits.

The research entitled “Studies on yield andssttelerance in greengram”
was initiated in the department of Genetics andntPIBreeding at OUAT,
Bhubaneswar taking into considerations all the abfaets and studies were planned
and conducted to achieve the set of objectives.

5.1 Genetic variability, heritability and geneic advance in quantitative traits

of greengram

Wide genetic variability among genotypes was olegnfor ten yield
attributing traits including yield/plant. Genotypitifference among these genotypes
was found to be statistically significant at 1 %deof significance (Table 6) for all
the characters suggesting the presence of sulataatiability in the material under
investigation which will be much beneficial for tlselection of breeding material.

Similar wide range of variations for different tsain greengram with different set of
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collection has been reported by Dssl. (2010), Degefat. al. (2014), Reddyt al.
(2014), Garjeet al. (2014), Pathalet al. (2015). The range of variation in different
traits in the present study is wide because ofr ttieierse origin and geographical
adaptation.

All the genotypes under the study displayed comallle amount of
differences in their mean performance with respeall the characters studied. An
assessment of heritable and non-heritable compsnienthe total variability is
indispensable in adopting suitable breeding proeediihe heritable portion of the
overall observed variation can be ascertained inyystg the components of variation
such as coefficients of genotypic and phenotypra@abdity, heritability and predicted
genetic advance. Presence of narrow gap betweearotypec coefficient of variation
(PCV) and genotypic coefficient of variation (GCiy all the characters under study
suggested that expression of these traits havestoivonmental influence (Table 8).
Although range can provide a preliminary idea alibatvariability but coefficient of
variation is reliable as it is independent of uaft measurement. The extent of
variability as measured by PCV and GCV also giw®rmation regarding the
relative amount of variation in different populatg The phenotypic coefficient of
variation (PCV) and genotypic coefficient of vaitat (GCV) showed wide variation
for most of the characters under study. The diffeeebetween PCV and GCV values
reflect the influence of environmental effect oradcter. The high, medium and low

PCV and GCV indicate the potentiality with whicletbharacters expression occurs.

From the experimental results, it was coded that PCV was higher than GCV
for all the character under study which indicatat tthere was some environmental
influence on these traits. The influence of envment should be taken care for
precise selection of material for the improvemeinthe crop. This type of findings
were earlier reported by Garg al. (2013), Gadakhet al. (2013), Kumar et al.
(2013), Degefeaet al. (2014). PCV and GCV were higher for primary lotzes per
plant, yield per plant, clusters per plant, pods glant and 100 seed weight. It is in
close agreement with Narasimhuwtial. (2013), Garjeet al. (2014), Degefeet al.
(2014). It was observed that branches per plantibdggd maximum difference
between PCV and GCV which indicate the higher emmental influence on this
character. While selecting this character, muck saould be taken up.
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Heritability estimates reveals theitable portion of variability present in
different characters. The knowledge of heritabiéityables the plant breeder to decide
the course of selection procedure to be followedeura given situation. However,
heritability values coupled with genetic advanceulddbe more reliable (Johnseh
al., 1955) and useful in formulating selection praged In the present study,
heritability estimates in broad sense and geneati@arce as percent of mean was
estimated. Heritability is the proportion of obsmivdifferences on a trait among
individuals of population that is due to genetiffatences. Factors including genetics,
environment and random chance can all contributethi® variation between
individuals in their observable characteristics (imeir “phenotypes”). Genetic
advance as percentage of mean along with heritapiovides clear picture regarding
the effectiveness of selection for improving thenpl characters. Estimation of
heritability along with genetic gain is usually reanseful in predicting the resultant

effect from selecting the best individual.

Moderate heritability (75-90%) wasuma for characters like primary
branches per plant and pods per plant. High hdittalvas observed for 100 seed
weight followed by flowering and maturity. Similasbservations have been reported
earlier by Daset al.(2010), Rahimet al. (2010), Reddyet al. (2011), Garjeet
al.(2013), Gadakhet al.(2013), Surestet al.(2013), Singhet al.(2013), Degefeet
al.(2013) and Anushet al.(2014).

