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INTRODUCTION

Pulses are important as a major source of
protein in the vegetarian diet of the people and also
as 2 fodder to cattle. They also restore fertility of
the soil through fixation of nitrogen by root nodules.
Realising the manifold importance of pulses, great
attention is now being focussed to increase their produ-

ction in the country through various means.

Red gram is the second most important pulse crop
in India which accounts for more than 90 per cent of the
totel world producticn. Eventhough red gram constitutes
the mejor portion of the pulses consured by Keralites,
the production in Kerale is only 1000 M.T, from an area
of 2000 ha with an average yield of 500 kg/ha as compared
to naticnal production of 2.4 million tonnes from 3 million
ha with sn average yield of 800 kg/ha. Kerzla has the

lovest average yield of red gram zmong the Indian States.

Red gram, & prominant member of the genus Caianus
owing to appreciable amount of hardiness and the capacity
to withstand prolonged drought, does well in a wide range

of soil types seen in area like Palghat, Malappuram and



Trichur Districts of Kersla. 1In rice growing areas

vwhere 1rrigation‘ia not available, grain legumes such as
cowpea and black gram are grown in rice fallows on residual
moisture. Plgeon pea could be ancther elternative in such
situations becezuse it has higher yield potentisl then

many other pulses. In coconut gardens, it can be grown

as an intercrop and is also recommended for sowing on the

bunds of rice fields.

Active extension or popularisation programne of
any crop presupposes adequate information on the varieties
to be recommended and on the agronomic practices to pe
adopted under differ<nt agroclimatic conditions. In
red gram, these informations are lacking beczuse of the
fact that very little breeding or egrcnomic research has

been carried out, particulzrly in Kerels,

Cajanus cajan (L) Mill sp. is predominently self

pollinated, with natural cross pollinstion ranging from

6 to 7 per cent, which is one of the reascns for genetic
variebility. Further, sometic variation also augments
variability. Within the species there is considerable
veriability for plsnt and flovering habit and various yield
attributes. Recombination between diverse flowering groups

and yield attributes, togetner with reducticn of excessive



vegetative growth and duration could be rewarding.

As a preliminary step in this direction, it is

desirable to investigate the nature and degree of
divergence in & population of different groups since
information from such a study is useful for an understanding
of the course of evelution of that group and also for
classifying the population into sub units on the basis of
this diversity. Such studies utilizing multiverizte
analysis have been successfully complated in several crops.
Besides its use in texonomic problems, such a study helps
in choosing parents in the hybridisation programme for
achieving specific breeding objectives. It is well
established that exploitstion of hybrid vigour and success
in getting desirable segregants in eny breeding programme
depends to & large measure, on the degree of genetic
divergence between the parents chosen. Informations on

the source of veriability for various factors contributing
to yield, and tne degree of diversity among the genotypes
are inadequste in red gram and hence it is necessary to

eveluate the avellable germplasm in this regerd.

Primary aim of a plant breeder is to improve
yield and quslity by evolving superior genctypes. Selection

of superior genotypes will be effective only when genetic
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variaebility exists in the material chosen for improvement.
The observed variability for a character is the product
of interaction of hereditary effects of the concerned

genes and the influence of micro and macro environments.

In any crop improvement programme, search for
variability avasilable in the germplasm is the preliminary
step. 8election of genotypes showing high heritability for
the desirable charactecrs that contribute to yield is a
prerequisite in the development of new varieties with
increased yileld potentiality. However, yield by itself is
a very complex character conditioned by numercus genetical
factors interacting with environment. 1It, therefore, becomes
difficult to evaluate or select for this character directly.
Such situation dictates the breeder to employ more indirect
methods such as determination of the association existing
between yield and other less variable plant characters which
would serve as simple guides for spotting out high yielders.
The existence of association is usually determined by
studying the correlaticns existing between the different
characters and yield. Further, it will be more helpful
in the selection to have an understanding on the association
between yield and its components and the relative influence

of each component on yield.
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The assocliation analysis based on correlation
coefficients of components with yield, however, will not
prove a true picture of the relative merits or demerits
of each of the components to final yield, since s&n
individual component may either have a direct influence
in the improvement of yield or both. Hence an assessment
of the merit of each character by analysing the direct and
indirect effects of the same towards final yield is of

immense value in selecting the character for crop improvement.

For selecting suitable genotypes from a highly
heterogenous mass population, the selection should always
be based on the minimum number of characters. An estimation
of discriminant function based on such most reliable and
effective characters, is a valuable tool for the practical
plant breeder. Selection of genotypes based on a suitable
index is highly efficient in any breeding programme.
Moreover discriminant function would ensure a maximum concen-
tration of the desired genes in the plants or in the lines

selected.

With this view in mind, the present investigations

were undertaken with the following objectives:



To estimate the variability in the important economic

characters among the genotypes of red gram.

To estimate the genetic divergence among the genotypes
and to group them into clusters according to the
magnitudes of genetic distances using Mahalonobis D2

statistic.

To study the genetic variability in the expression of
economic characters in the selected genotypes of

red gfam.

To estimate the heritability, genetic advance and

genetic gain for the different characters.

To estimate the genotypic and phenotypic correlation
coefficients for selected characters between themselves

and between yield.

To partition the correlation coefficient into direct
and indirect effects through the path coefficient
analysis in order to get some idea of the casual system

of the factors contributing to yield.

To evolve a selection index for isoclating superior

genotypes in red gram
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REVIEW OF LITERATURE

A review of literature on the subject is attempted
in this chapter. Details cof information available have
been pooled and & brief review made covering genetic
diversity, genetic veriability, correlation of variables,
heritability, ccheritzbility and genetic advance, path
coefficient anslysis and discriminent function. 1In order to
project the overall pictursz and magnitude of the problem,
relevant informaticons relating to not only red gram but also

other allied crops have been included in the review,
Genetic diversity

The importance of genetic diversity in selection
of parents for hybridizatiocn has been stressed by many
workers. Singh and Gupta (1968) working i: upland cotton
stated thet the progenies derived from a set of diverse
crosses exhibited a broad spectrum of variability. They
emphasised the importence of genetic diversity of parents
in hybrid breeding programme. According tc them, the more
diverse the parents were, within a reasonable range, the
more would be the chéence of improving the character in

cuestioin,
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Multivariate snazlysis by means of Mahalanobis' D2

statistic has been found to be a powerful tool in the hands
of plant breeders for guantifying the degree of divsrgence
between bilological populaticns, to understasnd the trend

on evoluticnary pattern, tc assess the relative contribution
of different charactors towards total divergence and the
associaticns between gen=2tic divergence and geograpnic

divergence.

Generally ecogeographic divarsity has been considered
as an index of genetic verlability in crop plants. However,
this may not be true for every case, as many workers have
postulated that geogrepnic diversity need not necessarily be
related to genetic diversity. Varieties from widely separated
locialities are usuvally included in hybridization prograzmmes
presuming geretic diversity and greater likelihood of yielding
better segregents., The velidity of the above presumption
depends upon the assoclation between geographic diversity
and genetic diversity (Singh and Bain, 1968). Results of
Singnh and Srivastave (1978) in castor were quite in agreement
with the above. Many vorkers, however, have pointed out
that genetic diversity need not necessarily be related to
geogrephic diversity (Murthy and Qadri, 1965; Arunachalam

end Jawahar Ram, 1967; Singh and Bain, 1968; Gupta and



8ingh, 1970). The workers observed that many varieties
forming one group were geographically diverse, while
varieties obtained from the same region were genetically

diverse.
Genetic diversity in red gram

Asawa (1979) studying the genetic diversity in
selected population of pigeon pea (Caianus cajan (L) Millsp.)
reported that calculation of genetic distance in pigeon
pea showed wide divergence which was not reflected in the
geographical origin of the varieties. Height accounted for
73.6 per cent &nd the number of seeds per pod for 24.2

per cent of the divergence.

Bainiwal and Jatasra (1980) studied 29 genotypes
of pigeon pea in two environments and showed that environ-
mental conditions exerted considerable impact on the clustering
pattern. Plant height followed by pod length and days to
flower contributed the maximum to genetic divergence. They
emphasized the need toc conduct the genetic divergence
studies over a range of environment. Hybridization between

genetically distant types from diverse groups was recommended.

Dumbre and Deshmukh (1984a) conducted the cluster

analysis studies in 54 genotypes of Cajanus cajan representing



different parts of India. They reported that there was
substantial genetic divergence. The clustering pattern
of the varieties was not related to their geogrephic

2

distribution. D” velues ranged from 3.65 to 1211.5.

Maximum intercluster disteénce was 39,24 and minimum 5,.76.

Malik et al. (1985) studied the genetic diversity
in 36 early pigeon pea genotypes and grouped them into 8
clusters. They reported that clustering was not related

to geographicel origin of the cultivars.

Hazarika and Singh (1966) while studying genetic
divergence in some pigeon pea varieties and their hybrids
for seed yleld and 10 related characters, reported that
divergence between parents was positively correlated with
heterosis in the hybrids for seed yield. All the 44

genotyes studied weres grouped into 11 clusters.
Genetlc divarsity in other pulses

Jain et 8l. (1782) grouped 32 divergent types of
chick pea (Bengal gram) into eight clusters based on p?
values of ten yield component charecters. They reported
that the pattern of clustering was highly influenced by

environment. Srivastev and Gupta (1962) while studying
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genetic divergence in 49 chick pea varileties ohserved
that number of pods contributed most tc distinguishing
groups. They grouped the varieties intoc nine clusters

2 statistic. Adhikari and Pandsy (1983)

using Mshalanobis D
studied genetic divergence in 36 chick pe& varieties on
seed yield and 16 yield related characters. All the

genotypes were grouped into nine clusters. Dumbre and

Deshmukh (1964 b) on the basis of Mahalanobis D°

values
obtained from &anslysis of date on seed yleld per pleéent and
seven yield related trelts, grouped the seventeen verieties
of chick pea into nine clusters. There were considerable
differences between c¢cluster meens for sead size, vield

per plant, pods per plent and growth period, indicating
that these trzits were involved in divergence. Genetic
diversity and geograpnic divzrsity were unrzlated.
Srivastav et al. (1984) grouped 16 advanced chick pea
genotypes into eight clusters based on yield and four yield

related traits,

Das and Gupta (19:4) using multivariste analysis
in 23 black gram gcnctypes repocrted thet no relationship
waz found between genetic divzrgence and geoyrepnicsl
origin. All the 23 gencty,es wers grouged intc nine clusters

énd observed thet thousend grain weight made the greatest
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contribution to total divergence. Das Gupta and Das (1985)
based on multiveriate analysis on 40 strzins of Vigna mungo
grouped them into 17 different clusters regardless of their

geographic origin.

Kumser et al. (1982) studied grain yield and nine
quantitative characters on 50 genotypes of cow pea using

D2

statistic and grouped them into seven clusters. They
obscrved that days to 50 per cent maturity, pod length, pod
width and hundred grain weight contributed most tc genetic
divergence. Chikkadyavaiah (1985) studied genetic divexgence
on 324 genotyres of cow pea and reported that 23 stable
genotypes formed one cluster. Jindal (1985) studied genetic
divergence in 52 cow pea varieties for 10 characters and
grouped them into eight clusters based on Mahalanobis Dz
values. The clustering did not reflect the geogriphical

origins of the varieties.

Shanmugam and Rangaswamy (1982) studied the genetic
diversity for yleld and eight yield-related characters in
45 green gram genotypes and grouped them into 16 clusters.
The grouping of genotypes into clusters was not related to

geographical origin.

Ganeshaish gt al. (1984) conducted multivariate analysis

for 18 charactsrs of 100 varieties of horse gram and reported
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that plant maturity had contributed most to the divergence.
No clear cut association between genetic diversity and

geographic diversity was seen.

Chandel and Joshi (1981) studied eight yield
component characters on 30 types of yellow seeded pea and
grouped the varieties into 10 clusters. Types from different
geographical regions fell into same cluster, indicating
their close genetic similarity and possibly a common

evolutionary trend.
Genetic variability

Bruton (1952) introduced a convenient procedure
for the calculation of the phenotypic and genotypic
coefficient of variations. Johnson et al. (1955) introduced
a methodology for partitioning the total variance into
that due to genotype, phenotype and error in the analysis

of variance.
Genetic variability in red gram

Rathnaswamy et al. (1973) has reported on genetic
variability of certain quantitative characters in red gram

(Cajanus cajan). The characters viz,, clusters per plant,

seeds per plant, pods per plant, welight of pods, branches
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per plant, plant height and days to flowering were found

to have high genotypic coefficient of variation,

Ram et al. (1976 b) reported highest genotypic
coefficient of variability for clusters jer plant and lowest
for pods per cluster in red gram. Singh and Shrivestava (1977)
observed high genotypic coefficient of veriation for nunber

of secondary branches per plant in pigeon pea,

Awatade et al. (1980 a) while estimating the genetic
parameters in advenced generaticns of pigeon pea, found
higher phenotypic coefficient of veristion and a lower
genotypic coefficient of veriation for the characters like
number of clusters per plant, yisld per plant, number of

pods per plant, height of the plant and hundred seed weight.

Asawa et al., (19¢1) reported in pigeon pea that
seed and pod number together accounted for 47.73 per cent

of the variability in yield.

Bainiwal et @l. (1981) observed meximum variability
for nuiber of secondary brenches followed by primary

brenches and se~d yleld in red gram (Caianua cajan),

Dumbre and Deshmukh (1983) enzlysed the genetic
variability in 54 verieties of Cajanus cajan for seed yield



and eight relsted characters. Very high genetic variabi-
lities were noticed for grsin yleld, number of primary

branches and pods pear plant.

Shoran (19€3) obsarved very high range of
phenotypic variability for all characters except seeds p=rx
pod in red gram. High=r genotypic cuefficient of variation
was seen for the characters like pods per plant, days to
meturity, plant height and deys to flowering in all

environments.

Jag Shoren gt al. (1985) reported high estimztes
of genotypic ccefficlient of variation for the characters
like pods per plant, height, and days to maturity in
pig=zon pea. Lowest estimetes cf genotypic coefficient of

variztion were exhibi:ed by length of pod and seeds per pod.
Genz2tic veriability in other pulses

Fatil &nd Phadnis (1977) based on their studies
in bengal gram recorded high genctiec variation for pods

per plant, pod weight per plant and hundred seed weight,

Soundarapandien et al. (1975) observed high
genotypic and phenotypic variances for number of pods per

plent end height of plant in black gram. Goud et al.(1977)
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recorded hichest genetic variebility for seed yield and

lowest for length of pod in black gram.

Lakshmi and Goud (1977) recorded high ccefficient
of genetic variation for height of plant, seed yield,
nuib=sr of pods, length of pod and hundred seed weight in
cowpea. Vaid and Singh (1983) studied eight yield related
charecters in 60 F3 and 50 F4 populations cf cowpea and
reported that brénch numbsr, cluster nurber and yield per
plent geve high vclues for phenotypic and genotypic
coefficient of verlastion. Patil and Baviskar (1987) reported
that in cowpea maximum range of vsrieticn was for grain yield
per plant followed by pods per plent, ciusters per plant
and deys to maturity. The genotypic and phenotypic coefficients
of veriation were higher for clusters per plant, pods ;er

plant, grain yleld per plant and hundred grein weight.

Gupta and Singh (1969) while studying 36 varieties
of green gram, recorded thet yleld per plant had high genetic
variability. Malhotre and Singh (1974) reported that in
green gram, numb.r of clusters, number of pods and se=ds
per pod were the most important yleld components accounting

for 96 [er cent of veriability in yield.
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Singh (1985) reported that in pea, grain yield,
plant height, pods per plant and branches per plant showed
a high degree of genetic variability and were highly &menable

to selection ag indicasted by high genetic advence.
Correlation of variables

Galton (1889) conceived the idda of correlation of

variables for the first instance.
Correleted variables in red gram

Joshi (1973) in correletion studies with pigeon
pea reported that seed yield was positively and significantly
correlated with the number of pods and number of branches.
The pod length and nunb r of seeds per pod were positively
correlated. The nunber of branches and number of pods per

plént were the main yield components,

Singh and Malhotrz (1973) recorded significant and
positiva associstion of yield with number of clusters per

plant, pods per plant and secondary branches in pigeon pes.

Vecraswamy et al. (1973 b) reported that in pigeon pesa
the nunb-r of clusters and pods per plant was found to be
the most reliable and useful index because they had genctypic

and phenotypic correlations with yield. The number of



branches per plant was also an important factor in
selection, because of high positive genetic association
with number of clusters and pods per plant. The number of
branches, clusters and pods per plant were the chief

characters which contributed to the yield of red gram.

Pankaja Reddy et al. (1975) reported in pigeon pea
that pod number and seed size were the most important
components contributing to yield. As the duration increased,

pod number, yield and seed size also increased.

Tiwari et al. (1978) with their correlation studies
in pigeon pea reported that seed yield and harvest index
were each positively correlated with plant spread and with
each other, Height of the first branch was negatively
correlated with number of pods per plant, seed yield and
harvest index. The number of pods was positively correlated

with the number of secondary branches and with seed yield.

Dani (1979) studied yield components in 24 varieties
of pigeon pea and reported that seed yield was correlated
with number of inflorescence, number of pods and number of

seeds per plant,

Ram et al. (1976 b) estimated the correlation

coefficlents among the economic characters between themselves
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and towards yield. They reported that the number of
primery branches showed positive association with clusters
per plant, pods per cluster, hervest index and grain yield

both at genotyplic as well as phenctypic levels,

Asawa et al.(1921) studied the chsracter
correlations in pigeon pea and observed that yield proved
to ve positively correleted with height, number of seccndary
brenches per plant, pod number per plant, seed number per

plant and number of days to meturity.

Singh et al. (1981) while stu?ying the yield
components in F‘ pregenies of pigeon pea reported that seed
yield per plant was positively correlated with pod number
per plant, plant height, number of days to 50 per cent

€lowering, se:=d number per pod and nunber of days to maturity.

Yadavendr: et al. (19¢1) reported in pigeon pea
that seed yleld per pléent wes positively correlsted with

number of pods per plant.

Ekshinge gt al. (1983) repor:ed that in pigeon pea
totel dry mattor and pod number prr plant were significantly

correlated with yield pur plant.
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Kumer and Reddy (1983) while studying genetic
asscciation in pigeon pea reported that pod number was
the most impcrtant yield component. In short group, number
of primary branches, pod bearing length and seed weight

were important yleld componcnts,.

wagh et al. (1983) with their correlation stuiies
in 79 varieties of pigeon pea reported thiat there were high
sicnificent vilues of correlations between grain yield per
plent and plant height, number of effective pods per plant
and hundred grain weight bocth at phenotypic and genotypic
levels, Number of effective pods and thousand grain welght,

however, showed negative phenotyplc correlation.

Jagshoran (1985) obtained significant desireble
assccistion between secd yleld per plant and pods per plant
and days to maturity which in turn - suggested that seed
yield could be incressed in red gram by selecting plants

with many pods and reasonabls early meturity.
Correlated variables in other pulses

Kambal (1969) recorded strong and positive
assoclation of yleld with number of pods per plent and
negative associaticn of secd weight with numcer of pods per

plant and number of seeds per pod in field beans. Joshi (1971)
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obtained high positive correlation between yield and
nurber ¢f pods, number of seeds per pod and number of
brenches in Indian brans. He also cobserved a high
genotypic correlation ccefficient, Sharma et al. (1977)
reported high genotypic correlation of yield with number

¢f nodes bearing pods in french beans.

Gupta et al. (1972) with their correlation studies
in benysl grem involving 4€é varieties, recorded significaent
and positive phenotypic correlation of yield with days to
50 per cent flowering, number of pods per plant and number
of seeds per pod. Khan and Chaudhary (1975) reported
positive correlations betwesn yield and height of plant,
number of primary, secondary and tertisry branches and
number of pods per plant and negative correlstion between
yield and seeds per pod and seed size in bengal gram.
Katiyar et al. (1977) recorded positive correlation of yield
with height of plant, number of branches ;er plant, number
of pods per plant and days to maturity in chick pea.
Narasimhaiah et 8l. (1977) observed high positive correlation
between yleld and number of branches, number of pods and
number of seeds per plant and seed weight, while days to
flowering and maturity showed negetive correlation with

yleld in chick pes. Oraon et al. (1977) observed ;ositive
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correlaticns of grein yield with number of pods per plant
and number of seeds per pod in chick pes. They furtier
noticed that genotypic ccrrelations were slightly higher
then phenotypic correlations, Katiyar et al. (1981) while
studying se=d yiecld &nd seven yield components in widely
varied lines of chick pea found that genotypic correlations
vere in greater magnitude than phenctypic correlations.
Adhikari and Panday (1982) reported that, in chick pea, seed
yield was positively correlated with primary branches ;er
plane, éeccndary branches per plant and number cf pods per
plant. Islam et al. (1984) in a correlation study in

chick pea reported that yield per plant was highly and
positivaly correlated with pods per plant and number of

secondery branches jer plant.

Vermez &nd Dubere (1970) observed positive association
of yield with number . £ pods per plant in black grem,
Furthex, they observed that pods per plant, length of pod
énd hundred seed weight contributed much towards yield.

Goud gt al. (1977) recorded positive correlation of yield
with height of plant, length of pods, seeds per pod and
thousand seed weight in black gram. They have also recorded

highest genetic variability for seed yield and lowest for
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length of pod., Muthieh and Sivesubramanian (1981)

reported that in black gram (!iggg EEESE) pod nunber,

pod yield, cluster numb:r, hundred seed welght etc. showed
positive genctypic and phenctypic correlctions with seed
yield. Rani and Rao (1981) studied eight characters on 12
varieties of black gram and reported thet number of pods
per plant, hundred seed weight and number of seeds per pod
showed high positive ccrrelaticns and high direct ef ects
on yield, Pod welight per plant and ped length were highly
and gositively correlated with yleld but with high negetive

direct effects.

Singh and Mehndiratta (1969) found that grain
yield was significently correleted with nunber of branches,
number ¢f pods, number of seeds ;er pod and hundred grains
weight in cowpea. Dumbre et al. (1982) in a study of the
genotypiec characters among 24 cultivars of Vigna sinensis
observed that height and pods per plant were significantly
correlsted with yield, Jindsl and Gupta (1984) in a
component analysis of yield in cowpea cbserved that plant
haignt, inflorescence per plant, pods per plant, pod length
and seeds per pod were significently and positively associated
with seed yield. Chikkadyavaiah(1985) reported that in

covpes, seed yield was positively correlated with number of
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branches per plant, fruiting bunches per plant, pcds per
plant, seeds jer pod and hundred seed weight. Patil and
Bhapkaer (1987) reported in cowpea that grain yield was
positively and significantly correlated with pods per

plant and grains per pod.

Singh and Malhotra (1970) while studying 75 strsins
of mung beéan, recorded significant assoclation cf yield
with number of branches, number of pods, length of pod,
numbaer of seeds per pod and seed size. They also observed
that genotypic correlations were higher than phenotypic and
environmentsl correlations. Tomas et zl. (1973) while
studying four yield componsnts in 22 genetic stocks of
mung bean, recorded positive correlation, of yleld with
nurb .r of pods per plant, length of pod, hundred seed weight
and number of seeds per pod. Choudhary and Singh (1974)
recorded strong associction of yield with days to flowur,
neight of plant, number of pods per plant and number of seeds
p2r pod in wung beans. Malhotra and Singh (1974) studied
the yleld components in 60 strézins of green gram and reported
strong correlaticn of yleld with number c¢f branches, number
of pods, number of clusters, number cf seeds per pod and
days to flowering. These characters vere significantly
assuclated toyethexr., They heve &lso reported that number of

clusters, numbosr of pods and seeds per pod were the most
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important yisld components accounting for 96 per cont

of veriability in yield. Shamsuzzaman et al. (1983)
reported in mung bean that pods yjer plant, primery branches
per plant &end seeds per pod were positively correlated

with yield per plant., Khen (1985) studied the yield
components in mung bean and reported that number of fertile
branches and number of pods had high heritability and were

positively correlated with yield.

Agarwsl and Kang (1976) cbserved significant
correlaticns between yield &nd pods per plant, hundred
grain weight, length of pod, height of plant and number of
brenches in horse gram. Shiveshankar gt al. (1977) while
studying hundred verieties of horse gram, observed positive
correletions of yield with height of plant, number of pods
per plant, number of seeds per pod and number of pods per
plant., Petil &nd Deshmukh (1983) reported that seed yield
was positively correlated with nurber of pods per plent,
number ¢f secondéry bréanches &nd hundred seed weight in

hoxrse gram.

Singh and Singh (1969) reported a close resemblance
between phenotyric snd ¢enotypic correlaticns, although
genotypic cerrelations were slightly higher then phenctypic

correlaticns in fisld pea. They also recorded that grein



[ 9)
[ 20]

yield was significently asscclzted with number of pods

per plant &and hundred seed weight, Sangha et al. (1971)
observed that weight of gre=n pods per plant and number

of pods per plant contributed much to grain yield in pee.
Narasinghani et sl. (1978 b) while studying 65 diverse
genotypes of pea, recorded that the seed yleld per plant
was positively associated with number of days to flower,
maturity period, neight of plant, number of branches, number
of pods per plent and number cf seeds per pod. 3Singh et al.
(1985) reported in pea that days to 50 per cent flowering,
days to maturlty, plent height, pods per plant and primary
branches per plent were pcsitively essociated with grain

vyield as well as witnh e&ch other.

Kaw and Menon (1972) studied yield components in
37 varieties of soyabezn and reported strong correlaticn of
yield with nuxber of pods, numb r of seeds, height of
plents, days to 50 per cent flovering and maturity. They
have also reported that genotvpic correlation coefficients
were mostly higher than the phenotypic correlation

coefficients.
Heritsbility, co-heritability and genetic advance

Genetic parameters like heritsbility, coheritability

and genetic edvence have becn often found to be of great
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use for assessing the relative importance of the

inherited and correlated variables. Hanson et al.(1956)

proposed the mathematical relaticnship of various estimates

on computation of heritability. Lush (1949) and Johnson
et al. (1955) devised a procedure for the calculation of

genetic advance under specified intensity of selection.

This attribute is generally expressed as the percentage and

in the broad sense it refers to the proposition of variances

due to genotype over the variance due to the phenotype.

Heritability, coheritability and genetic advance in
red gram

Hiremath and Talawar (1971) in a study on genetic
variability in pigeon pea observed high heritability with
low genetic gain in respect of primary branches, pods per
plant, length of pod and weight of thousand seed, where as
high heritability with high genetic¢ gain was observed in

case of plant hgight, pods per plant and yield per plant.

Rathnaswamy et al. (1973) reported in pigeon pea
that plant height, branches per plant, clusters per plant,
pods per plant, days to flowering had high heritability

and similar genetic gain.
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Ram et sl. (1976 a) observed hichest value of
heritability for clusters perxr plant followed by grain
yield per plent, primary bréenches and pods per cluster.
The clusters per plent showed the highest amount of

genstic advince,

S8ingh and Shrivestava (1978) reported in pigeon pes
that heritability estimates were highest for days to flowering,
followed by days to maturity, harvest index, seed yield
per plant and height of the primery branch., Plant spread,
nurber ©0f secondary brénches, height and days to flowering

combined high heritability estimates with high genetic advance.

Awatade et al. (1960 b) obscrved highest heritability
estimates for the cherecter height followed by hundred seed
weight in pigeon pea, The number of ciusters jer plant,
vield per plant and number of peds per plant hed high

heritebility estimates and high genectic aidvance.

Bainiwal et 8l. (1981) reported high genstic advance
for seed yield, secondary branches, plant height and primary

branches in pigeon pea.

Singh &nd Srivastev (1981) reported tne highest broad

sense heritability in pilgyeon pea for hundred seed weight.



Yadavendra et al. (1981) observed maximum
heritability 4in pigeon pea for test weight (91.76 pexr cont)
followed by nuub.r of seeds per pod (90.41%). The expected
genetic advence exgressed as a percentage of the mean renged
from 13,86 for pod length to 32.62 for number of pods

per plant.

Dumbre &nd Deshmukh (1983) reported in pigeon pea
that broed sense heritability estimates were high for days
to first flowering, maturity and hundred grain weight and
higher heritability with high genetic advance was cbserved
for the cheracters like plant height, pods per plant, days

to maturity and days to first flowering,

Shoran (19€3) reported high heritability estimztes
eand moderate to high genetic advance for pods per plant,
deys to meturlity, plant height and days to flowering in all

environments.

Suresh Kumer &nd Reddy (1983) observed high
heritability coupled with high genetic advance in pigeon pea
for the cheracters seed weight, pod clusters ;er plant,
days to flower, days to maturity, plant height and pod
nurber.

More gt al. (1984) suggested the effectiveness of

selection in pigeon pea for the character pods per plant
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which showed moderate heritability with high:r genetic
advance.

Heritability, coheritability and genetic advance in
othex pulses

Cyone (1968) reported that heritability was very

low for total seed yield in field beans,

Sandha and Chandra (1969) made neritability studies
in bengal gram, &nd found high heritebility values for
primary and secondery branches. Gupta et al. (1972) observed
high heritability values for number of seeds per pod and
hundred seed weight in bengal gram. Joshi (1972) reported
high heritability and genetic advence for nuwber of pods
per plant in bengal gram. 8ingh et 8l. (1973) observed
high heritability for hundred seed weight and low heritability
for number of seccndary branches in bengal gram. Narasimhaiah
et al. (1977) recorded high genetic advance for yield of
pode, numrber of pods per plant end yield of seed in chick pea.
Dumbre gt al. (1964) observed high heritability velues of
80 per cent with relatively high genetic advance for the
charactexrs like seed per pod, seed yield per plant and
hundred seecd weight in chick pes. Khorgade et al. (1985)
observed high heritasbility (90%) for the characters seed
irndex (100 seed mass) seeds per pod and time to 50 rer cent

flowering in chick pea.



[

}»-&

Soundrapandian et al. (1975) observed high
heritability for length of pod and height of plant in
black gram. Patil and Shah (1982) observed high herita-
bility in conjunction with low genetic advance for seeds
per pod, hundred seed weight and pod per clusters in

black gram.

Lakshmi and Goud (1977) recorded high heritability
for number of seeds, height of plant, length of pod and
hundred seed weight in cow pea. Vaid and Singh (1983)
while studying eight yield related characters in cow pea,
observed high heritzbility and expected genetic advance
values for branch number, cluster number and yield per plant.
Dharmalingam and Kadambavanasundaram (1986) reported in
cow pea that pod length, hundred seed weight and harvest
index showed the highest heritability. Patil and Baviskar
(1987) reported in cow pea that heritsbility estimates were
highest for hundred grain weight followed by days to
maturity and pod length. The expected genetic advance was
also high for clusters per plant, pods per plant, hundred

grain weight and grain yield per plant.

Gupta and Singh (1969) while studying 36 varieties
of green gram, recorded that yleld per plant had high genetic

variability and medium heritability but low expected genetic
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advance. Srivestav et al. (1977) observed high herita-
bility for days to flowering, length of pod snd width of

pod in green gram. They have zlsc observed high genetié
advance for number of seeds .er pod. Veeraswamy et al.

(1973 @) observed high heritzbility for days to flower,
height of plant, number ¢f clusters and number of branches

in green gram. They hive also cbserved high gencetic advence
for number of clusters, number cf branches per plant,

height of plant and number of pods. Length of pod and number
of seeds per pod showed moderate to high heritability and

low genetic advance.

Sreekzntaradhys et al. (1978) while studying 48
virieties of horse gram, recognised high heritebility and
genetic advance for number of nodes, nurber of branches,
nurber of pods, height of plant and yield of seed. Agarwal
and Kang (1976) observed high genstic advance for pods perx
plent, hundred grain vweight and grain yield per plant in
horse gram. Shivashasnksr et al. (1977) wnile studying
hundred varieties of horse gram, recorded that primary
branches, secondary branches, days to 80 p~or cent flowering,
numb .x of nodes per plant and hundrad sead meichi uene isiehlse.
heritable, while height of plent, number of se=ds per pod,
number ¢f pods per plant and yleld showed low heritability.

Patil and Deshmukh (1982) reported in horse gram that seed



vield, number of secondary &and primary branches and

pods per plant showed high heritsbility and high expected
genetic advance in two successive years. Ganeshaiah et al.
(1984) reported in horse gram that days to flowering showed

the highest heritability (94.23%).

Koranne and Singh (1974) reported high heritability
fcr flowers ;er peduncle, pods pcor peduncle, pods per plant,
length of pod and hundred seed weight, while very low

heritzbility for yield in peas.
Path coefficient analysis

The path coefficient anslysis devised by Wwright
(1921) 1is an effective means of examining the direct and
irndirect relaticnships permitting & criticel examination of

the specific fectors that produce & given correlaticn.

Devey and Lu (1959) recommended the path coefficient
analysis as a potent method for resolving the aeccurate and
dependable criteria in sel ‘cticn procedures in breeding

progremmes.

Path coefficient analysis in red gram

Singh and Malhotra (1973) while studying yield
components in plgeon pea stated that number clusters per

plant was the main yield component in pigecn pea.
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Pokle and Mohatkar (1975) reported that pod

number per plant had & higher direct effect in pigeon pea.

Veeraswamy et al. (1975) while studying path
anelysis recorded that the number of branches showed maximum

influence both directly &nd indirectly on seed yield,

Wakankar and Yadav (1975) while m=asuring the direct
and indirect effects cof yield components in arhar, observed
that pod number had the highest positive Adirzct effact on
seed yield, followed by number of secondary branches and
hundred seed weight. They h ve alsc comcluded that selecticn
for seed yield should be based on high number of pods,
secondary branches and a high seed index and & ncnspreading

habit.

Ram gt al. (1976 a) while studying path analysis
reported in pigeon pea that the primary brenches, cluster
per plant and pods per cluster contributed dirsctly as well

as indirectly to grain yield,

Awatade et al. (1980 a) reported in pigeon pea that
when seed yield and seven yield components vere investigated,
only nunber of clusters per plant and 100 seed weight wvere

found to affect yleld directly.
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Malik et al. (1981) while studying path
coefficient analysis in pigeon pea observed that days to
maturity, plent spread, clusters per plant and pods per
plant proved to be the chief characters contributing to

seed yield.

S8ingh and Shriveastava (1981) reported in red gram
that the number of pods per plant had a slight positive and
direct effect on seed yield but had a merked positive and
indirect effect through 100 seed weight and the number cf
primery brenches. Pod bearing length also had a marked
indirect effect through hundred seed weight and the number
of pods per plant. The number of primary brenches had a
strong positive and dir:c¢t effect on yield but streong
netstive and indirect effects through pod bearing length and

hundred seed weight.

Kumer et 2l. (1982) observed in path coefficient
analysis studies in red gram that pod numt.er, plant height
and number of primaery branches had large positive direct

effects on yield per plant.

Shoran (1982) reported in arhar that yods per plant
had the highest direct effect on seed yield followed by

hundred seed weight, se=ds per pod and dsys to flowering.
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Balyen and Sudhakar (1985) observed while
estimating the path coefficients in arhar that days to
maturity, number of pods per plant, number of seeds per pod
and hundred seed weight were found to have high direct

effects on yleld,

Bainiwal and Jatasra (1985) in a path coefficient
analysis cf se=d yield per plent and nine quantitative
characters based on data from 29 red gram genotypes, revecled
that seed yield was positively and significantly correlated
with days to flowering, plent height eand primary branch
nurber per plant; plent height having the strongest direct

effect on yleld.
Path coefficlient anelysis in other pulses

Phadris et al. (1970) studied 45 chick pea varieties
and reported that the number of pods per plant, number of
seeds per plant and hundred se=d weight were the major
factors detcrmining yield. Katiyar gt al. (1977) recorded
that number of branches per plant had higher pcesitive direct
effect on graoin yield followed by number of pods per plant
in chick pea. The direct effect of height of plant and
days to maturity on grein yield was high and negative.
Jatesra et al. (1978) conducted path analysis in chick pea



and recorded that seeds per pod and hundred seed weight
should be given due emphasis while selection for high
yield. Katiyar et al. (1981) reported in chick pea that
number of days to floweriny had a high negative direct
effect on seed yield. Adhikeri and Pandey (1982) studied
16 characters on 36 chick pea genotypes a2nd reported that
days to complete flowering, pods per plant and hundred seed
weight had important direct effect on ylelds. Singh et al.
(1985) in a path coefficient anelysis in chick pea, recorded
that seeds per pcd head the highest direct effect on yield,
while most of the other characters affected yield directly

via pods per plant.

Soundarspandian et al. (1976) studied path
coefficient analysis in black gram and reported that height
of plant and number of clusters had direct and indirect
effect on seed yield. Sandhu et al. (1980) while attempting
path analysis in 268 str:ins of urd bean affirmed strongly
that selection criterie should be based on early flouwering
less:xr plant height, higher fruiting nodes and larger pods.
Muthiah end Sivesubremanian (1981) recorded in black gram,
that pod yield and pod number were the most important
treits determining seed yield per plant. Rani and Rao (1981)

showed}ﬂhrouqh path coefficient analysis in black gram that
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selections should be based on large seeds, number of pods

per plant and number of seeds per pod.

S8ingh and Mehndiratta (197C) showed that pods per
plant, grains per pod and hundred grain weight directly
contributed to grain yield in cow pea. Kumar et al. (1976)
with their path coefficient studies in cow pee, recorded
that number of clusters per plant, number of pods per plant
and hundred seed weight had high Jdirect effect on pod yield,
They have also suggested these characters as reliable
selaction indices in cow pea. Jena gt al. (1983) while
studying path analysis of pod yield components in cow pes
indicated that pod number per plant had the highest direct
effect on pod yield per plant. Kumar et al. (1983) reported
in cow pea that selection for pods per pedunicle, pod
length and width, peduncle length and days tc 850 p=r cent
maturity would increase seed yield. Jindal and Gupta (1984)
observed in cow pea that bunches of pods per plent, seeds
per pod and length were the major components contributing
directly to seed yield. Padhye et al. (1984) reported in
cow pea that pods per plant and seeds per pod showed the
highest positive direct phenotypic end genctypic effects respe-
ctively on yield. Chikkadyaveish (198S5) reported in cow pea
that plant spread, pods per plant and seeds per pod had direct

effect on seed yield. Choulwar and Borikar (1988) while
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studying path analysis in cow pea observed that number
of seeds per pod and length of pod had greatest direct
effects on seed yield per plant. Obiseran (1985) reported
in cow pea that most important yield components were number
of pods per plant, 100 seed weight and number of seeds

per pod.

8ingh and Malhotra (1970) who conducted path
coefficient analysis with 75 strains of mung bean reported
that pods per plant, seeds per pod and seed size were the
yield components. Further, they reported that seed size
had negative indirect effect on yield through seeds per pod
and pods per plant and vice versa. Giriraj and Vijayakumar
(1974) while applying path coefficient analysis in mung bean,
observed that length of pod, days to flower and height of
plant had positive direct effect on seed yield. Height of
plant and days to flower had negative indirect effect
through length of pod and hundred seed weight. They concluded
that maximum weightage should be given to length of pod,
days to flower and height of plant while formulating
selection indices for seed yield in mung bean. Malhotra and
S8ingh (1974) while examining yield components in green gram,
reported that pods per plant had the highest direct and
indirect effect on seed yield. Singh et al. (1977) with

their path coefficient studies in green gram reported that
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number of primary branches, number of cluster per plant,
number of pods per cluster and number of pods per plant
had significant association with grain yield. Number of
seeds per pod showed lack of association with yield.
Primary branches and number of clusters per plant exhibited
indirect contribution to grain yield., The pods per cluster
and pods per plant contributed direct and indirect effects
on grain yield. They have also concluded that number of
pods per cluster and number of pods per plant were to be
considered as major yield components. Boomikumaran and
Rathinam (1981) while studying eight yield characters among
49 lines of green gram observed that height, number of pods
per cluster and number of clusters per plant had the most
important effects on seed yield. Malik and Singh (1983)
while studying multiple correlation and regression analysis
on 81 green gram genotypes indicated that a combination of
branch per plant, pods per plant and seeds per pod was
better than any single one for effecting improvement on
seed yleld. Thandapani and Rao (1984) in a path coefficient
analysis in green gram showed that clusters per plant had
the greatest direct effect on yield, while pod length and
seed weight were also directly associated with yield.
Thulasidas (1984) in a multiple regression analysis in green

gram observed that pods per plant, days to maturity, pod
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length and hundred seed weight in that order were
relatively important for their contributions to yield.
Vidhyadhar et al. (1984) in an analysis of data on yield
and ten yleld related and other quantitative trcits from

36 green gram genotypes revealed that number of pod
clusters per plant and seeds per pod and hundred seed
weight had direct effects on seed yield. Khan (1985) in

a path coefficient analysis of yield components in mung bean
indicated that number of pods had a high positive direct
effect on yield while number of fertile branches had a

negative direct effect.

Agarwal and Kang (1976) while applying path
coefficient analysis in horse gram, observed that pods per

plant contributed much for seed yield.

Singh and Singh (1969) with their path coefficient
studies in 40 field pea varieties, found that number of
branches, number of pods per plant, number of seeds per pod
and hundred seed weight were the important factors determining
grain yield. Chandel and Joshi (1976) recorded that number
of seeds per pod, number of pods per plant and hundred seed
weight had positive direct effect on seed yield and the
number of days to flower had a negative direct effect on
yield in yellow grained peas. Kalloo and Dhankar (1977)

concluded from path coefficient analysis of 64 varieties of



pea, thet number of pod clusters, nunber of pods per plant
and number of branches per plant were the major yield
components. Narasinghani et al. (1978 a) while studying
path anaelysis in pea indicated that hundred seed weight head

positive direct effect on grain yleld.

Gupta and Kataria (1971) based on results from
path analysis in soyabean, reccrded that maximum weightage
should be given to days to maturity and leaves per plant for
the improvement of soyabean by selection. Lal and Haque
(1971) stulied 36 varieties of soyabean and reported that
hundred seed weight and number of pods hed high positive
direct effect on seed yleld, Further they observed that
hundred seed weight had negative indirect effect on seed
yield via number of leaves, totel leaf area, plant height,
nurmber of nodes and nunber of pods. Kaw and Menon (1972)
while studying 37 varicties cf soyabe&n, stated that the
yield components were number of pods and days to maturity.
Choudhary and Singh (1974) while measuring the direct and
indirect effects of yield components in soyabecn, recorded
that number of pods yper plent and seed size had high direct
effects towards yleld. Veeraswamy and Ratnaswamy (1975)
reported number of pods per plant as the mejor yield
contributing cheracter in soyabean, followed by hundired seed

vweight and number of nodes. Patirana and Gushov (1979)
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while studying 11 varieties of soyabean, observed that
number of seeds per pod and single seed weight were the
major yield components and concluded that selection for
these two characters would be an effective method for

increasing seed yield.
Discriminant function

Discriminant function technique was developed by
Fisher (1936) and Smith (1936) wherein, it was shown that
selection for yleld could be made more efficient, if the
basis of component traits that went to make up the crop
yield and the relationship between those characters and yield
were studied. This formed the basis for the formulation of

selection index.
Discriminant function in red gram

Gunaseelan and Rao (1976) while studying the
discriminant function in arhar recorded that the major
components that exerted maximum influence on yield in pigeon

pea was plant height and number of pods.

Malhotra and Sodhi (1977) conducted discriminant
function technicues in pigeon pea and reported that number

of branches, number of pods and number cf clusters should

be given due weightage for an effective selection.
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Sharma and Asawa (1977) while studying path
coefficient analysis and selection indices for segregating
population of arhar, observed that most efficient selection

criteria was pods per plant.

Shrivastava et al. (1977) estimated selection
efficiency using discriminant function in pigeon pea.
They reported that direct selection for yield in pigeon pea
was superior to selection based on any component alone or
in combination. Further they recorded that the efficiency
of selection was highest when selection was based on
combination of yield with number of primary branches and pod
bearing length or with number of primary and secondary
branches with pod bearing length and number of pods per plant

or with pod bearing length and hundred seed weight.

Reddy et al. (1979) while studying the combining

ability and selection index in ¥, generation of pigeon pea

2
crosses observed that plant height was an important
attribute and was effective as yield. Plant height, seed
weight, length of pod bearing branch and number of pod

bearing branches furnished criteria for selection.
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Discriminant function in other pulses

Panagua and Pinchinat (1976) reported that improved
seed yield in franch beans could be achieved by selection
for a high number of pods per plant, seeds per pod and
nodes per plant. Davis and Evans (1977) after studying 112
breeding lines of field beans, reported that efficiency of
selection would not be improved by including information of
yield components. But they have concluded that 10 per cent
improvement was predicted if informations on total numb-~r
¢of nodes, number of inflorescences and hypocotyl diameter
were included. 8ingh end Singh (1972) constructed selection
indices in field beans by studying yield and yield related
cheracters in 48 genotypes. A maximum relztive efficiency
of 28 per cent over straight selection for yield was achisved
when all characters were teken into consideraticon. The data
shovwed that number of pods per plant, number of seeds per

pod length were the major yield components.

Mital and Thomas (1969) recorded that number of
brenches and totsl numb r of pods when tsken together,

would form the best index in bengal gram.

Baner jee et al. (1976) during their discriminant
function studies with 16 vearieties of black gram recorded

that an index based on & combination of yield and days to
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flowering and number of pods were more efficient,

Singh et al. (1976) studied 36 strains of black gram and
reported that use of discriminant functicn based on &
single chearacter was not superior to direct selection for
yield. The relative efficlency of selection was highest
when discriminant function was based on number of primary
brenches, number of clusters per plant, number of pods per

cluster &and grein yield per plant.

Tikkxa et al. (1977) reported in cow pea that
selection based on single characters would not be more
efficient, thean direct selection for seed yield exceyt in
the case of numb-:r of pods per plant, They have also
concluded that the most efficient selection index included
height, pods per plent and 100 seed weight. Tikke and Asawa
(1978) while stulying selection indices in 17 verieties
of cowpea, recorded 100 seed weight as the steble selecticn
component for increased yleld. Murthy (1982) constructed
& selecticn index in cow pes consisting of traits - pod
nurber of plant, pod length, seed number per pod, test
welght &nd yleld, and found thet this wes more effective

tnen selection for seed alone.