In the present study, genetic adeamas high for plant height, pods/plant,
days to maturity and days to 50% flowering as earkported by Reddst al. (2011).
Considering heritability and genetic advance jginthoderate to high heritability
coupled with high genetic advance was observedh@rcharacters pods per plant,
days to maturity and days to 50% flowering whichlniclose agreement with Rahim
et al. (2010), Reddyt al. (2011), Gadaklet al. (2013), Anushaet. al. (2014), Garje
et al. (2013), Pathaket al. (2015). This indicates there was lesser influente
environment in expression of these characters stiggethe role of additive gene

effect and possibilities of achieving high geng@tiogress through selection.
5.2. Correlation Study in Greengram

Quality and quantity seldom go togethaed all the efforts of plant breeders
are aimed at bringing these together. Hence, a latge of inter relationships

68



existing among various characters is necessary vdgabection for simultaneous
improvement of these traits is to be most effectivéwo-favourable characters are
associated, selection for one character will autmaldy be good enough for the
other. Grafius (1959) reported that there may motgbnes for yield as such, but
operate only through its components. So correlaimalysis provides the information
on nature and magnitude of the association of rdiffecomponents characters with
seed yield, which is regarded as highly complext tia which the breeder is
ultimately interested. So it is a matter of gre@aportance to the plant breeders to find
out as to which of the characters are correlatetth wield and also how they are
associated among themselves, if negative assatiagtween characters is due to
pleiotropic effects it would be very difficult tdotain the desired combinations while
if linkage is involved, special breeding programmes needed to break these linkage
blocks. Knowledge of the correlations that exidineen important characters may be

helpful in the choice of good genotypes for anypdraprovement programme.

Consideringgand g of the component traits with yield from the respit was
observed that yield per plant was significantly goditively correlated with pods per
plant, 100 seed weight clusters per plant, plaightepod length and seeds per pod
both phenotypically and genotypically except foedper pod which showed negative
correlation genotypically. Earlier similar findinggmve been reported by Suresial.
(2013), Kumaret al. (2013), Garjeet al. (2014) and Mishrat al. (2014). Yield is
negatively correlated with days to 50% floweringys to maturity and primary

branches which was earlier reported by Migdiral. (2014).
5.3. Path Coefficient Analysis in Greengram

Path analysis is the standardizediglartgression coefficient, which splits
the correlation coefficient into the measures oécti and indirect effects of a set of
independent variables on the dependent variabtbeltorrelation between yield and
character is due to the direct effects of charadteeflects true relationship between
them, selection can be practiced for such a charant order to improve vyield,
however if correlation is due to indirect effect thfe character through another
component trait, the breeder has to select forldtter trait through which indirect
effect is exerted. The result of negative diredeafindicated that these characters

had low association and selection based on thesadaiers would not be effective.
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It was observed that pods per plant had highestcefin yield which was
earlier reported by Suresh al. (2013), Mishraet al. (2014), Garjeet al. (2014) and
Sahuet al. (2014). From the experimental findings, it waseted that 100 seed
weight, seeds per pod, had direct positive effecyield which has been confirmed
earlier by Thippanget al. (2013), and Laliniakt al. (2014). Highest positive indirect

effect was contributed by pods per plant and 1@0 sesightvia clusters per plant.
5.4.  Genetic diversity in greengram

The divergence within the cluster indicates theedyence among the
genotypes in the same cluster. On the other hatet, ¢luster divergence suggests the
distance (divergence) between the genotypes oérdift clusters. Inter and intra
cluster [¥ values were worked out from divergence analysistiodl assessment of
clusters showed that clusters were heterogenedbswhemselves and between each

other based on major character relation.

From the experimental findings, itsn@bserved that maximum to moderate
contribution to B by seed weight, followed by yield per plant, daysnaturity, days
to 50% flowering, and pods per plant which was gneament with Mishraet al.
(2012).