Singh and Mehndiratta (1970) studied yield

components in 40 str«ins of cow pea and cbserved that
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discriminant function on two yield components viz.,
grains per pod and hundred seed weight and three yield
components viz., grains per pod, hundred seed weight and

pods per plant, were superior in selection for yield.

Malhotra and Singh (1974) recorded that sel:ction
for yield in green gram based on number of clusters,
numnber of pods and number of seeds per pod was 30 per cent
superior. Singh et al. (1977) while studying 53 lines of
mung bean, reported that an index based on number of
primary brenches per plant, number of clusters perxr plant,
number of pods per plant and number of seeds ;zr pod would
be most efficient for yield improvement. Malik et al. (1982)
while studying seven treits on 50 genotypes of green gram
obsexrved that simulteéneous selecticn for pods per plant,
seeds per pod and seed weight was superior to selection
for yield slone and also resulted in the greatest genetic
advence. Misra (1985) while constructing selection indices
in green gram ooserved that criterion for the choice
of cheracters for inclusion in the indices was their
direct effect on yield, assessed by path analysis. The
most effective index comprised pods per plant, 1000 seed
welight, seeds per pod, reproductive period, cluster peor

plant and yield per plent.



Singh and Singh (1972) based on results from
discriminant function studies in 40 varieties of field
pea, recorded that selection based on combination of
certain characters would be more effective than that based

on a single character.

Wu (1966) while studying discriminant function
in eleven characters of nine varieties of soyabean,
concluded that height of plant was the best and number of
branches, the worst character for descrimination on between
any two varieties., Malhotra (1973) while attempting
discriminant function technique in soyabean suggested that
a function based on pods per plant, primary branches and
seeds per pod was best for the selection of high yielding

lines.
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MATERIALS AND METHODS

The studies reported herein, were undertaken
in the Department of Agriculturzl Boteny, College of
Horticulture, Vellanikkare, during the period 1983-86.
The experimental farm attached to the College is located
at an altitude of 22.5 m above M.S8.L, and is situated
batween 10° 32" N leatitude 2nd 76° 10" E longitude
Geogrepniczlly it fslls in the werm humid trcpicsl climatic

zone. The soil type of the experimental site is sandy loam.
A, Materials

One hundred and twelve genctypes of Red gram’

(Cajanus cajen L. Millsp) exhibiting wide diversity in the

expression of various economic characters constituted the
material for this study. Of these 112 genotypes, 86 were
obtained from the germplasm collection maintzined at the
Regicnal Centre of the Naticonal Bureau of Plant Genetic
Resources, Vellanikkarz and 26 -~ from Tamil Nadu Agricultural
University, Coimbatore. Particulars of the genotypes

included in the study are furnished in Table 1.



Table 1.

[op]

Particulars of the one hundred and twelve genotypes
of red gram used in the study

Accession N.,B,P.G.R. Varietal
Number accession name 1if Source
number any
1 2 3 4

V1 NBPGR No.115 PLA-600 Delhi collection

VS NBPGR No.114 PLA--550 Delhi collection

V4 " 78 Kerzla local Local collection from
Kexrala

Vrs K" 53 " [ ]

Vrts " 63 ”n ]

VV " 13 IC 16211 Dalhi collection

VB " 109 PLA 459 "

Vg " 77 Kerala local Local collection from

’ Kerala

V'.lo Landend 8014 T.N.A.U.COimbatOl‘e

V11 - E.E.76 "

Vlz NBPGR-55 Kerala local Local collection from
Kerala

V13 NBPGR-2 ICRISAT-7414 ICRISAT

V14 " 20 IC 16204 Delhi collection

V15 " 49 Kerala local Local collection from
Kerala

Vis - DL-78-1 T,N,A,U,Coimbatore

Vi7 NBPGR~12 Kerala local Collected from Kerala

vie NBPGR-~19 IE-~-16211 Delhi collection

(Contd.)



Table 1 (contd.)

1 2 3 4
V19 - UYPAS-120 T.N.A.U.Coimbatore
v20 NBPGR-10 ICRISAT-8395 ICRISAT
V21 NBPGR-101 PLA 215 Delhi collection
V22 - ICPL-1 T.N.A.U.Coimbatore
Vas - DPI-711 "
V24 NBPGR-81 ICRISAT-3795 ICRISAT
V25 NBPGR-74 Kerala local Collected from Kerala
Vs - ICPL-85 T.N,A,U.Coimbatore
V2.7 NBPGR-35 Kerala local Collected from Kerala
V28 NBPGR-5 ICRISAT-8345 ICRISAT
V29 NBPGR«86 Karnatake local Collected from Karnataka
V30 " 59 Kerala local Collected from Kercla
Vi, - H-76-19 T.N.A,U.Coimbatore
V32 NBPGR-60 Kerala local Collected from Kerala
Vi - CORG-1 T.N.A.U.Coimbatore
V34 NBPGR-28 Kerala local Collected from Kerala
V35 * 128 ICRISAT-8386 ICRISAT
V36 - TAT-10 T.N.A,U.Coimbatore
v37 NBPGR-57 Kerala local Collected from Kerala
V38 - H-77-216 T.N.A.,U.Coimbatore
Vig NBPGR-106  PLA-37 Delhi collection
v NBPGR-69 Kerala local Collected from Kerala

>
o

(Contd.)



Table 1 (Contd.)
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1 2 3 4

V41 - Prabhat T.N.A,U.Coimbatore

V‘z NBPGR-15 IC-15709 Delhi collection

W‘3 NBPGR-102 PLA-309 Delhi collection

44 " 83 Karnataka Collection from Kernataka

Local

V45 " 61 Kerala local Collected from Kerala

V46 " 43 " "

Vaq " 119 PLA 639 Delhi collection

Vis ® 16 IC-15720 "

Vo " 48 Kerala local Collected from Kerala

VSO . 23 1IC-33521 Delhi collection

Vgq " 52 Kerala local Collected from Kerala

V52 " 110 PLA-465 Delhi collection

V53 * 129 Gurupura "

V54 " 42 Kerala local Collected from Kerala

VSS * 124 PLA-345-1 Delhi collection

V56 " 27 Kerala local Collected from Kerala

VS7 " 94 Karnataka Collected from Karnataka
local

Veg - H-76-18 T.N.A,U.Coimbatore

ng NBPGR-40 Kerala local Collected from Kerala

VGO n 1 ICRISAT-7385 ICRISAT

(Contd.)
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Table 1. (Contd,)

1 2 3 4

Ve1 NBPGR~54 Kerala local Kerala state

v62 " 87 Karnataka local Karnataka state

V63 " 24 ICRISAT-379% ICRISAT

V64 " 76 Kerala local Kerala state

V65 " 39 Kerzla locel Kerala state

v66 * 123 Kerala local Keralz state

V67 " 18 IC-16193 Delhi collection

v68 " 8 ICRISAT-8362 ICRISAT

Veo " 107 PLA-379 Delhi collection

V70 - H-76-46 T.N.A,U,, Coimbatore
Vaq - H-76-48 "

sz NBPGR-93 Karnataka locel Karnataka state

V73 " 58 Kerala local Kerala state

v74 " 84 Karnataka locsl Karnataka state

v75 - H-76-20 T.N.A,U., Coimbatore
Vas “« 21 IC-16211 Delhi collecticn

V77 * 7 ICRISAT~Var ICRISAT

V78 " 99 PLA-191-1 Delhi collecticn

Vae & CORG=-5 T.N.A.U., Coimbatore
V80 NB#GR~117 PLA-6091 Delhi collecticn

Va1 " 6 ICRISAT-8349 ICRISAT

(Contd.)
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3%

1 2 3 4

V82 NBPGR-~-46 Kerala local Collected from Kerala
V83 - H-77-169 T.H.A,U,, Coimbatore
V84 NBPGR-84 Karnataka local Karnataka State

V85 " 75 Kerala local Kerala State

Ve " 103 PLA~345 Delhi collection
Va9 * 116 PLA-606 "

V88 " 25 Kerala local Kerala State

Va9 " 81 Kerala local Kerala State

Vgo " 79 " "

Vo, " 30 " "

ng - H-77-208 T.N.A,U,, Coimbatore
Voi - CORG=-2 "

V94 NBPGR-108 PLA-349 Delhi collection
Vog - H-76-32 T.N.A U,, Coimbatore
Vg6 NBPGR-14 ic-15708 Delhi collection
Voq - VL-23 T.N.A,U,, Coimbatore
Vog NBPGR-113 PLA-529 Delhi collection

Voo " 108 PLA-439 "

V100 - H-77-215 T.N.A,U., Coimbatore
V101 NBPGR-11 EC-10046-1 Delhi collection
V102 " 37 Kerala local Kerala State

(Contdo )



Table 1. (Contd.)
1 2 3 4
V103 NBPGR-37 Karnataka local Karnataka State
Vios4 " 29 Kerala local Kerala State
Vios "~ 98 PLA-194 Delhi collection
" ”
V106 112 PLA-591
[ ;]
V107 121 PLA-654 "
"
V108 104 PLA-3451 "
V109 v 34 Kerala local Kerala State
V110 ®» 56 Kerala local Kerala State
V111 - H-76~51 T.N.A,U,, Coimbatore
v " Co~2 "

112




B. Methods

Experiment Number 1

With a view to finding out the genetic
diversity in Red gram, a field experiment was laid out in
June 1983 incorporating the 112 genotypes menticned above.
The experiment was laid out in 112 x 2 R.B.D., each of the
genotypes constituting one treatment. The spacing adopted
was 1 m between rows and 50 cm between plants in a row
with 12 plants per genotype. ©Seeds were dibbled on raised
beds in a row on 24.6.1983 at the rate of 2 seeds per hole
and subsequently it was thinned to one seedling per hole.
The crop received timely management care as per the

recomnendation given in the Package of Practices of K.A,U,1981.

All the observations were confined to 10 plants
per genotype leaving one plant on both the sides fer
eliminating the border effects. Thus observations on the
following eleven economic characters were recorded from

112 x10 x 2 = 2240 plants.
1. Helght of plant at harvest (xl)

Helight of plants at harvest was measured from

the ground level to the tip of plant and expressed in cm.



2. Number of primary branches at harvest (x,)

All the primary branches in each plant were
counted and recorded at the time of harvest.
3. Number of secondary branches at harvest (x3)

Total number of secondary branches of each plant
at harvest was counted and recorded.

4. Number of clusters per plant (x4)

All the productive clusters of pods in each plant

were counted and recorded.
5. Number of pods perxr plant (35)

All the seed bearing pods in each plant were

counted and recorded.
6. Length of pod bearing branches (x6)

The length of individual productive branch (pod
bearing branch) was measured in cm and the total length of
all productive branches per plant was calculated. This was
divided by the number of pod bearing branches in a plant

and the mean value in om arrived at.



7. Number of days from sowing to 350% flowering (x7)

The day on which 350% of the plants in esch row
flowzred was noted and the duratiocn in dzys from the day

Of sowing to this day was worked out for each genotype.
6. Number of days from sowing to harvest (xa)

The number of days taken by individual plants
from sowing to harvest was noted, all the plants constituting

in the sample in each plot being hasrvested cn the same day.
9. Number of seeds per pod (xg)

A random sample of 100 pods per plant was taken
for estimation of this treit. 1In cese of plants having
less then 100 pods all the pods were taken., They were then
shelled and the totel number of seeds obtsined was divided
by the number of pods for arriving at the number of seeds

per pod,
10. Hundred seed weight (xlo)

Welght of hundred seeds chosen at random from
individual plants in & treatment was found out and the seme

ex.ressed in g.

11. Seed yield (y)

Seed yield obteined from each plant was estimated

after normel drying &nd the same was expressed in g.



Statisticel anzlysis

The data in respect of eleven metric traits
were collected from all the 112 genotypes (treatments)
at the rate of 10 individual observaticns from the 10 plants
in a genotype. The genotype/treatment mean was then

arrived at and these means were utilized for further analysis.

The genetic distance among 112 red gram
genotypes was celculated considering all the 11 quantitative
characters. The method suggested by Mahalanobis (1928)
was used to estimate D2 with xl, Xas x3 “« s o s w @ x11
as the multiple measurements available on each genotype

-& -2 -1 -2
and dl' dz' d3 e vsseosee dll as xl fand 3(1 ? x2 had 1(2 ’

x;1 - xsz e o b ee v v s x;} - ng being the differences
in the means of two genotypes where power denoted

genotypes and suffix denoted characters.

The D2 value obtained for a pair of populations

was taken as the calculated vazlue of x2 and was tested
against the tabuleted vélue of x2 for 'P' degrees of

freedom, where P i8 the number of characters considered.

Grouping of varieties to clusters was done by

Tochers®' method (Rao, 1952).



Experiment 2

All the 112 genotypes of the 1lst experiment were
found to fall into five clusters based on the D2 values
estimated. Based on the intracluster distances, 20 genotypes
representing the broad spectrum of variability present in
the crop were selected and utilized in the second experiment.
The particulars of genotypes selected and utilized in this

experiment are given in Table 2.

In order to keep the viability of seeds, the
above 20 genotypes were grown in nonreplicated study plots

of 1 m x 10 m during 1984.

This experiment was laid out in a 20 x 4 Randomized
Block Design, adopting a spacing of 1 m x 0.5 m and a plot
size of 5 m x 3.5 m. Seeds were dibbled in rsised beds on
19.7.1985% in rows spaced 1 m apart at a distance of %0 cm
between plants in a row. Each plot contained five rows of
six plants in each row. The crop received all timely manage-~
ment care and practices as per the recommendations given in

the Package of Practices of K.A,U., 1981.

Observations on eleven economic attributes listed
earlier were recorded from the middle twelve plants of each

plot leaving one row all around for avoiding border effect.
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f genotypes selected for the second experiment

Tr. .

ﬁg. Agg. C;g?ter Name of the variety Cheracters for vwhich selected

Tl VSS I1x NBPGR 124-PLA-345-1-Delhi collection Higher number of seeds per pod:
longer duration.

Tz V" IIX NBPGR 48 - Kerala local Increased primary and seccndary
branchess longer pod bearing
branch.

T \'/ 11 H~76-46 (Tamil Nadu Agrl. University) Tall plant habit; hicher number of

3 70
seeds per pods longer duration.

T, vvs b & ¢ CORG=S ( " ) Higher number of clusters per
plant; higher number of pods per
plant; low 100 seed weight.

TS vzs Iix NBPGR 74 - Kerala local Medium plant height:; medium 100
seed weight; higher number of
seeds per pod.

T v 11X NBPGR 76 - Kerala local Long flowering durationy medium

6 64
yield per plant.

T7 v12 I NBPGR 85 -« Kerala local Tall plant habit; medium number of
primary branches and seccondary
branches; medium 100 seed weight;
shoxrt duration.

Ta v66 I NBPGR 123 - Kerala local Tall plent habit:; high yield; long

flovering duration

(Contd.)



Teble 2. (Contd.)

Tr. Aec. Cluster Name of the variety Charactexrs for which selected

No. bNo.. No.

Tg Vm1 I NBPGR 11-EC~10046-1 Delhi collection Medium primary and secondary

B 7 branches; higher nuirber of pods.
long pod bearing brenchess higher
nurber of seeds per pod;
short duration.

T11 773 I NBPGR 58 - Kerala local Medium heicht; lower number of
primary branches; medium 100 seed
welights short duration.

T  { I NBPGR - 56 Kdrala locel Short pod bearing branchs higher

12 110
nunber of seeds per pod; short
flow ring duration.

T13 Vl v NBPGR 115-PLA-600 Delhi collection Tall plant heighty medium nurber of
primery and secondesry branches;
long pod bearing branch; long
flowzring Juration.

T v II H=76-32 Tamrdl Radu Agrl. University Medium number of clusters per plant:

14 98
short duraticn.
T15 V93 11 CORG=~2 " Medium 100 seed weight; medium yield:

short flowesring duration.

{Contd.)



Table 2 (Contd.)

g:: A;g: Cl:;?er Rame of the variety Characters for which selzcted
?16 A/ 11 H=77-169 Tamil Nedu Agrl. University Higher 100 seed weight
T17 V58 11 H-76-18 " Short duration
T v il H~76-~48 " Long flowering duretion, medium

18 71 "

100 se=d weight.

T19 V3 v NBPGR, 114-I'LA-S550 Delhi collection Low number of primary branches
TZO V45 I NBPGR-61 Kerala locsl Dwarf plant habit; low number of

secondery branches, cliusterg per
plant, and pods per plant;
snort pod bearing breanch;

few seeds per pods low yield:
short flowering duration.

[SSNS)
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Thus . total number of plants from which observations were

recorded worked out to 12 x 20 x 4 = 960.
Statistical analyses

The data collected in respect of eleven metric
traits were tabulated and subjected to the following

statistical analyses.
1. Analysis of variance

Analysis of varlance was worked out for all the
eleven characters, to find out whether there were significant

differences between the genotypes in respect of the characters.

For the analysis of variance, the procedures
described by Panse and Sukhatme (1957) were used.

2. Estimation of variability, heritability, genetic
advance and genetic gain

a) Variability

Variability existing in the various characters
under observation was estimated as per the procedure
suggested by Burton (1952). The formulae used in the esti-

mation of genotypic and phenotypic variances are as follows.

Genotypic variance (GV) = TM-EM

Number of replications



where TM is the treatment mean square and EM 1is the
error mean square from the analysis of variance.

—
Genotypic standard deviation = /(9 = /GV

Genotypic coefficient €f variation (GCV) = /g x 100
Mean

Phenotypic variance (PV) = GV + EM

Phenotypic standard deviation g@ = /PV

Phenotypic coefficient of variation PCV = ® _ x 100
Mean

b) Heritability

The heritability in broad sense was estimated

as suggested by Burton and Dewane (1953) as shown below.

H2 (b) - Genotypic variance

Phenotypic variance

c) Genetiec advance (GA)

The expected genetic advance of the available
germplasm at 5 per cent intensity of selection was calculated
as per the method suggested by Lush (1949) using the
intensity of selection 'i' as 2,06 as given by Allard
(1960).

GA = i x h2 x Zi



d) Genetic gain

The method described by Johnson gt al. (1955)

was used.
Genetic gain = GA x 100
x
where X = Meen of the character under study

3. Estimation of correlations

The genotypic =nd phenotypic correlaticns were
estimated, using the formulae suggested by Searb (1961)

as given below:

. Cov x y (g)
xy =
Jav (x). 6v (y)
where
cov x y'¢) = TSP ~ ESP

Number of replications

TSP is the mesn treatiment sum of products and ESP is the
mean error sum of products between characters x and y

on the analysis of variznce and GV (x) and GV (y) are the
genotypic variances for chsaracters x and y. Phenotypic
correlation between cheracters x and y was estimated by

5 Cov x ¥y (P)

Xy -
/PV (x) x PV (y)




(P) = Cov x y(q) + ESP and

Cov x y
PV (x) and PV (y) are phenotypic variances for

characters x and y.
4. Path coefficient analysis

In the path coefficient analysis, the genotypic
correlations among causes and effects are partitioned into
direct and indirect effects of cammal factors on the
effect factor. All the ten yield contributing characters
along with yield were considered for the path coefficient

analysis.

The estimates of direct &and indirect effects
in such a closed system of variables were calculated by the
path coefficient analysis as suggested by Dewey and Lu
(1959)., The following set of simultaneous equations were
formed and solved for estimating the various direct and

indirect effects.

= P +r,.,P

rly 1y 1252y + r1393y + rl4 P4Y B rlkpky
r2y = sz + r21P1Y + r23P3y + rz‘P4Y + evesina rzkpky

r3Y = P3Y + r31P1Y + r32P2Y + r34P4Y 4 eiersens r3kpky



vhere r to rky dencte genotyplce correlation between

b 4
independent characters 1 to k and dependent charescter y,

ry, tor, (x-1) denote genctypic coefficient of correlaticn
betveen all possible combinations of inderendent characters
denote direct effects of characters 1 to k

and P to P

ly ky
on character y.

The above ecuaticns cen be written as presented

below.
A - BC
where A = (rly.  PETRNEE rky)
and € = (r

IY’ pzy L SR BN B A BN Pky)

Residusl fector 'h*' which measures the contri-
bution ¢f the charscters which are not considered in the

causal scheme was obtainad as follows.



Residual fector h = (I-Rz)&

where Rz - k

i1 =1
5. Estimation of selection indices

A series of solection indices ware oObtaeined
by discriminznt function snslysis using different combi-

nation of component charecters.

The method suggested by Robinson g% al. (1951)
was used for constructing selection indices and computing
genetic edvance. The following set of simulteneous eguations
vere aclved to obtzin woeights in the selection index based

on yield snd the inde:;encdent component characters,

.2 + bl tzx + bztzz*bs tza'&‘ [ N N N J +bkt-2k + bytzy - q2y



where tkk and tkm repres=nt phenotypic variance and
covariance respectively and bk is the unknown weight.
gky and qYY are genotypic covariances and variances respe-
ctively. Genetic advance by discriminant function

GA(D) = 4 (D by g, )% where ‘1’

stands for intersity of selection when top 5 per cent of
the population is selected (2.06). Genetic advance by
straight selection for yield is given by

GA(S) = 1 Yy

The relative efficiency of selection through

dizcriminant function over straight selection was calculated

as suggested by Paroda and Joshi (1970).

Relative efficiency over

straight selection } = GA(D) - GA(S) x 100

GA(S)
The scope for improvement of the index by
inclusion of additional measurement was calculated as

described by Falconer (1982).



The room for improvement of the

index by inclusion of additional = 1 - riA
measurement
where riA = (&2 (&2 = Variance of index value
/A% 2
(3 = Genotypic variance
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RESULTS

Experiment 13

Obsexrvations recorded from 10 plents in eéch of
the 112 genotypes of red gram on eleven econcmically
important chers&cters are statistically anslysed and presented

in the following peges.
Variability in red gram genotypes

Results of observaticns pertaining to ghe renge
in means of genotypes and the oversll mesns for the eleven
characters included in the study sre presented in Table 3,
Table 4 gives the sbstract of eanalysis of variance for
Al fferent charascters end Tehle 5, the phenoty;pic genoty:ic
and environnentsl voriences a&nd heritability for the

different chsracters.

The results ravesl the presence of high amount of
variebility in the materisl studied. There exists & wide
gap betwean the maximum and miunimum vilues with respect

to ezch of the eleven trazits studied.

A further scrutiny of the result revezled the

following.



Table 3. Extremes in means of genotypes and the overall mmens for the different
characters

Extremes and the genotypes showing the
maximum and minimum value

gé' Characters Mean
° Maximum Geno- Minimuam Genotype
value type value

1 Height of plant at harvest (cm) 354.00 Ve 129.00 V11 290.08
2 Number of primary branches at harvest 20.80 V10 5.70 V62 12.77
3 Number of secondary branches at harvast 286.40 V84 18.70 V33 . 48.43
4 Number of clusters per plant 322.40 V25 9.85 V33 121.19
S Number of pods per plant 1481.55 V25 34.80 V33 530.10
6 Length of pod bearing branches (cm) 218.50 Vig 73.00 Vi1 167.15
7 Number of days from sowing to

50% flowering 105.00 V84 71.00 V38 95.24
8 Number of days from sowing to harvest 186.00 V33 178.00 V58 181.43
9 Number of seeds per pod 4.90 v109 3.20 V16 3.98
10 100 seed weight (g) 10.25 Vesq 5.55 Vi02 7.03
11 Seed yield (g) 297.40 v 6.80 \'4 70.32

58 11




Table 4.

kbstract of snalysis of variances for Jiffersnt characters

Mean square values

F value
S8i. Charscters for
No. Cultivars Exrror cultivers
af = 111 at = 111

1 Hedght of plant at harvest (cm) 5159.870 564.930 Q.138¢
2 Kumber of primzry branches et harvest 12.330 6.300 1.96**
3 Nurber of secondary brenches &t harvest 673.250 558,390 1.21

4 kumber of clusters per plent 5643.010 1385.190 4.07%=
5 lumber of pods per plant 112881.480 34210.380 3.30*
6 Length of pod bearing branches (cm) 1982.860 767.260 2,580+
7 Number of days from sowing to SO% flowsring 349.720 44.810 7.80%*
8 RNuwber of deys from sowing to harvest 330.470 333.330 0.99

9 Bumber of seeds per pod 0.097 0.096 1.01
10 100 3eed weight (g) 2.220 0.773 2.89%
11 Seed yield (g) 1933.090 567.430 3.40**

* Significent a2t 5% level
** Significent at 1% level

e



Table 5.

and heritability (42) for the Aifferent charascters

Phenotypic, genotypic and envirommental variances (PV, GV and EV)

zi: Characters PV GV EV ﬁ2
1 Helght of plant &t harvest (cm) 2862.430 2297.44C 564.99 0.803
2 Number of primary branches at harvest 92.312 3.017 6.30 0.324
3 Number of secondesry branches at harvest 615,820 $7.430 £58.39 0.093
4 Kumber of clusters per plant 3514.100 2128.910 1385.19 0.6086
) Nunber of pods per plant 73545.930 39335.550  34210.38 0.538
6 Length of pod beasring brinches (eom) 1375.060 607.800 767.26 C.442
7 Number of days from sowing to 50% flowering 197.270 152.450 44.82 0.773
8 Surber of days from sowing to harvest 331.899 -1.430 333.32 0.004
9 Humber of seeds per pod 0.097 0.001 0.096 0.010
10 100 Seed weight (g) 1.500 0.727 0.773 0.486
11 Seed yield (g) 1250.260 682.830 5€67.43 0.546
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Height of plant at harvest (cm)

The mean values for height of plant at harvest
(em) of red gram genotypes under study varied from 129.0
to 354.00. V., recorded the maximum height (354.00 cm)
whereas V,, showed the minimum height (129.00 am) (Table 3).
The differences among the genotypes were highly significant

for this character (Table 4).

The estimated phenotypic variance (PV) for this
character was 2862.43 which could be apportioned into
genotypic variance (GV) and environmental variance (EV) as
2297.44 and 564.99 respectively, indicating a low amount of
environmental effect on this character. A comparatively
high amount of heritability for this character (H2 = 0.803)
also indicated the predominant genotypic influence for

height of plant at harvest (Table 5).
Number of primary branches at harvest

With a general mean of 12.77, the mean values for
number of primary branches at harvest of red gram genotypes
showed a range of variability from 5.70 to 20.80.

V,o recorded the maximum number of primary branches (20.80)

whereas V

62 showed the minimum number of 5.70 (Table 3).
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The differences among the genotypes were highly significent
(Tﬁble 4) -

The estimazted phenotypic veriance (PV) for this
chareacter was 9.312 wnich could be apporticned into
genutypic veriance (GV) and environmental verisnce (EV) as
3.017 &nd 6.30 resgectively, indicating & high amount of
environmentel effect on this character., A comparatively
moderate amount of heritability for this character
(H%2 = 0.324) also indicated the predominant environmental

iniluence for number of primery brenches at harvest (Teble ).
Number ©of secondery branches &t harvest

A range of verisbility from 12,70 tc 286.40 wes
observed in ths mean viélues for number of secondary branches
8t harvest, VB‘ recorded the maximum number of seccondary
branches (286.40) and V4q showed the minimum number (18.70)
with a general mean of 48.43 (Table 3). The iifferences

among the gonitypes were not significant (Table 4).

The estimated phenotypic variance (V) was
615.82 which could be pertiticned into genotypic veriance
(GV) and envircnmentsl verisnce (EV) as 57.43 end 555,39

resi.ectively, indicating a high amount of environmental



effect., A comperatively low amount of heritability
for this charscter (H2 = 0,093) also indicated the
predominance of envircnmental effect for number of

secondexry brinches et harvest (Table S).
Nurbher of ¢lusters per plent

In the mean vilue for number of clusters perxr plant
of red grem genotypes under study, a range from 9,85 to
322.40 with a genersl mean of 121.19 wes noticed. st
recorded the maximum number cf clusters (322.40) whereas
V43 showed the minimwn number of 9.85 (Table 3).

The differences atong the gencotypes were highly significent

for this cheracter (Table 4).

The estimated phenotypic varisnce (PV) for this
character vwes 3514,10 which ecould be aprorticvned into
genotyplc verience (GV) and environmental verisnce (EV) as
2128,.91 snd 1385.19 res;ectively, indicating & comperetively
low amount of environmental effect on this character.

A high amount of heritsbility (4% = 0.606) also indicated
the predominant genotypic influence for number of clusters

per plant (Table S8).

Number of pods per plant
The mean v&lues for number of pods ;er plant cf

red gram genotypes under study varied from 34.80 to 1481.5%
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with B general mean of 530.10. st recorded the maximum

number of pods per plant (1481.25) whereas V,. showed the

33
minimum number of 34.80 (Table 3). The Aiffercnces among
the genotypes were highly significant for this character

(Table 4).

The estimated phenotypic variance (PV) for this
character was 73,545.93 which could be partitioned into
genotypic variance (GV) and environmental variance (EV) as
39,335.55 and 34,210.38 respectively indicating comparatively
a low amount of environmental effect on this character. A
comparatively high amount of heritability (H? = 0.535) also
indicated the predominant genotypic influence for number of
pods per plant (Table §5).

Length of pod bearing branches (cm)

The mean values for length of pod bearing branches
of red gram genotypes under study varied from 73.00 to
218.50 with a general mean of 167.15. V17 recorded the
maximum length of 218.50 em and V11 showed the minimum
length (73.00 am) (Table 3). The differences among the
genotypes were highly significant for this character
(Table 4).

The estimated phenotypic variance (PV) for this

character was 1375,06 which could be partitioned into
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genotypic variance (GV) and environmental variasnce (EV)
as 507.80 and 767.26 respectively indicating genotypic
and environmental on this character more or less equal.
This is also indicated by a heritcbility value (H? = 0.442)

(Table 5).
Number of days from sowing to 50 per cent flowering

The mean values for number of days from sowing to
50 per cent flowering of red gram genotypes under study

varied from 71.00 to 105.00 recorded by V and V

38 84
respectively with a general mean of 95.24 (Table 3J. The
differences among the genotypes were significant for this

character.

The estimated phenotypic variance (PV) for this
character was 197.27 which could be partitioned into
genotypic variance (GV) and environmental variance (EV)
as 152.45 and 44.82 respectively indicating a high genotypic
influence on this character. A comparatively high amount
of heritability (H? = 0.773) also indicated the predominant
genotypic influence for the number of days from sowing to

50 per cent flowering (Table 5).

Number of days from sowing to harvest

The mean values for number of days from sowing to

harvest of red gram genotypes under study varied from 178.00



to 186.00 recorded by V33 and v58 respectively
(Table 3) with a general mean of 181.43. The differences
among the genotypes were not significant for this

character (Table 4).

The estimated phenotypic variance (PV) for this
character was 331.899 which could be partitioned into
genotypic variance (GV) and environmental variance (EV) as
-1.430 and 333.32 respectively indicating a very high
amount of environmental effect on this character. A very
low amount of heritability (H? = 0.004) also indicated the
predominant environmental influence for number of days from

sowing to harvest (Table 5).

Number of seeds per pod

The mean values for number of seeds per pod
ranged from 3.20 to 4.50 with a general mean of 3.98.
V109 recorded the maximum number of seeds per pod of

4,90 and V,_ recorded the minimum of 3.20 (Table 3).

16
The differences among the genotypes were not significant

for this character (Table 4).

The estimated phenotypic variance (PV) for this
character was 0.097 which could be apporticned into

genotypic variance (GV) and environmental variance (EV)



as 0,001 and 0.096 respectively indicating & low
genotypic effect on this character., This is also
indicated by a low amount of heritebility (% = 0.010)
(Table 5).

100 Seed weight (g)

The meen vilues for hundred seed weight of
red gram genoty;es under study vieried from 5.5% to 10,25
witih a general mean of 7.03. Vs3 recorded the maximum
weight (10,25 g) whereas Vipa 8howed the minimum weight
(5.55 g} (Table 3). The ifferences amcng the genotypes
were highly sigrniificent (Table 4).

The estimated phenotypic veriance (PV) was

1.50 which could be paritioned into genotypic veriance (GV)

as 0.727 and environmental variance (EV) as 0.773
indicating the genotyplc and environmental effects more
or less equal. Thias is alac indicated by a heritability
value (H? = 0.466) (Table 5).

Seed yield (g)

The mean vilues for seed yield of red gram
genvtyyres under study varied from 6,80 to 297.40 with a

general mean of 70,32. V58 recorded the maximum weight



(297.4 g) whercas vll showed the minimum weight
(6 80 ¢} (Table 3). The differences awcng the genotypes

were highly sijnificent for this cheracter (Tetle 4).

The estimated pnenotypic veriance (PV) for this
charecter was 1250,26 whicn could ke partitivned intc
genotypic verience (GV) end environmental varience (EV)
as 682.83 and 567.43 respectively indicating a slightly
hich amount of genotypic effect on this character. A
comparatively high amount of heritability‘(ﬁz = ,%46)
also indicated tne predominant genctypic influence on

seed yield.
Genetic dlvergence among the genotypes

The one hundred and twelve red gram gonotypaes
included in the study were found tc fall into five
cluaters, e¢ach one having different number of genotypes

(Table 6).

The re-ults presented revealed that 80 genoty.es
constituted Cluster 1, 26 gznotypes Cluster 1.,
4 genotypes - Cluster I1I, one genotype - Cluster IV and

one gen.type - Cluster V.,

Results of observetions pertaining to the

extremes 1 meens of genctypes end overall masan for



Table 6.

Details of red gram genotypes constituting different clusters

Cluster Total
number numbers Genotypes included
1 80 Ve Vg, Ve Vo Vgr Vo  Vio0 Viar  Vigr Vs
Vi Vier Va0 Va1 Vagr  Vapr Vage Voo Vi Vi,
Vigr Vs V3 Vig- Vaor Vaar  Va3- Vaar Vas:  Vaee
Az Vaar Vso- Vs1/ Vgor Vg3:  Vgyo Vs6¢ Vg57r  Vggo
Veo- Ve1- Vear Ve3’ Ves: Veor Ve7- Vea: Veor Vqa.
Vas- Vasr Va6 Vaqe Vag: Veor Va1’ Ve2:  Vgsr  Vgg-
Vg Vag’ Veo- Voo- Vooir Vggr Vg Vog:  Vogr  Vip1-
Vio2’ Vio3©  Vioer Viosr Vicsr V107© Viosr Viosr Viior Vaas-
I 26 Ve Voz3r  Vaor  Vioor Vigr  Vazr Vigr Vi1 V950 Vs
Va1’ Vo Voo Vior V11 Vigr Vo Va3 Vo 97
Vigr Vii2r  V3p- Vi3- Vo2r Veg-
111 4 Vear Veor  Vasr  Vgs,
Iv 1 v,
v 1 v,

48



different characters in Cluster 1, II, 11X, IV @and Vv

are presented in Tobles 7 to 10.
The results revesled the following.
Height of plent at harvest (cm)

In Cluster I, the maximum mean velue of 354.00 em
for this character was expressed by the genotype VSI
and the minimum of 278.50 cr by the genotype V82 with a

cluster mean of 314.33 om (Table 7).

The corresponding velues for cluster Il were
seen to be 258.00 om (Vy,), 129.00 om ‘Vxx’ and 206,70 cm
(Teble B8) and those for cluster III were 343.50 am (V..),
318.00 om (st) and 330.75 cm (Table 9).

Since tho clusters 1V and V were re;resented by
one ¢genotype oniy, thelr means were 325.25 cm &nd

319.90 om respectively (Table 10).

Among the £ive clusters, the highest cluster
mean of 330.75 om was reccrded by cluster 11X and the

lovest uf 206.70 cm by Cluster 1IX,



Table 7. Extremes in means of genotypes - in cluster I and overall mean for
different characters

s1 Extremes and the genotypes showing
No: Characters the maximum and minimum value Mean
Maximum value Geno- Minimum Geno-
type value type
1 Height of plant at harvest (cm) 354.00 V51 278.50 V82 314.33
2 Number of primary branches at harvest 15.90 V96 5.70 Vsz 12.93
3 Nunber of secondary branches at harvest 286.40 V84 24.20 V61 51.88
4 Number of clusters per plant 230.50 V46 71.10 V14 133.85
5 Number of pods per plant 980.60 V46 315.85 V52 595.46
6 Length of pod bearing branches (cm) 218.50 V17 133.00 V57 178.95
7 Number of days from sowinlp to 50% 105.00 V84 100.00 Vso& 102.09
flowering V104
8 Number of days from sowing to harvest 183.00 V17, V42, 180.00 Vs'v9'v12' 181.25
Ve2: Vgor Vi3-V1e-
Voar V107 Y21+ Vagote.
9 Number of saeds per pod 4.90 V109 3.40 V29 4.00
10 100 Seed weight (g) 10.25 V53 5.55 V102 6.96
11 Seed yield (g) 132.00 V54 34.10 V98 78.17

SO
{Te



Table 8. Extremegin means of genotypes in Cluster II and overall mean for different
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characters
Extremes and the genotypes sho
Characters the maximum and minimum value Mean
Maximum Geno-  Minimum
value type value
1 Height of plant at harvest (cm) 258.00 Voo 129.00 206.70
2 Number of primary branches at harvest 20.80 VIO 6.80 12.32
3 Number of secondary branches at harvest 79.30 VIOO 18.70 39.69
4 Number of clusters per plant 121.50 ng 9.85 60.17
5 Number of pods per plant 544.20 ng 34.80 247.69
6 Length of pod bearing branches (cm) 194.20 Vo5 73.00 126.88
3 Number of days from sowing to 50% 73.50 V92 71.00 72.46
flowering
8 Number of days from sowing to harvest 186.00 V33 178.00 v 181.60
Number of seeds per pod 4.20 V11 3.20 v 3.90
100 seed weight (g) 9.55 V23 5.95 v 7.35
Seed yield (g) 297.40 v 6.80 v 41.78




Table 9. Extremes in means of genotypes in cluster III and the overal mean for
different characters

Extremes and the genotypes showing
the maximum and minimum wvalue

Characters Hean
Maximum Geno-  Minimum Geno-
value type value type
1 Height of plant at harvest (cm) 343.50 v55 318.00 V25 330.75
2 Number of primary branches at harvest 12.10 V49 8.10 v55 10.08
3 Number of secondary branches at harvest 52.70 st 22.35 v55 27.22
4 Number of clusters per plant 322.40 V25 215.80 V64 251.99
5 Number of pods per plant 1481.55 st 1003.00 VSS 1133.25
6 Length of pod bearing branches {(cm) 190.00 V49 177.50 V55 183.00
7 Number of days from sowing to 50% 103.00 Voo 102.00 st. 102.50
flowering V49 V64
8 Number of days from sowing to harvest 182.00 V64 181.00 VSS 181.50
Number of seeds per pod 4.00 v 3.80 v 3.95
v 25
100 Seed weight {(g) 6.65 Ves 5.70 Vog 6.25
Seed yield (g) 126.85 Vgg 91.30 49 107.32

0

.9



Table 10.

Means of different characters of clusters IV and V

Sl.No. Characters Means
Cluster IV Cluster V

1 Height of plant at harvest (aom) 325.25 319.90
2 Number of primary branches at harvest 18.30 16.50
3 Number of secondary branches at harvest 23.30 39.95
4 Number of clusters per plant 210,95 82.00
5 Number of pods per plant 411.60 349.80
6 Length of pod bearing branches (cm) 208.00 165.50
7 Number of days from sowing to 50% flowering 103.00 103.00
8 Number of days from sowing t¢ harvest 182.00 181.50
9 Number of seeds per pod 4.00 4.50
10 100 Seed weight (g) 6.45 5.25

11 Seed yield (g) 66.00 41.00
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Number of primary brenches at harvest

The mean values for number of primary branches

at harvest in cluster I ranged from 5.70 (V6 ) to

2
15.90 (v96) with a cluster mean of 12.93 (Table 7).

In cluster 11, the genotype V10 showed the
maximum mean value of 20.80 and v33 recorded the minimum
mean value of 6.80 with a cluster mean of 12.32 (Table 8)
whereas in Cluster III, the genotyres and the values
were V,o (12.10). Vee (8.10) and 10.08 respectively
(Table 9).

Cluster IV and V which were represented by one
genotype only, exhibited means 18.30 and 16.50 respectively
(Table 10).

Maximum cluster mean value for this character
was 18.30 shown by cluster IV and the minimum of 10.08

shown by cluster III,
Number of secondary branches at harvest

For this character a range from 24.20 to 286.40

expressed by genotypes V61 and V84 respectively were

noticed in cluster I with a cluster mean of 51.88 (Table 7).
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The corresponding values for cluster II were
seen to be 18,70 (v33), 79.30 (V1oo) and 39.69 (Table 8)
and those for Cluster III were 22.35 (VSS) and

52.70 (V25) and 27.22 (Table 9).

The means of cluster IV and V were 93.30 and

39.95 respectively (Table 10).

Cluster IV showed the maximum mean of 93,30,

whereas cluster III showed the minimum mean of 27.22.
Numbexr of clusters per plant

In cluster I, the maximum mean vslue of 230.50
for this character was expressed by V‘e, while the

minimum value of 71.10 by V,, with a cluster mean of

14
133.85 (Table 7).

V92 recorded the maximum mean value (121.50)

and V showed the minimum of 9,85 in cluster 1I,

33
which had a cluster mean of 60.17 (Table 8). The corres-
ponding values for Cluster III were 322.40 (V25).

215.80 (v64) and 251.99 (Table 9).

The means of cluster IV and V were 210.95 and

82.00 respectively (Table 10).
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Among the five clusters, the highest cluster mean
of 251.99 was recorded by Cluster III and the lowdst of
60.17 by Cluster II,

Number of pods per plant

The mean values for number of pods per plant in
Cluster I ranged from 315.8% (Vsz) to 980.60 (V‘G) with e
cluster mean of $95.46 (Table 7).

In cluster II, the genotype Vbz showed the maximum
mean value of 544.20 and V33 showed the minimum of 34.80
with & cluster mean of 247.69 (Tasble 8), whereas in
cluster III the corresponding values were Vag (1481.55),
Vgg (1003.00) and 1133.25 (Table 9).

The means of Cluster IV and V were 411.60 and 349.80
respectively (Table 10).

It is seen from the above that the highest cluster
mean of 1133.25 was shown by cluster 11X and lowest of
247.69 ~ by cluster 1I,

Length of pod bearing branches (om)

A range from 133.00 om (V57) to 218.%0 em (V17) with
a cluster mean of 178.95 cm were noticed in cluster I for

this character (Table 7).

Corresponding values for Cluster IXI and IIIl were
73.00 ¢m (Vil). 194.20 om (V§s). 126.88 cm (Table 8) and
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177.50 cm (Vss). 190.00 (V49) and 183.00 cm respectively
(Table 9).
In Table 10 the cluster means of cluster IV and Vv

were given as 208.00 ¢m and 165.50 cm respectively.

Among the five clusters the maximum cluster mean of
208,00 om was shown by cluster IV and minimum of 126.88 om -
by cluster 1iI.

Rumber of days from sowing to 50 per cent flowering

The maximum mean value for this character in Cluster I
was expressed by Va‘ as 105.00 &nd the minimum by Vso and le‘ as
100.00 with & cluster mean of 102.09 (Table 7).

The corresponding values for Cluster II were seen to
be 73.50 (V,z). 71.00 (VSB) and 72,46 (Teble 8) a2nd those for
cluster IXI were 103.00 (V’s5 and V"), 102.00 (st and Vb‘)

and 102,50 (Table 9).

The clusters IV and V exhibited the same mesn value
of 103.00 (Table 10).

The highest cluster mean of 103.00 was recorded by
clusters 1V end V &nd the lowest cf 72,46 -~ by cluster II,

Humber of days from sowing tc harvest

The mean vslues for the chiracter in cluster I ranged

Vbz, Vag- Vg 2nd V1°7) with a cluster mean of

(Viqr Vear
181.25 (Table 7).



In Cluster II, the maximum value expressed by

V,. was 186.00 and the minimum by V., - 178,00 with a
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cluster mean of 181.60 (Table 8) whereas in Cluster III
the corresponding values were V., (182.00) . Vee (181.00)

and 181,50 (Table 9).

The means of clusters IV and V were 182.00 and

181,50 respectively (Table 10).

Among the five clusters, cluster IV showed the
highest cluster mean value of 182.00 and Cluster I showed

the lowest value of 181.25.
Number of seeds per pod

In Cluster I the highest mean value for this

character was recorded by V (4.90) and lowest by

109
V29 (3.40) with a cluster mean of 4.00 (Table 7) whereas

in Cluster II the corresponding values were V11 (4.20),
V16 (3.20) and 3.90 (Table 8).
Cluster III showed a range from 3,80 (st) to

4.00 (V64, V55 and V49) with a cluster mean of 3.95
(Table 9).

Cluster IV and V showed & cluster mean of 4.00

and 4.50 respectively (Table 10).



100 Seed weight (g)

The maximum mean value for this character in
cluster I was expressed by the genotype V53 as 10.25 g
and minimum by V102 as 5.55 g with a cluster mean of
6.96 g (Table 7).

In cluster II maximum mean value of 9.55 g was

expressed by V23 and minimum of 5.95 g by V with a

112
cluster mean of 7.35 ¢ (Table 8). The corresponding
values for cluster III were 6.65 g (VSS)' 5.70 g (V25)

and 6.25 g (Table 9).

Cluster IV and V recorded the cluster mean of

6.45 g and 5.25 ¢ respectively (Table 10).

Cluster II showed the highest cluster mean wvalue

(7.35 g) and cluster V - the lowest (5.25 g).
Seed yield

The maximum mean value for seed yield in Cluster I
was expressed by the genotype V54 as 132.00 g and minimum
by Vge as 34.10 g with & cluster mean of 78.17 g (Table 7).