On the basis of?Dvalues using Tocher's method, the 56 greengram
genotypes were grouped into 7 genetic clustersléThb). Cluster IV consists of 24
genotypes while Cluster Il consist of 11 genotypéhyster VI with 6 genotypes,
Cluster | and VII consist of 5 genotypes each elusit consist of 3 genotypes, and
Cluster V consists of 2 genotypes each indicateat thide diversity in the
experimental materials existed for majority of ttlearacters. Distance between all
pairs of genotypes was calculated using squaretideéaa distance method and the
genotypes were clustered basing on Tocher's metiodilar findings have also been
reported by Rahinet al. (2010), Dast al. (2010), Chattopadhyast al. (2011), Abna
et al. (2012), Mishreet al. (2012), Gokulakrishnast al. (2012), Garjeet al. (2013),
Gadakhet al. (2013). It was observed from the results thattelu$v consisted of
maximum number of genotypes having different sauafeorigin. Also materials of
same source have been grouped in different clusteisating no parallelism between

sources of origin and clustering.
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Plant breeders often use variggEsotype possessing high genetic
divergence in breeding programme with an objectizgetting more transgressive
segregants. The scope of getting high yielding dga@ssive segregants from a
cross between two parents with high genetic divecges often limited if one or
both parents are moderate or low yielder. Thus,identification of crosses for
getting high yielding segregants, the parental ggres should have high 2D

value, moderate to high yield and character complaation in productivity traits.

Considering inter-cluste Dalue and cluster mean for different characters
including yield and character complementation ielgitraits in 56 genotypes, of
present study, crosses between Cluster V and Vst Il and VI, VI and VIl are

expected to produce more transgressive segregattts later generation.
5.5. Greengram and drought:

Greengram is an important pulse crop grown throughioe country and it
thrives well under drought prone condition. Howewbere is a great variability for
drought tolerance among greengram genotypes unaergladt condition. Among
different growth processes, early seedling grovitlyess are considered critical for
raising a successful agricultural crop, since timeljrectly determine the crop density
and consequently yield. Due to inconsistency ofgémeotypes in length and fresh or
dry weight under moisture stress, it becomes cusapee to screen the genotypes
based on these traits. However, tolerance indiceghtnbe useful to screen the
genotypes as dry weight of a plant at particulag eguniversally considered as a

more stable character than other morphologicalmpeters.

In the present investigation attempts have beenemadestablish suitable
method for screening drought tolerant genotypesdasn tolerance index. The
genotypes varied significantly in tolerance indi¢€§ under water stress conditions
(Table-23). Maximum value of tolerance index wasinid in OPBGG-2016-48
followed by OPBGG-2016-35 and OPBGG-2016-5 where GRRBGG-2016-34
showed minimum value and rest genotypes are eithederately tolerant or
susceptible. Similar findings have also been regbhty Duttaet al. (2008). Root dry
weight was positively and significantly correlateith root fresh weight and shoot
length under treated conditions. Under control @orts root dry weight was
positively correlated with root length, shoot ldmgtresh root weight.

71



5.6. Greengram and cold

Greengram is cultivated in Odisha mostlyrai season. The crop grown in
interior districts suffer from winter if grown inice fallow cropping pattern. The
genotypes with little winter hardiness will be bgcdal to the agro climatic zone

havingrabi temperature around 4G

The genotypes of OPBGG-2016-11, OPBXBES-32, OPBGG-2016-48,
OPBGG-2016-9, OPBGG-2016-1 are found to be cdeeraat in early stages of
their growth as they could sustain P5Ctemperature in incubator for 10 days and
when they were exposed to field, the genotyp8@B-2016-11showed maximum
tolerance to cold in field condition. The genotypelsich were susceptible to cold
may be due to lipid peroxidation, membrane leakagd increase in hydrogen
peroxide level, while activities of catalase, pedase and ascorbate peroxidase were
decreased as reported by Saleh (2007). The tokerancold may be due to higher
autolysis of protein bodies and depletion of starederves supported better seedling
growth as reported by Satghal. (2011). These findings need further conformation at

molecular level.