In Cluster II maximum mean value of 297.40 g was

expressed by V58 and minimum of 6.80 g by V,. with a

11
cluster mean of 41.78 g (Table 8). The corresponding



values for Cluster ill were 126,65 g (V55>‘ 91.30 g
(V‘g) end 107.32 g (Table 9).

Cluster IV and V recorded the cluster mean of

66.00 ¢ &nd 41,00 ¢ respectively (Table 10).

Among the clusters, the maximum cluster mean
velue of 107.32 ¢ was shown by cluster 111 and minimum

of 41.00 ¢ by clustar V,

The intrs end inter clustsr D2 and D vealues of
the five clusters worked cut, have been presented in

Tables 11 and 12 respectively.

From the result, 1t cculd be obscorved that
tie intr- cluster DZ velues were lower than the corres-

ponding inter cluster D2 values,

he average intra cluster distences in the five
clusters renged from 0 (Cluster IV and® V) to 6.47
(Cluster 11), the other clusters possessing values in

betweens the two extreres (Table 12).

Cluster V was found to show ths meximum average
inter cluster distance with any other cluster an® it was

found t¢ be tne cluster showing meximum Aistance in all

(e)

pe
[



Table 11. Average intra and inter cluster D2 values

Cluster No. I II III Iv v
I 22.93 3336.81 596.18 196.91 5846.72
Ix 41.75 3655.97 3644.62 3844.00
Iix 14.25 145.47 5954.58
Iv 0 5972.64
v

0

~ 4



Table 12. Average intra and inter cluster distances ( /DZ values)

Cluster No, I II Il Iv v
I 4.79 57.77 24.42 14.04 76.42
II 6.47 60.47 60.37 62.00
111 3.78 12.07 77.17
Iv 0 77.28
v 0




combinstions it cculd meke., Cluster IV showad the

lowest average inter cluster distences (Table 12),

Experiment 2

Regi:lts of observetions recorded from 12 plents
per plot in cach of the selected 20 genoctypes of red ¢gram
included in the second field experiment on elaven
econumnically important cheracters are presented in the

fellowing pages.,

Tne abstract cf anelysis of viriasnce for the

Aifferent characters is presented in Toable 13.

Cohgervations pertaining to the extremes, mean,
raenge as percentage of mean and standerd exror of
mean for the different characters are ;:resantad in Tible
Tsbles 15 to 28 give the ranking of ganotyges for tha

aleven cheaeractars studied.

Table 26 glves the phenotypic, genotypic, and
environmentsl veriences and phenotypic and genotypic
coefficiuent of variaticon for the Aifferent cnarsctars.
Heritasbillity, genetic sdvence, and genstic gain for the

difierant characters are prasentad in Table 27.

14,

o



Table 13.

Abstract of analysis of variance for different characters

Mean square values

Sé: Characters F value
Genotypes Error
4af = 19 df = 57
1 Height of plant at harvest (cm) 2567.9473 742.0439 3.4606**
2 Number of primary branches at harvest 19.7782 12.4356 1.5904
3 Number of secondary branches at harvest 759.6028 488.8281 1.5539
4 Number of clusters per plant 8852.5000 2902.4080 3.0501%»
S Rumber of pods per plant 112015.6900 38708.8790 2.8938%*
6 Length of pod bearing branches (cm) 512.9700 316.1184 1.6227
7 Number of days from sowing to 50% flowering 1732.8158 12.0406 143.9150%*
8 Number of days from sowing to harvest 28.2500 0.8860 31.8861%**
9 Number of seeds per pod 0.0935 0.1093 0.8554
10 100 Seed weight (g) 0.9921 0.5127 1.9445*
11 Seed yield (g) 1249.0099 262.6151 4,7561%*

* S8ignificant at 1% level
** Significant at 5% level



Table 14.

mean for the different cheracters in red gram

Extremes, mean, range as percentage of mean and standard error of

git Characters EXtremes Mean 2:?g:nf' 2;3'

Maximum Minimum tage of mean
mean

1 Height of plant at harvest (om) 277.150 186.675 243.521 37.15 + 13.620
2 Number of primary branches at harvest 21.200 12.600 18.520 46.43 + 1.763
3 Number of secondary branches at harvest 72.350 23.850 46.556 104.18 + 11.055
4 Number of clusters per plant 249.350 91.800 189.579 83.11 + 26.937
5 Number of pods per plant 755.450 201.450 $47.106 101.26 + 98.373
6 Length of pod bearing branches (om) 150.178 104.250 124 292 36.95 + 8.890
7 Number of days from sowing to 50% flowering 126.750 78.500 110.575 43.64 + 1.73%
8 Number of dsys from sowing to harvest 166.000 160.000 163.800 3.66 + (.47
9 Number of seeds per pod 4.500 3.950 4.210 13.06 + 0.165
1¢ Mundred seed weight (g) 8.225 6.188 7.160 28.51 + 0.358
11 Seed yield (g) 89.825 24.030 58.810 111.87 + 8.103

1t
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Table 15. Ranking of the genctypes for height of
‘ plant at harvest (om

Rank Gemotype  CMTLS e

helongs value
1 TB I 277.158
2 T7 b 4 267,25%
3 TZO I 266,00
4 TI( IX 263.7%
5 le I 263.%0
é Tl Il 261.50
7 T13 v 259,85
8 T‘ 11 258,25
9 Tc III 25%5.25
10 sz Il 2%3,76
11 T2 I1X 2%3.7%
12 TIQ 1v 242,32
13 Tg I 239.80
i4 T‘ Iz 239.68
15 Tll 1 235,25
16 TIB I 231,00
17 117 II 214.00
18 Tls 11 207.00
19 Tz Ix 195.00
20 TIO b ¢ 186.68
Generasl Mean 243,521

c.D. 3e.%52
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Table 16. Ranking of genctypes for nurber of primary
brenches at harvest

Rank Genotype Cluster to which 3?;30
it belongs ‘

1 Tg b ¢ 21,20
2 T13 1% 21,05
3 Tﬁ 11X 21.00
4 Tzo X 20.77
5 T‘ IX 20.%7
6 le X 20.4C
i Tl IIX 20.20
8 Tle 1X 19.85%
9 TB X 13.65
10 Tll X 19.35
11 T15 Iz 19,158
12 T16 1x 18,06
i3 T!g v 17,92
14 Tz Iix 17.7%
15 T, X 17.60
16 Tl‘ Iz 17.258
17 Ts I11 17.10
18 T3 11 14.70
19 TIO II 14,20
20 Tl? II 12.60
General Mean 18.%2

C.D. 2,137
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Table 17. FKRanking of genotypes for numbax of
secondery branches at hervest
Cluster to which Mean
Rank Genotype it belongs velue
p | TG 111 72.3%
2 113 v 71.7%
3 Tg b 4 €4.80
4 119 Iv 57.5%
5 Tza I 57.10
6 'ra X 53.7%
7 T2 I1I 50.20
8 T‘ II 46,20
9 sz I 46,95
10 Tl 111 46.85%
11 TIB Il 46.10
12 TS Iz 44.15%
13 T7 I 42,70
14 Tll I 42.00
15 TIS Ix 39.35
16 Tlé II 38.00
17 T17 II 31.46
i TIC II 27.40
19 Tlo 11 26.60
20 T! Iz 23.85
General Mean 46,58

C.l.

31.267
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Table 18. Renking c¢f gonotypes for numbaer of clusters

per plant
Rank Genctype Cluster to which Mean v:lue
it belongs

i TIB I; 249,38
3 T2 IIX 228.75
4 TS IIlI 228,38
5 TG III 222,10
6 T19 v 220.3%
7 Tzo X 218.55
8 T15 11 214,15
9 Tl 111 212,70
10 le I 210,.25%
11 T4 I1 200.3%
12 TB I 193,95
13 T:a v 190,08
14 Tg I 181,68
15 Tll I 175.50
16 T7 I 175.30
17 Tlé II 154,72
p ¥ T17 II 97.80
19 T3 II 32.50
20 Tzo 11 91.80
General Mecn 189,58

CeDe 76.18%




Table 19. kenking of genctypes for number ¢f pods
per plant
Kank Genotype Cluster to which Mean
it belongs velue
1 TS iiz 755.45
P TI I1x 677.90
3 TIB II 663.05
4 le I 656.45
S T19 v 653.60
6 Tls 11 639.90
7 T2 IIY 629.40
8 T‘ I 614.15
9 Tﬁ Il €02,00
10 TB I 601.5%50
11 T20 I 599.55
12 T13 v 583.5%
13 Tg I 532.25
14 T11 X 492,00
15 T14 Ix 473,90
16 716 I 456.C0
17 T7 I 448.00
18 TIO II 207.92
19 T17 IX 204.00
20 TS Iz 201.45%
Generxal Meen 547,11

CQD.

275.3%0
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Table 20. Ranking of genctypes for length of pod
bearing branches {(cm)

Rank Genctype Cluster to which Meen
it belongs value
1 TZO I 150.18
2 T14 II 138,25
3 Ts IXI 134.45
4 T19 v 134,25
5 TB I 130.50
6 T7 b 4 130.28
7 T9 1 130.25%
8 ?15 1I 130.25
9 113 v 129.00
10 T1a II 125.50
11 Ts 111 123.00
12 112 I 121,75
13 117 Il 120,32
14 TI I1x 118,50
15 ’1’2 I11 118.80
16 T‘ I1 116.55
17 T3 11 113.00
18 Tll I 112.25
19 T1s I 106.67
20 T1o II 104.25
Genersl Mean 124.59

C.D. 25.1“
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Table 21. Ranking of genotypes for number of days
from sowing to 50X flowering
Rank Genotype Cluster to which Maan
it belongs velue
1 Té IiX 126.75%
] T14 iI 126.00
3 Ty Iv 124,75
4 Tg I 124.50
S TB I 124.00
6 T13 v 123.50
7 Tz I1r 123.25%
8 T? I 123,25
9 le I 122,50
10 Tll I 122.50
11 T1 Iiz 122.2%
12 T2° 1 120,75
13 TS 111 120.%0
14 T‘ 11 120,.,2%
15 TJ 1x 82.2%
16 T;s I1x 80,50
1?7 TIO I1 79.50
18 Txa Iz 79.00
19 T16 I; 79.00
20 T17 I1 76,50
Ganeral Mean 110.58

C.D.

1.023




Table 22, ERanking of genotypes for number of days
from sowing to hervest
Rank Genotype i uster to which Mean value
belongs
1 Tl 111 166.00
2 T14 I1 166.00
3 '1‘5 11X 166.00
4 le I 166,00
5 T19 v 166,00
6 T6 I11 166.00
7 T7 I 165.7%
8 Tg I 165.50
9 113 \ 165.25%
10 T2 I1I 165.25
11 Tll 1 165.00
12 Tzo I 165.00
13 wg I 164.50
14 T‘ II 160.00
15 T16 ix 160.00
16 Tls I1 160,00
17 Tzo 1I 160.00
18 T3 11 160,00
19 T17 I1 160,00
20 TIS 11 160.00
General Mean 163.800

C.D¢

1.33




Teble 23. Ranking of genotypes for number of seeds
per pod
Rank Genotype Cluster to which Mean
it belongs velue
1 Ts I11 4.%0
2 T7 1 4,45
3 Tzo I 4.35
4 le v 4.35
5 Tl III 4,30
6 Tz 111 4.30
7 le I 4.30
8 Té I3 4.30
9 T9 I 4.25
10 T15 1z 4.2%
11 119 IV 4020
12 TIB YI 4.2C
13 T17 II 4.07
14 Txe I 4.06
18 '1’11 11 4.06
16 T‘ IX 4.05
17 Tl4 Ix 4.05
18 Ta I 4.0%
19 Tls 11 4.00
20 TS Ix 3.95%
General Meean 4,210

C.D,

0.4674
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Table 24. Renking of genotypes for hundred seed
waight {(g)

Rank Genotype Cluster to which Mean
it belongs value

1 T7 I 8,22
2 T17 11 7.71
3 TIE I1 7.70
4 115 94 7.62
9 TB 1z 7.51
6 TI IIX 7,40
7 TB I 7.3¢8
8 Tzc I 7.37
9 TIC Iz 7.36
10 TG I1I 7.20
11 Tg ) ¢ 7.1%
12 Txa v 7.1%
13 Ts IIx 7.10
14 Tz 111 6.93
15 TIO 1z €.75
16 T19 IV 6.72
17 T1a Ix 6.71
18 Tll X 6.7
19 'I'12 X 6.33
20 T‘ 1z 6.18
Generel Meen 7.163

C.D.

1.0106
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Table 25. Ranking of genotypes for seed yield (g)

Rank Genctype Cluster to which Mean
it belongs values

b | Tg I 892.81
2 T1 111 €1.69
3 Qz I1I 77.71
4 TIS 11 76.93
5 Tl‘ Iz 75.44
6 Ts 111 74.37
7 Te b < 66,98
8 Tzo I 62.74
9 le v 61.79
10 le I 61.41
11 TIQ v 58,10
12 TG I11 57.46
13 T16 11 51.24
14 T7 I 49.48
15 Td 11 47.5%
16 Txe IX 45.51
17 T I 43,43
18 Txo I1 37.%8
19 T3 Iz 31,13
20 Tl? 1X 24,02
Genersl Mean 58.80

Cc.D. 22.927




Table 26.

Phenotyplc, genotypic and environmental variances (FV, GV and EV) &nd

phenotypic and gznotypic coefficient of wvariaticns (P¥CV and GCV) for the

different charscters in red gram

Sl.Ko. Chaxacters PV GV EV PCV Gev

1 Height of plant zt harvest (am) 1198.520 456,480 742.040 55.12 8.77

2 Number of primary brinches at 14.270 1.540 12.44° 20.40 7.32
harvest

3 humber of secondsry brainches &t 556.5%20 67.690 488.830 60.67 17.67
harvest

4 kumb=r of clusters per plant 4339.930 1487.520 2902.410 41.18 22.34

5 Number of pods per plant 57035.580 18326.770 3g708.8680 43.65 24.74

6 Length of pod bezring branches (om) 365.330 49.210 316.120 15.34 5.63

7 Nuxber of days from souing to 50% 442.230 430.190 12.0490 19.02 18,76
flowering

] lumber of days from sowing to harvest 7.727 6.840 0.887 1.70 1.60

9 Humber of seed: per pcd D.10% -0.004 0.109 7.70 1.5C

10 100 Seed weiyht (g) 0.634 D.121 0.513 11.12 4.890

11 seed yield (g) 509.210 246.600 262.61 90 38.137 26.70

eTl



Table 27. Heritability (%), Genetic Advance (GA) and Genetic Gain (GG) for

the different characters in red gram

S1.No. Characters Heritability Genetic Genetic
advance Gain
1 Height of plant at harwest (cm) 0.381 27.172 11.16
2 Number of primary branches at harvest 0.113 0.996 5.38
3 Number of secondary branches at harvest 0.122 0.929 12.73
4 Number of clusters per plant 0.339 46,265 24.40
5 Number of pods per plant 0.321 157.923 28.87
6 Length of pod bearing branches (cm) 0.135 5.315% 4.27
7 Number of days from sowing to 50% flowering 0.973 42.090 38.19
8 Number of days from sowing to harvest 0.885 5.068 3.09
9 Number of seeds per pod -0.038 -0.025 -0.59
10 100 Seed weight (g) 0.191 0.313 4.36
11 Seed yield (g) 0.484 22.499 38.26

P2
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A scrutiny of the results presentad in the above

tebles revesled the following.
Height of plant at harvest (cm)

The differences amonyg the genotypes were hignly
significent for the neignt of plant at harvest (Tzble 13),
The meen height ranged from 186.6 com to 277.15 om with &
genercl mesn of 243.52 cm. The renge expressed as
percentage of mesn was 37.1% indicating a wide renge of
veriebility for this cherscter (Teble 14). Tg belonging
to cluster I recorded the maximum mean height (277.1% cm)
and TIO belonuing to Cluster Ii razcorded the minimum mean

height (186.68 om) (Tavle 1%).

The estimated phenotypic varience (rV) for this
cheracter was 1198.52 and tne same could be apporticned
into gernotypic vueriance (GV) and environmental veariance
(EV) 88 45¢.48 and 742.04 re:yectively indiceting a higher

afiuence of environmentel effect on this cheracter.
The phenotyplc end genotypic ccefficients of varietion
{(PCV m 55,12 &nd GCV = 8,77) also confirmed the above fact
(Tabple 26). Heritebility (0.381) end genctic geéin as
percentege of mean (11.16%) were found to be noderate

(Table 27).



Nusmber of primery branches at harvest

The statiasticesl enslysis showed that the differences
armong genotypes under study for nunber cf primary branches
at harvest were not significent (Table 13). The maximum
mean value of 21.20 for this charecter was recorded by
Tg belonging to cluster I with & gener«l mean of 18,52,
whareas the minimurm mean velue of 12.60 was recorded by T17
belonging te Cluster I1 (Table 16). Tha range as perczntage

of mean was 46,43 (Table 14).

The phenotypic, genotypic and environmentel
veriances for this cherecter were 14.27, 1.84 nd 12.44
resyectively, thereby showing thst this chearacter was highly
influenced by environment. This is also confirmed by
phenotypic and genotypic coefiicients of variation which
were 27,40 and 7.32 respectively. The heritebility and
genatic gain were observed to be 0.113 &and 5.38 per cent

respectively.
Rumber of secondary branches &t harvest

The generel mean for number «f secondary branches
at harvest was 46.56 with & rance from 23,85 to 72.3% end
the range expressed as yercentage of mean was 104,18

(Teble 14), indicating @ wide renge of verisbility. From

Ty



the enslysis of verlance, it could be seen that this
character 414 not Aiffer significently among the genotypes
(Teble 13). The maximum velue of 72,35 was recorded by

T, belonging toc the cluster 11l while the minimum value

6
(23.650) by T, belonging to the cluster II (Table 17).

Thne phenotyplec, genotypic and environmentsal
veriances for this cheracter were estimated to be 556.52,
67.69 &snd 48£,83 res;actively. Phenotypic and genotypic
coefficlients of veristion were 50.67 and 17.87 respectively
indiceting predondinent influence of envircnment on the
veriebility of this cherscter (Teble 26). This is confirmed
by a8 low hexrdtebility velue of 0,122 &nd low genstic gain

of 12,73 per cent (Table 27).
Number of clusters perxr plant

In the abstrect of énslysis of varience (Teble 13)
it could be gsecn that the 7iffersnces for thez number ©Ff
clusters per plent among the genctypes were highly
significent. The character under study showed a mean range
from 91.80 to 249.3% with 8 gencral meesn of 199,58 snd
reénge as percentage of mean of 83.11, indiceting 8 wide
range of veriapility (Table 14)., Tne maximum mean vilue
of 249.35 was recorded by T4g Pbelonging to the cluster II
and winimum mean velue 91.80 was reccrded by TIO alsc

belonging to the same cluster I1I (Teble 18).
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The totel phenotypic verlsnce of 438%2,93 cculd be
ap,ortivned into genotypic and environmentel variances
as 1487.52 and 2902.41 respectively &nd the PCV, &rd GCV,
&3 41.16 and 20.34 respectively showing moderate
environmentsl influence on the ex;ression of this
cnerecter, This 13 suprorted by modarate heritebility

(0.339) and genetic gain (24.40%) (Table 27).
Bumber of pods per plant

From the abstract of enalysis of variance, the
differences &uong the genotypes for number cof pods per
plant were seen to be hignly significent (Tsble 123). Maxirum
velue ¢f 755.4% was recorded by TS belonging to cluster 111
where as minimum number of 2041.45 was recorded by TB
belonging to¢ cluster Ill. Kange as percentage of mean was
101.26 with & general mean of 547,11 showing a wide range

of variability in the exgressicn of the cheracter (Teble 14

end 19).

fhenotypic, genotypic and environmental variance
«nd PCV and GCV were 5703%.58, 18326.70, 38708.88, 43.65
and 24.74 respectivaly showing & comparatively high contri-
pution of =nvironment in the expression of this chorscter

(T<ole 26). This is slso confirmed by heritebility and



genetic gein which were 0.321 and 26,87 per cent respe-

ctivzly (Tasble 27).
Length of pod besriny branches (cm)

The stetistic«l snelysis showed that the varietal
differences for leongth ©of pod beardin) branches were nct
significent (Teble 13). The character showed a range from
104,25 to 150.18 with @ mein vealue of 124.59., The range
expressed as _ercontege of reen was 36.95 (Teble 14).

The maximur veolue (160.17%) wes recorded by T,o belongin;
to cluster I while the minimur vilue wes shown by TIO

belong to cluster 1I (Table 2:).

The pnenotypic virisnce (365.33), genotypic
varience (43.212) and é%izonmantal veriance (316,12) hsve
shown the envircnmental e¢ffect on the expressicn of the
charecter. The gunotypic coefficient of veriestion (%5,.63)
end phenotypic coefficiont of veriation (15.34), herita-
bility (0.135) and geretic yein (4.27%) also confirrmed the

predominent environnantsl effect in the totel verlebility,

Nuicbexr of dayes from scving to 50% flovering

Number of deys from acowing te 50 r=r cent flowering
gnowed very high sl nificent differorces amcng the

genotypes (Teble 13). The maximum mean velue for this
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character was rocorded as 126,75 &nd minimum value as
78.50 with & genercl mean velue ¢f 110,%8, The range
23 percentige of mean was estimeted as 43.64 (Table 14).
Tne above maximun and minimun velues wers rocorded by Té
belonging to the cluster Ill and T17 belonging to the

cluster 1I resyectively (Table 21).

Genetic components appeared to contribute very
hiighly to the totel verietion for this cherscrer., Tie
phenotypic and genctyrnic veriance were 442,23 &snd 430.19
res;pectively while environmental veriance wes only 12,04,
This is &lso confirned by hanotypic coefficient of
variation (19.02), genotypic ccefficient of verlation
(16,76), haeritsbility (0.973) and gensastic gain (38,19%)
{Teble 26 end 27).

Number ©f days frcm sowing t¢ hervest

From the abstract of analysis of varisnce Jor
nunber of deys from sowing to hervest it was se n that
the diff:orences smong genotypes were highly significent
Tcble 13). The cn.oracter showed & very low renga of meen
from 160 to 166, with & generel mean of 163.80 and 3.66
&8 trie renge expressed as erceontage of meen (Table 14).

The maximur vilue (166) wes reccrded by %y belonging to



cluster III end minimum (160) by Tys belonging to

cluster 1I (Tsble 22).

Maj.r purt of the varlation for this charscter was
found tb be genetic (PV = 7.727, GV = 6.84). The phenotypic
and genotvpic coefiicients of vaerietion were 1,70 and 1.60
resyectively. Horitebility (0,.88%) and genetic gein as

percenteye of mean {(3.,09%) 8lso confirmed the above,
Runber of seeds ;er pod

Hunber of sesds per 04 showad little differsnces
among the genct;pes studied (Table 13). The maximum mean
vilue was recorded 8s 4,50 and minimum meen value 3,95
with a gen=zrel mean «f 4.21 &nd range as  ercer'sge of mean
as 13.06 (Teble 14). T, belonging to cluster 111 showsd
tre maximum velue end T3 belonging to cluster 1I showed

the minimum.

in the tetel veriation, environmental effect was
predominaent (PV = 0,10%, OV = 0,004 62 EV = 0.109 end
ECV = 7,70, GCV = 1.50) (Tuile 26). The neritebility

(-0.038) an3 yoenetic gein (-0.387) alsc confirmes’ the sbove.