The genotypes OPBGG-2016-34, OPBG@E&ZP, OPBGG-2016- 48,
OPBGG-2016-11, OPBGG-2016-40, showed maximum toterdo artificial cold at
their later stages of growth (20 days old seedliag)it was observed when the
seedling survived in artificial cold condition indubator\When these genotypes were
exposed to field, the maximum survival day was tbimcase of OPBGG-2016-11.
So it was concluded that the genotype OPBGG-20161the most cold tolerant
genotypeThe genotype will be very useful to eco- geographécea where winter is
little late. The tolerance to cold at later staggmwth (20 days old) may be due to
H>O. dependent accumulation of glutathione (GSH) asrted by Hunget al.
(2007).

The genotypes having cold tolerance at diffestages of their growth will
be more beneficial to Odisha farming community vehgreengram crop is grown

duringrabi season in rice fallow cropping system.
5.7 Greengram and YMV

Among the biotic stress YMV is considered to the prominent one.
Genotypes having high yielding ability were exposednatural field condition of
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occurrence of YMV. There was no appearance of YMVhie field in the year under
study which may be an escape. However, the genetygee examined for having
resistance to YMV on the basis of molecular mafiker YMV1 (SCAR marker) and
CYR1 (RGA marker). The primer CYR1 amplified in géypes like OPBGG-2016-
9, OPBGG-2016-11, OPBGG-2016-32, OPBGG-2016-34, @BR016-35 and
OPBGG-2016-40 produced band approximately of 18@bmating the presence of
resistance gene in their genotypic make-up. Sammeps were used for
identification of YMV resistance nature in greengrand blackgram by Maitt al
(2010) but they found amplification at 1236bp. Resi heterozygosity is still
maintained as far as YMV resistance locus is corezkin these segregating pedigree
lines (OPBGG-2016-9, OPBGG-2016-11) and other bnegelihes(OPBGG-2016-32,
OPBGG-2016-34, OPBGG-2016-35, OPBGG-2016-40). Tlabswe materials need
to be further selfed and purified for YVYMV resistanusing RGA marker for YVYMV

tolerance

YMV1 primer amplified in one genotype (OPBGG-201Brlat 130bp.
Souframanieret al. (2006) used this marker for identification of YM¥sistance in
blackgram. However the results need further cordtrom by phenotyping in field
under forced inoculation procedure. Other markehsas VMYR1 have also been

used by Sowmingt al. (2014) for the identification of YMV genotype gfeengram.
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SUMMARY AND CONCLUSION

The present investigation on “Studies on yield aitess tolerance in
greengram” was undertaken to study the variabpidyameters of the productivity
traits, association among the traits and for thmuging of genotypes into different

clusters basing on the productivity traits throunghltivariate analysis.

Fifty six greengram genotypes consisting of locaieties (7), selection from
mutants (7), selection of entries from crosses &) selection from breeding lines
(27) were evaluated in RBD during rabi 2014-15 abdervations on days to 50%
flowering, days to maturity, plant height, branclpes plant, clusters per plant, pods /
plant, pod length, seeds/pod, 100 seed weight mhdl Aplant were recorded from the
field trial at EB-Il section of the department. tlne next season, eleven genotypes
were selected from the 56 genotypes based on mmiiormance and further
evaluation (cold, drought and YMV) was done. Stadi@ the response to cold and
drought stress were carried out at S.K. Sinha MdéedBreeding Laboratory of this
department. Molecular work was done in these elgesmotypes for identifying YMV

resistant entries.

Genetic variability is the prime oljge for crop improvement fraternity.
Higher the amount of variation for a character tgeawvill be the scope of its
improvement through selection.The genotypes showigld variation in all traits
under study and the difference were highly sigaifiic Seed yield of the genotypes
varied from 1.8 to 6.1g/plant. High seed yieldess@eDPBGG-2016-34 (IPM-02-03),
OPBGG-2016-32(IPM-02-14), OPBGG-2016-11(Sujata X3-@50), OPBGG-2016-
49 (NM-92)

PCV and GCV estimates were high formpry branches per plant.
Heritability of the traits ranged from 60.00 to @3. GA ranged from 1.05 to 8.92 for
the productivity traits. Estimation of heritabiliglong with genetic gain is usually
more useful in predicting the resultant effectdetecting the best individual. Primary
branches, pods per plant, days to maturity and ta$8% flowering had moderate to

high heritability accompanied with high genetic adee indicating additive gene
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effect. Characters like 100-seed weight and yiedd plant with high to moderate

heritability but low genetic advance indicated ratulitive gene effects.