100 Seed weight

The statisticel eanalysis for 100 seed weight

shcwed thet the 4iffer nces among the genctypes were highly
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significznt (Teble 13). The maximum seed weight (8.22%)
end the minimum (6.18) with a general mean of 7,163

and & range &% percentege of mean &s 28,51 were obs rved
(Teble 14). T, belonging to cluster I showed the maximum
velue wnereas T4 belonging cluster II showad the minimum
value (Tavle 24). ¥For tnis cheracter the environment had
é predominent part in the totel veriance (pCvV = 0.534)

GV = 0,021, EV = 0,513, PCV = 11.12 and GCV = 4,.80)
(Table 26). A low heritcb lity of (0.191 end a genetic
gedn of 34,36 [«r cent &lso indicsted low genetic effect

Seed yield

The genctype. differed si nifiic: ntly ir se=d
vield (Teble 13). The chireactar showsd a wide ronge of
veriability with a meximum of 89,82 and minimum of
24,031 with & general mean of 58.81. The range as
pereentege of meen was 111.87 which was the highest emongy
toe cherscters studied (Teble 14). The waximum volue was
recorded by Tg belonging to thg cluster I whureag T

17
balonging to the cluster Ii recorded the minimum violue,

The totel varience of seed yield was shired mors
or less equally by genctyviic and envisonrental voriance.

Th@"resp@ctive verlancss vere PV = 509,21, GV = 246.60,

&
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BV = 262.61. The phenotypic and genotypic coefficient
of varizticns vere 3€.37 and 26.70 respectively., A
comparatively moderate heritability of 0,484 and genetic

gein of 38.26 confirmed the above,
Correlation between yield end yield components

The genotypic and phenotypic correlstion
coef:icients were estimated baged on genotypic end phenotyypic
viriances and co-viriances of the cheracters (Teble 28

For ell the characters the phenotypic covariances
were higher then the genotypic coverliences. Except
hundred seed weight, the genstic components of covariaznce
between yleld ana its component characters wera predominent.
This was confirmed by the indication of & higher
coheritability between yield and its component characters
except hundred seed weight (Table 30).

The correlation ccefficients betwesn yield and
its component charscters and inter correlations avong the
yield components both et genotypic and phenotypic levels
are furnished in Tables 31 and 32.



Teble 28. Estimates of genotypic variances and covariances for different characters in redgram
(Components of variances in brackets)

* *2 X3 *4 Xg *g *q *g *g 0 Y
Height of plant at harvest (x,) (456.476) 20.637 137,444  792.072 2790.057 139.860 402.055 5$5.029 1.857 0.940 278.330
Number of primary branches at harvest (x,) (1.836) 12,863 36.666 146,026 1.680 = 21,359 2.550 0.104 0.332 16.217
Number of secondary branches at harvest (x,) (67.694) 236,180 749.432 29.409 164.606  21.289 0.828 0.644 84.938
Number of clusters per plant (x,) (1487.523) 5286.421 209.023 552.754  73.186 3.155 -4.546 $23,833
Number of pods per plant (x) (18326.703) 814.947 2106.695 285.965 8.014 -17.586 2118,042
Length of pod bearing branches (x,) (49.212) 109.555 14.866 0.826 0.919 95,843
Number of days from sowing to 50% flowering (x7) ) (430.194) 54.335 1.513 -2.1%7 208.917
Number of days from sowing to harvest (xg) ’ (6.841) 0.246  =-24237 95.749
Number of seeds per pod (xg) (-0.004) 0.001 1.147
100 - Seed weight (XIO) (0.121) 0.064
Seed yield (y) (246,599)
[SERY
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Teble 29. Estimates of pherotypic variances and covariances for different characters in red gram
(Components of variances in brackets)

*1 X2 X3 x4 X5 *g *7 *g *q *10 Y
Height of plent at hervest (x,) (1198.52) 42.566 345.065 1271.862 4901.829 407.947 411.362 48.836  4.317 0.415 368.477
Number of primary brenches at harvest (x,) (14.271) 47.140 122.873  394.905 14.818 20.344 2.240  0.144 -0.796 30.583
Number of secondary branches at harvest (xs) (556.522) 637,131 2229.349 159.339  160.681 17.733 2,037 --3.227 173.942
Number of clusters per plant (x,) (4389.931) 14575.711 601.220 572,086 72.862 6.552 =11,299 654.154
Number of pods per plant (x.) (57035.582) 1755.579 2201,204 262.868 30.101 -42.812 2450.138
Length of pod bearing branches (x,) (365.331) 130.B42 14.691 0.470 1.808 102.285
Number of days from sowing to S0% flowering (x7) (442.234) 54,258 1.491 -1.892 203.128
Number of days from sowing to harvest (xe) (7.727) 0.167 -0.287 25.493
Number of seeds per pod (xg) (0.105) 0.030 1.687
100 - Seed weight (XIO) (0.634) 0.512
Seed yield (y) (509.214)
P
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Table 30. Heritability and coheritability among seed yield and its ten components in redgrams.
(Components of heritability in brackets)

1 2 3 *4 X *6 *7 *g X9 *10 Y
Height of plant at harvest (xl) (0.381) 0.485 0.398 0.623 0.569 0.343 0.977 1.127 0.430 0.267 0.78%
Number of primary branches at harvest (xz) (0.129) 0.277 0.298 0w370 0.113 1.050 1.138 0.73% 0.417 0.530
Number of secondary branches at harvest (x3) (0.122) 0.371 0.336 0.185 0.124 1.201 0.406 0.199 0.488
Number of plusters per plant (x4) (0.339) 0.363 0.348 0.966 1,004 0.482 0,402 0.801
Number of pods per plant (XS) (0.321) 0.464 0.957 1.088 0.266 0.411 0.864
Length of pod bearing branches (x6) (0.,135) 0.837 1,012 0.038 0.508 0.937
Number of days from sowing to 50% flowering (x7) (0.973) 1,001 1.018 1.840 1,028
Number of days from sowing to harvest (xe) (0.885) 1.472 0.826 1.010
Number of seeds per pod (x9) (-0.037) 0.038 0.680
100 - Seed weight (xlo) (0.191) 0.12%
Seed yield (y) (0.484)
[UN
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Table 31. Genotypic correlations among different characters in red gram

*1 *2 X3 *a *s *6 *7 *g

Height of plant at harvest (xl) 1.000 0.713%* (,782%* 0.961** 0.,965** 0.933%* 0.907%* 0.985**
Number of primery brancheeg at harvest (x2) 1.000 1,154~ 0.702%* 0,796%* 0.177* 0.760%* 0.719**
Number of secondary branches at harvest (x3) 1.000 0.744%* 0.673%* 0.510** 0.965** 0.989**
Number of clusters per plant (x‘) 1.000 1.012%+ 0.773** 0.691** 0.726**
Number of pods per plant (x5) 1.000 0.858*+ 0.750%* 0.808%*
Length of pod bearing branches (xe) 1.000 0.753%* 0.810%*
Number of days from sowing to 50X flowering (x7) 1.000 1.002**
Number of days from sowing to harvest (xe) 1.000
Number of

seeds per pod (xg)

100 - Seed weight (xlo)

Seed yield (y)

1,383%% 0.126 0.830%*
1,245%%-0,704#%0. 762+
1.601%%-0.225% 0.657%+
1.302%%-0.339%%0.865%*
0.942%%-0.373* 0,996+
1.873%% 0.376%%0.870%*
1.161%%-0.299%%0.642%+
1.497%%-0.261% 0.627%+
1.000 0.054 1.163%+
1.000 0.012

1.000

* Significant at 5X level
** Significant at 1% level
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Table 32. Phenotypic correlations among different cheracters in

rad gram

4 ] 6 7 8 9 10
Height of plant &t harvest (xl) 1.000 0.325%* 0.423% 0,554*% 0.593%* 0,617%* 0.563*%* 0.507** 0.384** £.01%
Number of primary brenches at harvest (xz) 1.000 0.529+* 0.491%* 0.,483%* 0.205‘ 0.256* 0.213* n.118 ~0.265%
Number of secondary branches at harvest (x3) 1,000 0.408%* 0,396** 0.353* 0.324** 0.270* 0.266* -0.172
Number of clusters per plant (x‘) 1.000 0.921%** 0.475%* O.411%* 0.396** 0.305%* ~0.214"
Number of pods per plant (xs) 1.000 Q.385+* 0.438% 0.396*+ 0.388*t -0.225*
Length of pod bearing branches (x6) 1.000 O.326%* 0.277%* 0.124 -0.119
Number of deys from sowing to 50% flowering (XV) 1.000 0.928%* 0.218 * .B.1:13
Number of days from sowing to harvest (xa) 1.000 0.185%  .0.130
Number of seeds per pod (xg) 1.000 0.118
100 - Seed weight (xlo) 1.000

Seed yield (y)

0.472%*
0,.359%*
0,327
N.438**
0.455%*
0,237*
0.428%*
0.406*"
0.230*
0.029

1.000

* Significant at S% level
** gignificant st 1% level



The genotypic and phenotypic correlation
coefficients followed the same trend of association.
Generally the genotypic correlation coefficients were
slightly higher than the phenotypic correlation coefficients.
Here after the word correlation would denote the genotypic
correl&tion. All the yield component characters except
hundred seed weight showed significant correlation at
one per cent level with seed yield (Table 31). Among these,
nunber of seeds per pod (1.163) followed by number of pods
per plant (0.996), length of pod bearing branches (0.870),
number of clusters per plant (0.865), height of plant at
harvest (0.830), number of primary branches at harvest
(0.762), number of secondary branches at harvest (0.657),
number of days from sowing to 50 per cent flowering (0.642)
and number of days ffom sowing to harvest (0.627) showed

positive significant correlation with yield.

Number of seeds per pod showed significant positive
cerrelation with all the yield components. HNumber of pods
per plant showed significant positive correlation with all
other characters except 100 seed weight to which it was
negative. Length of pod bearing branches indicated
significant positive correlation with all other characters
except number of primary branches at harvest. Association

of number of clusters per plant with all othasr characters



o
Ca2
J

except hundred seed weight was significantly positive,
while with hundred seed weight it was significantly
negative. Height of plant at harvest showed significantly
positive association with all other characters except
hundred seed weight. Number of primary branches at
harvest indicated significant positive association with all
other characters except length of pod bearing branches and
hundred seed weight. Association of this character with
hundred seed weight was significantly negativé. Number of
secondary branches at harvest showed significant positive
association with all other characters except hundred seed
weight, to which it was significantly negative. Association
of number of days from sowing to 50 per cent flowering
with all other yield components were significantly positive
except with a significantly negative association to
hundred seed weight. Number of days from sowing to harvest
showed significantly positive association with all other
characters except significantly negative association with
hundred seed weight. Hundred seed weight showed significant
negative association with all other characters except
height of plant at harvest, length of pod bearing branches
and number of seeds per pdd. Association of hundred seed
welght with length of pod bearing branches was the only one
which was significantly positive that it could make.



The phenotypic correletion of yield with all
othexr components of yleld showed the same trend i,e.
significantly positive association of yield with its
components, except hundred seed weight., But the magnitude
of asscciation vas lightly lesser than the genotypic

association.
Path coefficient analysis

In order to show the direct and indirect effect
of yield components on ylield, the path coefficisnt analysis
was done considering all the characters. The genotypic
correlaticons of seed yield and its attributes were
partiticned inte direct &nd in’igxect contridutions of the

components on seed yield., Data represented in Table 33.

The results showed that more than 92 per cent of
the variability in sezd yield pex plant was contributed
by the 10 component characters alone and in combinaticns
(Residucl effect = /0.07227). 1t is seen from the table
that maximum positive direct effect on seed yield was for
nurber of pods per plant (4.8914) followed by hundred seed
weight (1,6868) where @8 maximum negative direct effect was

for nunber cf clusters per plant (-2,7588) followed by



Table 33. Direct and indirect genotypic effects of ten contributing characters on seed yield in red gram

2i’§§§f§f§‘f§ x4 x, X3 Xy Xg g X7 8 " *10 correlation
Height of plant at harvest (xl) -1.4718 - 0.8€01 0.5832 -2.7284 3.5512 -0.1065 -0.0358 -0.667 -0.5180 11,3630 0.830
Number of primary brenches et harv st (xz) 0.8732 ~1,0490 - 0.9361 -1.9366 3.8936 0. 0722 -0,0434 0.0001 -0.7960 ~1.1875 0.762
Number of secondary branches at harvelt(x3) 0.8112 <1.1510 1.0077 - -2.0825 3.2919 0. 2081 -0.0550 0.0001 1.0239 -0.3795 0.657
Number of clusters per plant (x‘) ~2.7588 -1.4144 0.6130 0.6035 - 4.9501 0.3154 -0.0394 0.0001 -0.8327 -0.5718 0.865
Number of pods per plant (xs) 4.8914 -1.4203 0.6951 0.5459 -2.7919 - 0.3501 -0.0428 0.0001 -0.6024 ~0.6292 0.996
Length of pod bearing breaches (x6) 0.4081 0.1546 0.4137 -9.1325 4.1968 0.4081 - -0.0662 -0.3528 -0.6395 0.6342 0.870
Number of days from sowing to S0%X fliowering -0.0570 -1.3349 0.6637 0.7828 -1.9063 3.6686 0.3703 - -0.2362 -0.7425 ~5,5044 0.641
Number of days from sowing to harvest E:Z; -0.2357 <1.4497 0.6279 0.8023 -2.0029 3.9523 0.3305 0.0001 - -0.9514 ~0.4403 0.627
Number of seeds per pod (x9) -0.6395 -2.0355 1,0872 1.2987 -3.5919 4.6077 -0.6395 -0.0662 -0.3528 - 0.0911 1.163
100 - Seed weight (xlo) 1.6868 -0.1864 -0.6148 -0.1825 0.9352 -1,8245 -0.6342 0.0170 0.0612 -0.0345 - 0.012

Residual effect =/ 0.07227
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height of plant at harvest (-1.4718). The direct effect
of number of primary branches at harvest was estimated

as 0.8732 indicating a positive effect on yleld for this
character. The same positive direct effect on seed yield
was also indicated by number of secondary branches at
harvest with an estimated value of 0.8112. The least
positive direct effect on seed yield was for length of pod
bearing branches (0.4081). Number of seeds per pod showed
a negative direct effect on seed yield (-0.6395) followed
by number of days from sowing to harvest (-0.2357).

The least negative direct effect on seed yield was number

of days from sowing to 50 per cent flowering (-0.0570).

The highly significant correlation between number
of pods per plant and seed yield (0.996) wés resulted from
the high positive direct effect (4.8914) whereas maximum
significant correlation between number of seeds per pod
and seed yield (1363) might have resulted from the high
positive indirect effects on yield by number of seeds per
pod through number of pods per plant (4.6077). The high
significant positive genotypic correlation between yield
and number of cluster per plant (0.865) was mainly due to
the maximum positive indirect effect of number of cluster
per plant on yield through number of pods per plant
(4.9501). The maximum negative indirect effect of number



134

of days from sowing to 50 per cent flowering on yield

wae through hundred seed weight (-5.5044).
Selection index

Selecticn index tnrough discriminent function
analysis was “itted to ascertain the extent of contribution
of each factor towards seed yleld per plant and also to
predict thy seed yield based on the phenotypic performence
of the selected cherazcters viz,., seed yleld, height of the
plant at harvest, nuwber «f primary brenches at hervest,
nunber of clusters ;er plant, number of pods per plant,
nurber of seeds per pod and hundred seed weight. These
charociers were salected based on the direct and in‘irect
effects and genotyplc correlaticns. The discriminent
function for the different conbinatiuns is pressnted in
Teble 34. Teble 3% gives the genetic sdvance tirough the
various combinationg, its efficlency over direct sels=ction

aend scope for further inclusion of charzcters.

Maximum efficiency of 1.098 over direct selsction
vas for the selecticn index constituting seven characters
viz., yleld, number of sesds rer pod, hundred seed weight,

height of the plant at harvest, number of primery branches,



Table 34. Discriminant function for the different combinations

Sl.No. Combinations Discriminant function
1 Y, Xg 0.47326 y + 3.32009 Xq
2 Y. Xg. Xg 0.38654 y -~ 1.38115 x4 + 0.021259 xg
3 Y, Xgo Xgo Xg4 0.382103 y -~ 1.24758 xg + 0.01938 x,. + 0.0648 x
4 Yo Xgo Xy 0.38083 y + 0.018756 x, + 0.0656 x
5 Y, Xg. xs. xlO' X4 0.38548 y - 2.08084 Xg + 0.0337 x. + 0.06915 x
0.06845 X,
6 Yo Xgo Xgo X900 Xgo Xg 0.3749 y - 2.6478 xg + 0.0337 Xg + 0.06915 x
0.0634 xq *+ 0.03232 x4
7 Y, Xgo Xge X900 Xgo 0.38264y - 2.8379 x, + 0.03277 xg + 0.0629 x
X10%2 -0.0537 x, + 0.03603 x, - 0.027215 x,
y = seed yield
X, = height of the plant at harvest
X, = number of primary branches at harvest
X, = number of cluster/plant
Xg = number of pods/plant
Xg = number of seeds/podt
X10™ 100 seed weight



Table 35. Genetic advance (GA) through selection index, efficiency over direct

zelection and scope for further inclusion of characters
X1l- rfA)

sl.

G.A.through Efficlency Gain 4in

No. Character combination selection ovar direct efficiency 1—r§A
index selection (%)
1 Y. Xg 22.6139 1.0045 (0.5) 0.5113
2 Yo Xgo Xg 24,2661 1.0780 (7.8) 0.4373
3 Yo Xgr Xgo X4 24.3797 1.0830 (8.3) 0.4320
4 Yo Xgo X4 24.4053 1.0840 (8.4) 0.4308
5 Y, Xgo Xgo Xq00 X, 24.6140 1.0938 (9.4) 0.4210
6 Y. Xg Xgo Xyo0 X0 X 24.6560 1.0953 (9.5) 0.4191
7 Y. Xgo Xgo Xy00 Xg0 Xq. X, 24.7200 1.0980 (9.8) 0.4160
Direct selection 22.4995 1.0000 -

yield

number of seeds/pod

100 Seed weight

helght of the plant at harvest
number of primary branches at harvest
number of clusters/plant

nunber of pods/plant

MX‘NN%“XSXKO’G -
L I B I A |
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number of clusters per plant and number of pods jer

plent and its geln in efiiclency was 9,8 per cent.

Scope for further inclusion of character for improving
the selection index was only 41 per cent. i.e. %59 per cent
of the genetic improvement through selection could be
achieved through the above combinaticon. Though the gein
inefficiency was slightly lower (8,4%) the selecticn
index constituting the charccters yield, nurhaer of pods/
plant and hundred se2d weicght was also promising since it
included only three characte2rs. The efficlency of this
combination over direct sslecticn was 1.084. The genetic
advaence of the above two combinsticns of selection weas

24.72 and 24.41 respectivaly.

Estimstes of the selaction index using characters,
viz., se=d yield, nurbher of pods per plant and hundred
seed weight end the renking given to the genotypes acccrding

to the selecticn icdex &nd yleld are given in Table 3¢,

Besed on the sbove discriminant functicn, the
genotype Tg which has en sstimeted selection index of
44.66 secured 1lst rank in both i.,e. based on selecticn index

and yield. In the case cf'Tl which has an estimated



Table 36, Estimates of the selection index using
characters seed yleld (y) Number of pods
per plant (xs) end 100 seed weight (xzo)

Rank saccording to

Genotype Selection index
Selection field
index

T1 44.3100 2 2
Tz 41.8566 4 3
Ts 16.1284 19 ' 19
T, 30.0420 14 15
Ts 42.9595% 3 6
Tg 33.6473 12 12
T, 27.7889 16 14
Te 37.9298 7

Tg 44.6600 1 1
T10 18.6460 18 18
T11 26.2077 17 17
T12 36.1171 8 10
T13 34.945%8 10 @
Tl‘ 38,1035 6 5
Ty g 41.8024 S 4
Ti6 28,5718 15 13
T17 13.4817 20 20
Txe 30.2094 13 16
Ty9 34+8296 11 11
TZO 35.6244 9 8

Relstive efficiency = 8.4%
Bver Adirect selection

[S0N
QO
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selacticn index of 84.31 received 2nd rank in both based

on selection index &nd yiszld. The genotyp# T2 which got
3rd renk in renking based on yleld, got 4th renk bzased

on selacticn index. T5 wvhich got 3rd renk in ranking based
on selection index, secured 6th rank based on yield.
Likewise & changed set ¢f genctypes was formed in renking

based on selection index and yield.

setimates of selection index which shoved the
maximum relstive efiiciency over direct selection (9.8%)
using charecters sead yield, number of se>ds per pod,
nunbar ¢f cods per plant, hundired seed weight, number of
clusters .er plent, height of the plant at hervest and

nunber ¢f primery brianches are presented in Teble 37,

Ranks were given tc the genotypes Tl .....Tzo

based on the ebove selection index and yiald.

Bused on selection index lat rank was given to Tl
(selection index = 39,1E6) while based on yield 1st rank
was gone to Tg. In the ss2laction index raenking, T9 szcured
only 2nd rank. In the case of renking basaed on yield,

ist rank to Tg and 2nd renk to TI' Likewise Tz got 3rd
rénk besed on yleld while it was TIS vhich got t:e 3xd

rénk besed on selection index.

The m2en vslues of eleven characters of 112 ga:nctypes
of red gram are presented in Aprendix I. Dz veélues consi-
dering all the eleven cheracters simultenecusly are given

in Appendix 11,



Table 37. Estimates of selection index using characters
seed yield (y), number of seeds/pod (39)
number of pods/plant (xs). 100-5eed
weight (x,,), number of”clusters per plant (x,),
height of " “the plent at harvest (x,) end
number of primary branches zt harvist (xz).

Rank sccording to
Genotype Selection index

Selection Yield
index
T, 35.18¢ 1 2
Tz 34,600 s 3
T: 9.472 19 19
T‘ 24.541 13 15
TS 37.468 4 6
TG 26,663 12 12
T7 21,242 16 14
Ta 34.006 6 7
'1'9 38,506 2 1
T1° 11.668 18 18
Tll 12.718 17 17
le 30.856 8 10
T13 29.444 10 9
T14 29,921 9 S
Tlﬁ 38.306 K 4
T16 22.147 14 13
Tl? 6.914 20 20
TXB 22.039 15 16
219 28,567 11 11
Tzo 31.210 7 8

Relative efficiency = 9,.8%
over direct selection
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DISCUSSION

In any plant breeding programme, the main objective
is the development of elite crop varieties through genetic
upgrading of economic crops. This usually follows two
pathways viz., "production breeding” and "defect elimination
breeding”" or "resistance breeding”". Though these two
pathways are termed differently, they go side by side and
are complementary. Production breeding with which the
breeder is mainly concerned, is usually followed for evolving
varieties or improving the existing ones. The varieties
thus evolved or synthesised should have a better genetic make
up within a morphological frame work that will result in a
better and an efficient absorption of plant food ingredients
from the soil and also in the harvest of solar energy.
resulting in a better conversion of the above factors into

the final harvestable produce.