The phenotypicpjrand genotypic gy correlation among traits ranged from (-
0.397 to 0.772) and (-0.467 to 0.838), respectiv€lizaracter association among
component traits showed strongly interrelated dtaraviz., pods/plant, pod length,

seeds/pod and 100-seed weight.

All the characters like plant heigtiysters per plant, pods/ plant, pod length
100 seed weight and seeds/pod showed positive pipa@nd genotypic correlation
except for seed per pod which showed negative gpitotorrelation with yield while

days to 50% flowering and days to maturity wagatieely correlated with yield.

Phenotypic correlation of seed yieldhwcomponent traits was partitioned
into direct and indirect effects by path analy$teds/plant had the highest direct
positive effect on yield followed by 100 seed weighd seeds/pod. Highest positive
indirect effect was contributed by pods per plard 400 seed weigha clusters per
plant followed by pod length (0.174)a test weight and100 seed weight (0.122) and
pods per plant (0.121yia plant height. Correlation of most traits with ylelvas

mostly influenced by indirect positive effegt pods /plant and pod length.

Multivariate analysis of divergenceany the 56 greengram genotypes based

on the 10 and 9 productivity traits were donéhim following two methods,
1) D?analysis of genetic divergence
2) Tocher's method

Genetic divergence @pestimates among 56 genotypes ranged from 19.14 to
248.73 (inter cluster). It was observed that tharatter seed weight followed by
yield per plant contributed maximum to divergenahijle plant height, pod length,

seeds per pod, clusters per plant contributed teativergence

Using the Tocher’'s method, the 56 genotypes weoeipgd into 7 clusters.
Though the genotypes were of diverse origin, thebservations indicated no
relationship between genetic diversity and geogcapldiversity. Considering inter-

cluster ¥ value and cluster mean for different characteluitiog yield and character
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complementation in productivity traits in 56 gerjmeg crosses between Cluster V and
VI, Cluster 1l and VI, VI and VII are expected taogduce more transgressive

segregants in the later generation

From drought analysis the genotypes varied sigamtiy in tolerance indices
(TI) under water stress conditions. Maximum valfi¢goberance index was found in
OPBGG-2016-48 (PDM-139), followed by OPBGG-2016-@8M-99-125), and
OPBGG-2016-5 (Bhawanipatna) indicating these ggrestyto be drought tolerant
where as OPBGG-2016-34 (IPM-02-03) showed minimoterance index which

may be considered as susceptible to drought.

From cold analysis among 11 genotypes, it was foimad the most cold-
resistant genotype OPBGG-2016-11 (Sujata X LGG-488% a moderate yielder
(5.21 g/plant) but the genotype OBGG-2013-34 (IP203) was a high yielder(6.16)
having medium tolerance to cold. So crosses betvgesotypes which were high
yielders and the genotype with tolerance to coldewexpected to produce superior

genotype combining both the characters.

DNA isolation was made from eleven greengram gepexyusing young
seedling leaves and the molecular analysis wasedaput for these genotypes using
two primers YMV1 (SCAR) and CYR1 (RGA). The gel @®phoresis figure
showed that six genotypes namely OPBGG-2016-9 (OBGGX Pant-M-4),
OPBGG-2016-11 (Sujata X LGG-460), OPBGG-2016-32Md#2-14), OPBGG-
2016-34 (IPM-02-03), OPBGG-2016-35 (IPM-99-125), BlB%-2016-40 (KPS-1),
were resistant to YMV. YMV1 primer amplified in engenotype OPBGG-2016-
11(Sujata X LGG-460) at both 90bp and 130bp but CYHoduced amplicon
approximately of 180bp. However this needs furingestigation both at molecular

and field condition.
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