The basic information which a breeder usually requires
as a prerequisite to any breeding programme of a particular
crop species, is the extent of variability present in the
available germplasm. Informations on heritasbility and
estimates of genetic advance that could be obtained in the
next cycle of selection are of vital importance to the breeder

in deciding the appropriate method of breeding.
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The importance of genetic diversity of parents
in hybridisation programme has been emphasised by many
workers. The more diverse the parents within a reasonable
range, the more would be the chances of improving the

2 statistics has been

characters in question. Mahalanobis D
found to be a powerful tool in the hands of plant breeders
to assess the degree of relationship among the genotypes

and to group them based on their phenotypic expression.

A knowledge on the degree of association among
quantitative characters would help the breeder to pinpoint
a character or characters whose selection would automatically
result in an overall progress of such characters which are
positively correlated with yield and would also result in
the.elimination of such characters which are negatively
correlated with the yield.

The association analysis based on correlation
coefficients of components with yield will not prove a true
picture of the relative merits or demerits of each of the
components to final yield, since an individual component
may either have a direct influence in the improvement of
yield or may have influence through other components or
both. Hence an assessment of the merit of each character

by analysing the direct and indirect effects of each
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character towards yield is a valuable information in

selecting the characters for crop improvement.

For selecting suitable genotypes from a highly
heterogenous mass population, the selection should always
be based on the minimum number of characters. An estimation
of discriminant function based on such most reliable and
effective characters, is a wvaluable tool for the practical
plant breeder. Selection of genotypes based on a suitable
index is highly efficient in any breeding programme
(Hazel, 1943). More over, discriminant function would ensure
a maximum concentration of the desired genes in the plants

or in the lines selected.

Thus the objectives and methodology of the present
investigations which basically deal with obtaining the
relevant genetic informations as a prerequisite for production
breeding programme in a number of red gram genotypes are
fully justified. The results obtained are discussed in the

following pages.
Variability in red gram genotypes

The one hundred and twelve red gram genotypes were
observed to be significantly different for eight out of

eleven characters studied, viz. height of plant at harvest,



number of primary branches at harvest, number of clusters
per plant, number of pods per plant, length of pod bearing
branches, number of days from sowing to 50 per cent

flowering, hundred seed weight and seed yield.

Of the variocus estimates of quantitative variability.
mean range and variation around the means are the basic
ones., Success in genetic improvement of a crop would, to a
large extent, depends upon a wide genetic base resulting
in a wider genetic variability. In the present investigation
it is seen that the range of variation for almost all the
characters is large particularly in respect of height of
plant at harvest (129.00 to 354.00 cm), number of primary
branches at harvest (5.70 to 20.80), number of secondary
branches at harvest (18,70 to 286.40), number of elusters
per plant (9.85 to 322.40),length of pod bearing branches
(73.00 to 218.50 cm), number of days from sowing to 50 per cent
flowering (71.00 to 105.00), 100 seed weight (5.55 to 10.25 g)
as well as seed yield (6.80 to 297.40 g). This indicated
the presence of enough variability in the population under
study. The investigations of Rathnaswamy et al. (1973),

Ram et sl. (1976), Awatade et al. (1980), Asawa et al.(1981),
Bainiwal et al. (1981), Dumbre and Deshmukh (1983),
S8horan (1983) and Jagshoran et al. (1985) have also shown

that a wide range of varlation was present for most of the

characters considered in this crop.



More thén the totél observed veriation,
it is the nature of that variation which is more
importent. The totzl variability czn be divided
into heritable and ncnherital components., Variance
estimates in the present study have indicated the

influsence of both genetic and environmental factors.

smong the characters, height of the plant
at harvest showed the maximum herditability (0.803),
followed by number cf deya to 50 perxr cent flowaring
(0.773), number ¢f cluster pzr plant (0.606), seed
yield (0.546) and number of pods per plant (0,%35)
thereby sugyesting that these traits are mainly
governed by genetic causas and are rellable characters
for selection. The heritabllity of the characters
like number of seccndery brinchaes at harvest (0,093),
nusper of deys from sowing to harvest (0.0C4),
and number c¢f seads per pod (0.010) are hiyhly

influenced by enrvironment.
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Genetic divergence among the red gram genotypes

One of the main objectives of the present
investigation was to assess the genetic diversity among
the genotypes of red gram and to group them into clusters
based on the genetic distance. On the basis of genetic
distance computed with reference to eleven economic
characters, the 112 genotyces of red gram could be grouped
into five clusters. The distribution orf genotypes into
various clusters showed no regularity. Cluster I contains
eighty genotypes, cluster II contains twenty six genotypes,
cluster III con-ains four and cluster IV and V one each.
Cna hundred and six genotypes vere found to comprise just
in two clusters in the present study. Such irregular
pattern of distribution has been reported by Malik et al.
(1985), and Hazariks and Singh (1986).

It is interesting to note that the clustering
pattern did not follow the geographic pattern. Within the
cluster, the genotypes showed wide geographic diversity.

In cluster I, 29 genotypes belonged to Delhi collection, 10
genotypes belonged to ICRISAT, 33 genotypes to the local
collection from Kerala and eight genotypes to the collection
from Karnataka. In cluster II all the 26 belonged to the

improved genotypes from TNAU Coimbatore. Among the four



genotyres included in the cluster 11X, one genotype
belonged to Delnhi collecticn and the re=st to locsl
coliections from Kerale. Clusters IV and V contained
only cne genctype eacn received from Delhi. These results
indicated that genotypes of the same region of origin
cculd fell into different clusters., These findings are

in agreement with the results of Asawa (1979), Dumbre

&nd Deshmukh (1984) and Malik et al. (1985).

Amenyg the five clusters studied, cluster IIIX
encwed high wmesan velues for many of the desirable charectors
iike yleld, neight of the plant at harvest, number of
cluster per plant, nuiber of ;ods per plant, length of
pod beering brenche:, number of days from sowing to 50 per cent
flowering etc. indiceting thazt cluster 11l is su;ericr
tc the rest of the clusters in respect of desirable
attributes., Generally low vilues are attributed to
cluster I1 in most of the charecters snowing that cluster II
is inferior among the rest. Cluster IV is surerior for
cnar&cters like numbzr of primery branches st harvest and
number c¢f deys from scwing to hervest., Rest cf the
clusters are intsrmediery in position.

Dz an?d D velues pressnted in Table 11 &nd Table 12

heve indicated thet the minimum genetic distance was
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between cluster III and IV and maximum between cluster IV
and V. Rest of the clusters were found to occupy
intermediary positions as regard to their genetic distance
with other clusters. Thus it is to be concluded that
cluster III and cluster IV are genetically closer while

cluster IV and V are wider.

A cluster diagram showing all the five clusters
along with their intercluster distances is furnished in
Fig.1l. This diagram gives an overall picture of the distri-
bution of the five clusters. It is also seen that clusters
I, III and IV are relatively close while II and V are

distant between themselves and also from the rest.

The maximum intracluster distance was shown by
cluster II (6.47) followed by cluster I (4.79) and cluster III
(3.78), thereby indicating a higher degree of variability
in cluster II as compared to clusters I and III. This fact
fully justified the selection of eight genotypes from
cluster II, six genotypes from cluster I, four from cluster
III one each from clusters IV and V for further detailed
study. Further, these 20 genotypes truly represented the
wide spectrum of variability present in the population
studied, since among the twenty, there were genotypes
representing high, medium, and low values for all the 11

parameters based on which the variability in the population



FIG.1. CLUSTER DIAGRAM OF ONE HUNDRED AND

TWELVE GENOTYPES IN RED GRAM

«—— Inter cluster D values
Intra cluster D values




was studied. These twenty selected genotypes also
represented the different geographic origin, since seven
genotypes belonged to locel collection from Kerazlas,
one genotype to Karnatake, four genotypes tc Delhi

collection, and eight from THAU, Coimbatore.

Among the 20 genotypes comg.eéred for the elevan
characters in the second fleld experiment, the genotype Te
belonging to the cluster I, was found to top 211l others
in the height of the plant &t harvest. «with r=gerd to
nunber of primary brenches &t hervest and seed yleld, Tg
belonging to the same cluster was found tc top. The genctype
T7 belonging to the above cluster was found to be on top
among the genotypes for the character 100 seed weight &nd
when the genotype T6 belonging to cluster 111 shoved the
maximum vielue with respect ¢f number <f secondary branchas
at harvest, it was Tze of cluster II which showed the
maximum number of clusters per plant. Among the characters
like number of pods per plant, number of days from sowing
to 50 por cent flowering, numbor of dsys from sowing to
hervest end number of se=ds per pod, the maximum volues
were recorded by Ts. Ts, Tl and T5 respectively and all
these genotypes belonged to Cluster 1. Tzo and T7 belonging

to cluster I showed the maximum vzlue in respect of
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characters like length of pod bearing branches and
hundred seed weight respectively. These facts clearly
indicated that wide spectrum of variability was present
in the material. Hence choice of the 20 genotypes for

the second field experiment is fully justifiable.
Variability in the selected genotypes

The twenty selected red gram genotypes evaluated
for eleven economic attributes were observed to be
significantly different for s=ven characters viz., height
of plant at harvest, number c¢f clusters per plant, number
of pcds per plant, numnber of days from sowing ‘o 50 per cent
flowering, number of days from sowing to harvest, hundred
seed weicht and sead yield. 1In the case of characters like
number of primary branches at harvest, number of secondary
branches at harvest, length of pod bearing branches and
number of seeds per pod, the results did not satisfy the

test of significance.

Of the various estimates of quantitetive variability,
mean, range, and variation around the mean are the basic
ones. Success in the genetic improvement of any crop would,
to a large extent, depends upon a wide genetic base

resulting in a wider genstic variability. In the present



Plate 1, A Jenotype of red gram representing cluster I,

Plate 2, A genotype of red gram representing cluster II.






Plati 3. A genotype of red gran representing cluster II1l.

Plate 4. A genotype of red gram representing cluster XV.
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Plate 4



Plete 5. A genotype of rod gram representing cluster V

Pl 1te 6. Cluster of pods representing different groups



Plate S

Plate 6



Plat* 7. Variation in sis* and colour of saada of genotypaa
of rad gram inrludad in tha atudy.
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investigstion it masy be seen thet the range of veriation

for all most all the perameters except number of days

from sowing to harvest is fairly large (Fig.2). This is
parti?ularly shown in respect of nwber of secondary
branc%es at hervest, number of clusters per plant,

numbﬁf of pods per plant, seed yield etc. This indiceted
the presence of enormous smount of variability in the
selected population under study. This is in agreement with
the results reported by Ratnagwamy et sl. (1973), Ram et al.
(1976 b), Singh and Srivastav et al. (1977), Jagshoran

(1985) etc. in red gram.

The obszrved wide veriability alone is not
sufiicient for the breasder, A knowledge of the extent and
nature of genetic variability 4s all the more important. This
mékes| ti:e brevder to partition the total variability irto

neriteble or genetic and nonheriteble components baceuse of

the high influence of environment on the exgressioun of
almoap a#ll the guantitstive traits., Veriance estimates in
tie pkelant investigaticn neve shown that the total obsorved
varience 1n.two out ¢ eleven characters studied are mainly
due to genatic causes &8s indlceted by the predominant
genetyple verience over environmental verience. In nine

cut of eleven case:z, the environmentasl veriance is seen to
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IN RED GRAM
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surpass the genotypic variance thereby indicating that
in those cases the expression is highly influenced by

fluctuéting environment.

The magnitude of variance as such does not indicate
the rellative amount of variability for which coefficients

of variation appear to be a better index when the characters
of difﬁerent units of measurement are to be compared.

High genotypic coefficient of variation indicates that

genotyplc variability present in the material is high and
enables one to compare with that present in other traits
or characters. The values estimated for phenotyr-ic and
genotypic coefficlient of variation in the present study
have reyealed that characters like number of clusters per
plant, number of pods per plant and seed yield have high
estimates of over 20 per cent. This is suggestive of the
fact thgt there is high degree of variability in the crop
for the#e characters as compared to the rest and therefore
the samecan be utilised for crop improvement programme.
Characters like number of secondary branches at harvest,
number of days from sowing to 50 per cent flowering etc.
are observed to have moderate genotypic coefficient of
variation (10 to 20%) while the rest of the characters
like height of plant at harvest, number of primary branches

at harv#st, length of pod bearing branches, number of days
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from s$wing to harvest, number of seeds per pod and
hundre& seed weight have exhibited low values of
genotypic coef icient of variation (below 10%) there by
suggesﬁing that these characters offer little scope for

selection (Fig.3).

1The magnitude of genotypic coefficient of variation
alone ﬁill not help the breeder to determine the amount
of variation that is heritable (Gandhi et al., 1964).
Heritaﬂ;lity estimates will give an index of that portion
of vari%tion that willbe transmissible to the progeny.
Accordi%g to Burton (1952), genotypic coefficient of
variation together with heritability estimates would give
a true picture cf the amount of progress to be expected by
selectibn. Results ob:tained in the present investigation
have indicsted that the character number of days to
50 per &ent flowering has moderate genotypic coefficient of
variation (18,76%) coupled with high heritability (0.973)
and the character seed yield has high genotypic coefficient
of vari?tion (26.70%) toget :.er with moderate heritability
(0.484) . Heritability estimates are the highest for number
of days‘from sowing to 50 per cent flowering (0.973)
followed by number of days from sowing to harvest (0.885).

Other cﬁaracters like height of the plant at harvest, number

|

|
i
|
|



Height of plant at harvest

Number of primery branches at harvest

Number of secondary branches at harvest

Number of clusters per plant

Number of pods per plant

Length of pod bearing branches

Number of days from sowing to 30% flowering

Number of days from sowing to harvest

Number of seeds perxr pod

100 ~ Seed weight

Seed yleld



Phenotypic
Genotypic

OTYRIC
IN RED GRAM

C AND GEN

MOTYP!
ARACTERS

—

—
[

PH
CH

FIG. 3.

&\\v

ooo‘..ococo.oo-o-.-o

0K
.

T

DOOOOOOOOOC
P SOOI IOCIOOLN XN

!ﬂnq-.«.q)«nq!q)ﬁb-q.q-v

OO

¥ A ] ¥
O O (@] O
[Sa} ~r o (@]

T 39VAIN3Od3Ad

70 4




15+

of clugters per plant, number of pods per plant, seed
yield etc. have given values of heritability ranging

from 30 per cent to 50 per cent and hence these characters
can be improved by selection to a certain degree since

magnitude of heritability indicates the effectiveness with

which &he selection of genotypes can be based on phenotypic
perforﬁance (Johnson et al. 1955). Other characters like
number of primary branches at harvest, number of secondary
branches at harvest, length of pod bearing branches, number
of seeds per pod, hundred seed weight etc. have recorded
low heritability estimates ranging from 3 to 19 per cent
thereby indicating the limited scope for selection for

these ﬂraits.

heritability estimates alone will not provide a
complete picture of the amount of genetic progress that
would result from selecting the best individuals. Alterna-
tively better and more realistic approach in such a situaticn
would be to consider the heritability estimates and genetic
advance jointly so as to arrive at a more reliable
conclusion. In the present investigation genetic advance
was estimated in absolute vealues for each character and
also percentage of mean (genetic gain) for comparying the
different characters. Expected genetic advance, estimated

in absolute values for the different characters has indicated
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that under 5 per cent intensity of selection i.e. by
s2lecting 5 per cent of supuarior plants from the

availab‘s population it will be possible to improve

height @f plent &t hervast by 27,172 o, number of primary
br&nche% at harvest by 0.996, number of seccndery branches
at hervest by 0.929, number of clusters per plant by
157.923L length of pod beering branches by 5.135 com,
number ¢f days from sowing to harvest by 5.068, nurber

of seeds per pod by -0,025, 100 seed weight by 0.313 g
and aee@ yield by 22.499 ¢ respectively.

|
| The genetic gzin estimate 1s maximum for seed

yield ($3.26%). followed by nurbar of days fram sowing to
50 ,er ?ent flowering (356.1%%) end number of pods rar
plant (#3.87%). Th=s ssme 1s found €0 be negetive for
number ff seeds p=r pcd («~0.59%). The other charactars
stuﬁiedgar@ found tc possess values of genetic gzin 1o

petween the two extremes,

hccording to Panse and Sukhatme (1957) high
heritab#lity coupled with high genetic gain indicetes additive
gena ef#ects while high heritability with low genetic gsin

|
indicetes non additive gene effects which include dominance and




epistaa;a. Results of present investigstion have
indicatéd that the cheéracters like numbexr of days from
sowing to 50 per cent flowering (0.973) and seed yield
(0.484)5h&ve exhibited high or moderately high estimetes
of he:iésbility coupled with high or moderately hignh (38%)
genetic gein estim:ites, thereby indlicating the involvement
of additive gene effects for the charscters conseuently
they can be improved through straight selecticn.
Charactéra like number of days from sowing tc harvest,
height df pleant at hesrvest etc. have high or moderately
high estimates of heritebility together with low volues

of gane%ic gein &nd hence such chiracters may be attributed
to the +ction of non additive genes of the type dominance
or epis%alia (Fig.4). As sucn selecticn has very limited

scopa f¢z improving such traeits.
|

A compariscn ¢f the selected @genot;pes for the
different economic treits has revealed that the different
genoty, @8 corry supericrity with regard to virious traits
taereby suggesting lmnense possibility of combining the
desirable attributes through offective combination breesding
programie between genctvies sslecta2d from the available

meterial,

Y¥ield in eny crop is & complex chezracter determined

by & number of yenetic fectors and envircrnmental conditions
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occurring at the various stages of the growth of the
plant. | Hence, selection for yield, merely on the basis

of its phenotypic expression, is likely to give misleading
results. A more rational approach to the improvement of
yield would therefore be to have some knowledge on the

assoclation between different yield components and their

relatiYe contribution to the final yield. A knowledge
of sucﬁ relationship is essential if selection for the
simulténeous improvement of yield components and in turn
vield is to be effective. For this purpose a simple
correlation study seems to be inadequate to measure the
association, since different genotypes are susceptible to
enviromment in varying degrees. Robinson et al. (1951)
have péinted out the usefulness of phenotypic and genotypic
correlation in crop improvement progfamme, Genotypic
correlation coefficients provide a measure of the degree
of qenétypic association between the characters and
reveal such of those useful for consideration. With this
object in mind, the phenotypic and genotypic correlation
coefficients between yield and ten of its selected
components and the inter correlations emong them were

worked| out.

The results have shown that in nine out of ten

cases, there has been significant positive correlation
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betwaeen the component charscter and seed yield both in

the phenotypic and genctypic levels. However, in the

case of 100 seed weight, the correlation with yield was

- not significent both in the phenotypic and genotypic

| levels. In &ll the nine out of ten cases were significant
positive cocrreletion has been obtéined, the genotypic
ccrrelation coefficients have been observed to be much

highar than the corresponding phenotypic correlations,

thereby indicsting the preponderance of inherent relationship.

The association of yleld with its componants
through simple correlation e2lone is not adequate in any
selection programme. A knowledge abcout their inter relatione
ship 1is %luo needed. Doku (1370) based on nhis work in
| cow pea ‘as sugoested thet inter correlations arong the
yield components should be estimsted, since in ectual
~ breeding progremrz, rste of inprovement in one component
? might or might nct result in the improvaement of other
component. The estimates of inter correlsticns for the
yield cofyonanta in the gresant study have revealed that
out of 45 intexcorrslaticns estimated 32 in the phenctypic
level 42 in the genctyplc levsl have produced si;nificant
values. The results have shown that height of plant at
% harvest with six other components, number of primsry

brancheg at harvest with two cother componsnts, number of




secondary branches at harvest with three other components,
number of cluster per plant with two other components,
number of pods per plant with one, length of pod bearing
branches with one, number of days from sowing to 50 per cent

flowering with two and number of days from sowing to harvest

with ong other component are seen to be strongly and
positivgly associated as evidenced by high genotypic corre-
lation #oefficienta (over 90%) thereby indicating that
improvehent through selection in one trait will take care
of a si@ultaneous improvement in the other traits as well.
One hunbred seed weight is seen to be negatively correlated
with nuhber of primary branches at harvest, number of
secondaﬁy branches at harvest, number of clusters per plant,
numbex bf pods per plant, number of days from sowing to

50 per cent flowering and number of days from sowing to

harvest (Fig.5). This suggests that improvement through

selection of 100 seed weight is possible only at the expense

of the other six components.

A comparison of the magnitude of genotypic and
phenotjpic correlation coefficients in the present investi-
gation‘has shown that within the limits of adaceptable
errox, genotypic correlation coefficients are seen to be
more than the corresponding phenotypic correlation coefficients
This indicates the inherent genetic correlation of that

component character with yield.
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The association analysis through correlation

studies slone will not provide a true picture of the

relative merits or demerits of each of the components to

final Iield, since an individuel component may either

have direct influence in the improvement ¢f yield or

indire¢t role through other components in the improvement
of yieid or both. Path ccefficient analysis develoyed by
wright (1921) and spplied for first time in plant by
Dewey and Lu (1959) furnished a means for finding out the
directiand indirect effects of individual components to
final ﬁield. Results of path coefiicient anslysis in the

presenﬁ study have revealed thet number of pods ; or plant

has th# maximum direct efiect (4.8914) tcwards seed yield,
fcllow%d by 100 seed w2ight (1,6868), number c¢f primery
branchéa at harvest (0.8732), number ¢f seccndary brenches
at hervest (0.8112) and length of yod bearing branches
(0.4081). The direct effects of five of the other
compongnts such as heicht of plent at harvest (-1,4718),
number:of clusters per plant (-2,7588), numter of days
from sowing to 50 per cent fiowering (-0.0570), number of
days from sowing tc harvest (-0.2357) and number of geeds
per po# (-0.6395) are seen to be negetive, though these

|
componqnts have registered significant ;ositive correla-~

tions (Fi¢.6). This is explainable becsuse of the fact
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FIG. 6. PATH DIAGRAM INDICATING DIRECT AND INDIRECT EFFECTS OF THE
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that t#ese components might influence yield by their
indireét effects through other components. Thus for
example height of plant at harvest has been observed to
have p@sitive indirect effects on seed yield through

number of pods per plant (3.5512), 100 seed weight (1.3630),
number of primary branches at harvest (0.8601), and number
of secondary branches at harvest (0.5832). Similarly
nunber of clusters per plant is seen to have positive
indirect effect through number of pods per plant (4.8501),
number of secondary branches at harvest (0.6035), length of
pod bearing branches (0.3154) and number of days from
sowing to harvest (0.001). The same holds good in case

of num#er of days from sowing to 50 per cent flowering
which ﬁas shown positive indirect effects through number

of podé per plant (3.6686), number of secondary branches at
harvesﬁ (0.7828) ,number of primary branches at harvest
(0.6637) and length of pod bearing branches (0.3703). Same
is the‘case with reference to number of days from sowing

to harvest, which has exhibited positive indirect effect
through number of pods per plant (3.9523), number of
secondary branches at harvest (0.8023), number of primary
brenches at harvest (0.6279), length of pod bearing branches
(0.3305) and number of days to 50 per cent flowering

(0.0001). In the case of number of seeds per pod also high




positivF indirect effect on seed yield is seen through
number tf pods per plant (4.6077), number of secondary
branche

at harvest (1.0872) and 100 seed weight (0.0911).

at harvest (1.2987), number of primary branches

hhe residual effect cslculated in the path coefficient
analysis amounts to only/0. 07227. This indicates that
about 9@ per cent of the variation i seed yield in red gram
is cortributed by the ten component traits considered for
the path analysis. This comparatively low value obtained
in the %resent case fully supports the right choice of
componénts in red gram for path coefficient analysis. As
such, ﬁrom the results of present study it can be concluded
that gqeater emphasis has to be laid for improving number
of podﬁ per plant, 100 seed weight, number of primary
branch%s at harvest, number of secondary branches at harvest

and leﬁgth of pod bearing branches which have shown high

positi&e direct effect to seed yield.
Discriminant function analysis

‘Hazel (1943) suggested that selection based on a
suitable index was highly efficient. Goulden (1959)
believed that the discriminant function would ensure a
maximuw concentration of the desired genes in the plants or

in the |lines selected. Hence the descriminant function




analys%s (Fisher, 1936 and Smith, 1936) were carried

out wi¢h a view to evolving a selection index for isolating
superi?r genotypes from among those tested. Seven models
using ;arious combinations of yield and its components

were tlied. These traits were selected based on their

direct effects and genotypic correlations with yield.

Maximum efficiency of selection index over direct
select#on (9.8%) .was observed when all the seven characters
viz., Qeed yield, height of the plant at harvest, number of
primary branches at harvest, number of clusters per plant,
number of pods per plant, number of seeds per pod and
hundreq seed weight, were included. But for the ease of
select#on, the selection index should be formulated with
minimu# number of easily measurable charccters. Here the
lelection index formulated by using seed yiéld, number of
pods per plant and 100 seed weight, which has an efficiency
of 8.4 per cent, is more useful. This is seen to include
57 per cent of the factors determining the yield. The
selection index formulated with seven traits is seen to
includé only 59 per cent of the factors determining the
yield.j

‘Hence from the results of discriminant function

analysis carried out in the present study, it can be




concluded that greater emphasis has to be leid for
improviAq numbesr of pods per plent end 100 seed welght,
The selection index formulated by using seed yield,
numbex Jf pods per plant and 100 seed welight 1s suggested
for selgcting superior genotypes. By using the above
salecti#n index the genotype Tg (NBPGR, Acc.No,l1l

| (NBPGR, Acc,.No,124 PLA-345-1)

1
is sugg#sted for selection fur incressing the yield in

(EC~10046-1) follcwed by T
\

red grad. By using the selection index formulated with
seven trcits, the genotype T, ({(PLA-345-1) followed by
Tq (2C~-10046-1) i3 to be the secuence for the improvement

in yield.
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SUMMARY

Genetic studies in Red gram (Cejanus cajan L.
Milllp.i were undertaken in the Department of Agriculturel
Botany,%Colleqe of Horticulture, Vellanikkaraz, during
1983-86i One hundred and twelve genotypes of Red gram
exhibit#ng vwide diversity in the expression of various
economi% chsractera, obtained from the Regicnal Centre of
the Naticnal Buresu cf Plant Genetic Resources, Vellenikkars
and T&m$l Nadu Agricultural University, Colmbatore were
raised #uring the khariff season cf 1963~84 in a randomized
block d%siqn with two replicstions. Observations on
eleven ‘conomic characters were recorded from ten plants
per trettment. The data were subjected to suiteble
statiat#cal analyses for estimating the general variability
availabie in the material, for finding out the gsnetic
distanc%s among the genotypes and for grouping them into
clustexs according toc their genetic distances following

tne Mahalanobis® D2 statistic.

Based on both the inter and intracluster Adistances,
20 genorypes representing the brosad spectrum of varisbility

prasent in the material, and having diversified geographical




origin were selected and utilised in the second field
experimekt which was leid cut in a 20 x 4§ R.B.D. having

& plot aﬁze cf 5 m x 3.5 m centedning 5 rows of six

pvlants in esch row. Observetions vere rzeorded from the
middle t#elve plents ¢f cach plot lesving one row all
arcund fér avoiding border effect, The data were subjected
to suitable stetistical anslyses for estimating the
v&riabilhty aveilable in the selected genotypes, for working
out the heritsble porticn of the vearlsbility, for finding
cut the degree of associsticn of the different components
of yield with yield sither directly or indirectly end for
evolving & selection index for isolating superior genotypes

from among those tested,
The importent findings sre summarised below,

1. The 112 genotypes studied showed significent
differences for eight out ¢f eleven charscters studied,
viz., height of plant at harvest, number of rimary branches
~ at harvest, number of clusters per plant, nunber of pods

- per plent, length of pod besring branches, nunber cof days

- from wowing to 50 par cent flowering, 100 sead weight and

- seed yleld.




2. The genetic component of variaticn vas found

to cxccﬁd the environmental component in the case of

height of the plant &t harvest, number of days to 50 per cent
flowering, number of clusters per plant, seed yleld end
nunber lf pods per plent. Nunber of primery brenches at
hervest, length of pod bearing brsnches &nd 100 seed weight
were moderately in luenced by genstic csuses snd number of
seconda:y branches st harvest, nurber of days from sowing

to hurv#at and number of seeds per pod were hignly influenced

by environment.
|

3. Heritsbility in the broad sense was high
(over 5%50%) for five chareécters, moderately high (30% to 50%)
for three characters and low (below 30%) for rest three

charsacters.

4. The 112 genctypes fell intc five distinct

clusters besed on the genetic distances among them,

| 5. The intracluster distince was maximum in
cluster 11 and th=z clustexrs IV and V, constitute each one

qenotyp& viz. T19 and 113 respectively.

6. The interclustar distsnce was maximum between

clusters 1V end V ard minimun between clusters III and IV,

7. Genotypes of the same place of origin fell into




different clusters while those of diversified ori;in
fell into the same Suster.

8. Cluster II1I showed high mean vslues for many
of the desirable chsracters whlle cluster 1II showed low

dean v#luol for tha desireble sttributes.

| 9. The tvwenty seclected genotypes showed significant
differgnces with referance tc the sevan characters out of
clcVeniatndicd and the rest fcur did not satisfy the test

of significance.

310. The range of veriation for =1l the narameters

except number of days frxom sowing to harvest was falrly large.

11, Varisnce estimates showed that the totsal
variance in two out of eleven characters studied were due
to genetic causes 8nd in the rest nine, the genotypic

variance was highly influenced by fluctuating environment.

12. The values gstimated fcr phenotyric and
genotypic ccefficient of veriation showed that number of

clusters per plsnt, number of pods psr plant and seed yield
pon:o:s#d high estimates of over 20 per c¢ent, number of
aecundaxy brsnches at harvest and numb-r of days from sowing
to 50 per cent flowering showed moderate of 10 per cent to

20 per cent while the rest showed below 10 per cent.
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13. High heritability estimates of over 85%

were shown by number of days from sowing to S0 per cent
flouor*nq and number of days from sowing to harvest while
hcightiot plant at harvest, number of clusters per plant,

numbet¥of pods per plant and seed yield showed moderate
(30% to $50%) and the rest showed below 30 :rer cent.

14. Nurber of deys ¢ 50 per cent flowering shoved
moderate genotypic ccefficisnt of variation coupled with
hign heritebility vhils seed yield possessed high genotypic

coetfi#ient of variation together with moderate heritsbilicy.

15, Genetic advaznge estimated in absolute vzlues
was promising for all the cheracters except number of seeds

per po#.

' 16. The genetic gain estimate was maximum for
seed yleld (28.26%) and minimum for number of seeds er
pod (~0.59%). The other characters exhibited estimates of

genotiq gain in between the two extremes.

 17. Characters like number of days from sowing to
50 per cent flovwering (0.973) and seed yiald(0.484) exhibited
high or moderately hign estimates of heritability coupled

with high or moderztely high (382 genstic guain estimates,
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thereby iniicating the involvement of additive gene

effect, Hence these characters can be improved by

straight selection, Cherzcters like number of days from
sowing t@ harvest, height of plant at harvest etc. possessed
high or &oderately high estimetes of haritability tojgether
with 1ow§va1uas of genetic gain thereby suggesting the
action of non-sdditive genes including dominance and
iepiatasi#. Hence, strzight selection has limited scope

for improving these traits.

- 18, The ranking of the selected genotypes for
the difffzent economic traits revesled thzt the differ«nt
‘qonotypa# cerried superiority with regard to verious treits
squosti$g the possibility of combining the desirasble
attzibutL through effective combinstion breeding progremre

by aelec#ing genotipes from the available materieal.

19. Results of correlation studies have revealed
that pha#atypic and genctypic correlstion coefficients
for a number cf traeits were of comparable magnitudes.
Hawevwr,‘genotypic correlaticn coefficients were higher
than phenotypic correlation coefflcients in almost all the

= cages,

20. In nine out of ten cases, there has been

gaignificant positive correlation between the component




character and seed yield both in the phenotypic and
‘genotypic levels. However, the correlation of 100 seed

‘weight with seed yicld was not significant both at

prenotypic and genotypic levels.

21, Inter correlations studied have shown that
characters exhibiting significent association with seed
yield per plant were &lso highly intercorrelated, thereby

suggesting the possibhility of their simultsnecus improvement.

The 100 sezed weight was negatively correlated with six
othur yi@ld componeant characters, thereby, suggesting that
tne improvement cf 100 seed weight through selacticn was

pousible‘only at the expense of those six components.

22. Regults of path coefficlent analysis have
- brcught out that number of pods per plent, 100 seed weight,
nuber of primaxry branches at harvest, nunber of secundary

brenches at harvest, and length of pod bearing brenches had

%high positive direct effects on se2d yleld, in that order.
;Height of plant at harvest, number of clusters per plant,

nuitber cf days from sowing to 50 p:r cent flowering,

numb ¥y of days from sowing to harvest and numbsr of seads

- per pod had negative direct effects on seed yield and the

{highly positive correlation coefficients exhibited by them




fwith aeo? yield were compensated by their indirect

effects on seed yield through other treaits.

23, The residual effect was/0.07227 indicating
that ab?ut 93 per cent of the veriation in yleld was
contrib?ted by the ten components considered in path

coefficﬁent enslysis.

| 24. Madimum efficiency of selection indel over

directﬁnolection (9.8%) was observed when seven characters
wers 1$cluded. The selection index formulaoted with
charackern liks seed yield, number of pods per plant and
100 aqed weignt showed an efficiency of 8.4 peor cent over
direct selection end it included 57 per cent of the factors
determining the yield. Hence it is suggested for 1solating
superior genotypes.

|

|
on t#e index vuslue has revealed the supariority of the

2%, A comparison of different genotypes based

qenoéypca NBFGR 11 ~ EC«10046~1 and NBPGR 124~PLA~345-1

over others.
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APPERDIX - I

Mean values for the different characters in the 112 genotypes of red gram

———f”’“rkagiqht of Number of Number Number Rumber Length Rumber Number Rumber Hundred Seed

- plant at primary of of of pods of pod of days of days of seed ield
vautdLeg harvest branches secondary clu- per bearing from from seeds weight %q)
;j," {cm) at harvest branches sters plant branches sowing sowing per (g)

at har- per {cm) to 50% ¢o pod
vest plant flower- harvest
ing.
(x4) (xz) (x4) (x4) (xs) (xg) (x7) (xg) (xg) (x44) Y
/
v 319.90 16.50 39.95 82.00 349.80 165.50 103.00 181.50 4.50 5.25 41.00
‘6; 226.25 12.75 34.65 47.00 191.70 183.15 73.00 182.00 4.00 6.95 17.80
Vs, 325.25 18.30 93.30 210.95 411.60 208.00 103.00 182.00 4.00 6.45 66.00
v, 299.50 14.10 66 .00 146.20 711.57 177.00 102.00 181.00 4.00 6.05 69.40
VS 327.50 13.50 71.25 134.00 629.20 201.00 103.00 180.00 4.10 7.30 60.10
Vg 321.00 11.70 45.10 121.10 538.90 157.50 103.00 181.00 4.00 6.15 56.25
v, 296.50 8.90 54.60 162.70 780.97 181.50 102.00 182.00 4.00 6.80 78.40
Vg 306.50 12.60 52.85 109.20 483.00 172.00 103.00 181.00 4.00 7.20 51.30
Vg 319.00 12.00 73.30 181.00 925.15 178.00 102.00 180.00 4.00 6.25 100.10
V10 198.60 20.80 60.75 72.22 215.80 125.50 72.00 182.00 4.00 8.30 22.60
V11 129.00 13.20 27.80 29.50 101.30 73.00 72.00 182.00 4.20 6.95 6.80
V12 306.75 13.75 51.55 165.85 779.15 195.65 102.00 180.00 4.00 6.30 38.60
5 317.50 12.00 64.80 141.10 705.580 209.50 102.00 180.00 3.90 7.45 55.10
V14 325.00 9.70 27.10 71.10 359.50 184.50 102.50 180.00 3.90 6.80 48.20
v15 311.50 12.10 36.80 147.90 709.90 182.00 103.00 181.00 4.00 6.22 84.40
PR

(Contd.)




varie-  (x)) (x,) (x,) (x,) (xg) (xg) (x,) (xg)  (xg) ) ¥
V16 164.00 10.40 35.70 36.90 147.60 90.00 72.00 181.00 3.20 6.75 17.80
V17 324.00 8.10 31.90 75.80 365.00 218.50 102.00 182.00 4.30 9.70 90.65
V18 279.00 8.60 46.36 92.90 437.50 194.00 102.00 182.00 4.00 6.97 81.70
V19 212.50 12.70 37.00 83.80 335.20 139.00 73.00 182.00 4.00 7.25 60.40
Vzo 310.50 10.70 52.30 129.90 570.00 184.50 103.00 180.00 4.00 5.85 103.50
V21 313.50 9.70 36.15 81.10 422.00 197.00 103.00 180.00 4.00 6.65 66.10
V22 264.50 12.80 42.10 88.60 424.60 140.60 72.50 181.00 4.00 8.25 24.90
V23 253.00 9.40 30.30 71.20 356.00 171.00 72.00 182.00 4.00 9.55 93.20
V24 323.00 9.00 37.70 192.70 807.60 179.50 101.50 182.50 3.90 5.70 108.70
st 318.00 10.80 52.70 322.40 1481.55 183.00 102.00 181.50 3.80 5.70 92.53
V26 233.00 10.60 40.30 68.80 255.55 120.00 73.00 181.00 4.00 7.10 23.60
Vg 324.50 7.30 31.82 82.30 370.33 162.90 103.00 181.00 4.40 8.25 55.50
Vos 304.00 14.20 55.00 126.70 557.50 182.00 102.00 182.00 4.00 6.75 56.35
Voo 308.00 7.70 29.55 157.60 534.75 158.00 102.00 182.00 3.40 7.85 100.25
Va0 300.50 10.30 29.30 149.10 613.90 180.00 103.00 182.00 3.70 5.45 81.50
V31 242.50 10.00 34.05 71.00 256.40 142.00 72.00 186.00 3.60 7.48 64.90
V32 317.00 10.50 44.60 179.20 736.70 184.00 102.00 181.00 3.80 5.75 82.70
V33 162.50 6.80 18.70 9.85 34.80 105.00 73.00 186.00 3.35 7.70 8.50
Vs4 313.00 9.10 34.00 133.50 626.05 186.00 103.00 182.00 4.10 7.40 131.10
Vig 305.00 9.70 32.50 120.00 453.25 145.00 102.00 181.00 3.80 8.05 67.40
V36 185.50 9.80 26.50 28.20 106.30 111.50 72.00 181.00 3.90 8.35 10.60
V37 307.50 9.10 34.20 111.10 516.95 185.50 102.00 180.00 4.00 6.20 64.90
V38 217.00 12.20 43.80 64.00 286.00 129.00 71.00 182.00 4.00 7.35 37.20

(Contd.)



Varie- (xl) (xz) (x3) (x‘) (xs) (x_) (xv) {(x_.) (xg) (x

ties 6 8 10) ¥

V39 323.00 9.70 32.26 134.90 653.00 209.00 103.00 180.00 4.00 6.03 109.75
V4p 291.50 9.90 57.85 100.90 443.70 174.00 103.00 181.00 4.00 6.12 56.70
V41 203.00 1Cc.4C 36.70 66.70 315.90 103.50 73.00 182.00 4.00 9.15 29.30
V42 317.00 12.70 51.65 168.60 777.40 176.50 103.00 183,00 4.30 7.40 113.80
V43 320.00 10.30 34.55 145.20 652.85 183.00 101.00 181.00 4.00 7.05 77.60
V44 309.00 9.60 47.00 117.10 519.85 183.00 103.00 182.00 4.00 6.75 63.70
V45 310.00 10.30 42.10 117.10 547.30 189.00 103.00 182.50 3.80 5.85 72.70
V‘6 294.50 10.60 52.98 230.50 980.60 197.00 103.00 181.50 4.00 4.78 93.60
V47 316.50 10.30 34.53 110.50 521.35 177.50 102.00 182.50 4.00 6.90 50.10
V48 308.00 13.40 45.90 117.30 470.00 175.50 101.00 181.50 3.90 7.50 27.80
V49 331.50 12.10 30.23 219.40 1031.06 190.00 103.00 181.50 4.00 6.30 91.30
VSO 316.00 15.20 60.75 183.75 772.50 202.00 100.00 182.0C 4.00 7.15 86.10
v51 354.00 14.10 53.55 160.25 634.50 171.00 101.00 182.00 4.00 6.10 83.00
V52 297.50 10.90 31.35 80.75 315.85 144.00 102.00 181.50 3.90 7.90 35.70
V53 339.00 10.70 37.90 86.80 369,55 201.50 103.00 180.50 4.00 10.25 72.40
V54 295,50 12.00 39.85 209.80 868.85 157.50 102.00 182.00 3.90 8.55 132.00
v55 343.50 8.10 22.35 250.35 1003.00 177.50 103.00 181.00 4.00 6.65 126.85
V56 294.50 10.60 52.98 230.50 980.60 197.00 103.00 181.50 4.00 4.78 93.60
VS7 298.00 10.00 36.80 145.90 639.85 133.00 1Q3.00 180.00 3.90 7.57 64.0C
VSB 252.50 13.60 53.59 73.20 274.00 150.00 73.50 178.00 4.00 6.50 297.40
V59 304.00 8.20 35.14 136.20 612.85 217.50 102.00 180.00 4.10 7.10 102.9¢C
VSO 313.00 13.30 53.20 117.40 474.90 184.50 101.00 182.00 4.00 7.25 74.00

(Contd.)



\t’i;ie— (xl) (xz) (x3) (x4) (XS) (x6) (x7) (xe) (xg) (xlo Y

v6l 304.00 6.90 24.20 99,20 435.90 185,50 102.00 181.00 4.00 5.60 63.20
VGZ 311.00 5.70 27.50 118.60 502.05 210.00 102.00 182.00 4,00 7.25 92.80
V63 321.00 11.30 45,85 124.20 595.65 163.00 102.0C 181,00 4.00 7.45 47.60
V64 330.00 9.30 43.60 215.80 1017.70 181.50 102.00 182.00 4.90 6.35 118.60
V65 314.00 10.00 39.45 157.40 787.00 1£5.0C 102.00 181.00 4.00 6.85 70.30
V66 310.00 12.20 52.30 166.50 822.40 194.C0 101.00 181.00 4,00 7.25 11€.80
V67 321.00 9.00 35.60 126.40 562.60 158.00 163.090 131.020C 4.00 6.50 103.00
V68 292.50 10.60 55.85 10¢.10 44¢.70 167.50 1i02.00 181.00 4,00 5.97 51.10
ng 324.00 13.00 50.65 173.00C 842.35 147.20C 103.50 181.00 4.10 7.60 1182.50
V7O 177.00 8.10 27.20 3£.,20 147.60 9932000 73.00 120.00 4,00 6.87 32.65
V71 204.00 11.95 37.10 6l1.€5 209,25 90.05 72.50 123.00 4.00 6.60 31.95
V72 315.00 11.90 46,30 168.8C 767.85 180.00 102.50 120.00 4.00 5.45 gc.10
V73 312.G60 11.30 46.40 130.40 €653.45 171.090 101.0C 1281.00 4.00 5.95 78.40
V74 321.00 11.20 45.60 178,60 750.25 165.07 101.00 ie2.00 4.00 6.25 87.30
V75 210.00 12.60 38.85 80.20 300.15 114.0¢C 73.50 120.C0 4.00 6.25 31.80
V76 316.50 13.80 53.45 211.50 96(.€0 161.00 102.00 181.00 3.90 8.32 62.30
V77 317.C0 9.30 34.25 105.00 504.00 174.00 100.5¢C 181.00 4,00 7.05 86.40
V78 325.50 10.30 40.00C 167.30 76%.55 1€6.00 102.50 1€2.00 4.00 7.10 76.60
V79 246.00 10.00 31.40 44,00 171.5 1€1.40 72.50 18C.20 3.90 €.75 9.10
V80 327.00 13.40 50.90 172.10 722.5C igz.00 123.30C 1€1.20 4.00 7.25 107.30
V81 321.00 12.30 57.75 106.10 448,55 165.00 101.5¢0 183,00 4,00 6.87 71.10

(Contd.)



z:rie— (x,) (x,) (x,) (x,) (xg) (xg) (xq) (xg) (xg) (xlo) Y

es

Vaz 278.50 9.20 43.55 95.60 387.48 150.00 101.50 183.00 4.10 9.20 56.20
V83 213.00 10.10 29.34 69.90 300.70 114.00 72.50 180.00 4.00 7.55 35.00
VB4 312.00 12.60 286.40 137.20 582.30 187.50 105.00 180.00 4.10 7.20 97.00
V85 330.00 10.60 39.25 152.40 689.25 183.00 102.00 180.50 4.00 6.10 75.00
V86 322.00 11.20 44 .80 97.70 399.10 190.50 101.00 180.00 4.00 7.85% 89.90
V87 345.00 8.80 34.45 108.60 510.15 159.00 101.00 181.00 4.00 7.80 61.15
VBB 345.00 15.00 71.90 151.60 651.40 176.00 100.50 182.00 4.00 6.20 104.80
V89 325.25 7.90 34.85 111.20 520.35 188.75 100.50 183.00 3.90 5.95 46.90
v90 318.00 12.30 51.65 172.10 777.35 168.00 102.00 180.00 4.00 6.80 89.25
v91 304.50 11.30 41.75 109.20 439.45 147.00 104.50 180.00 4.00 8.87 116.70
V92 258.00 15.90 57.30 121.50 544.20 137.50 73.50 181.00 3.80 7.40 56.20
V93 199.10 9.40 24.95 25.90 102.55 118.30 72.00 182,00 4.10 9.10 13.50
V94 307.50 13.30 57.20 152.20 597.00 165.00 100.580 183.00 4.00 6.50 76.40
V95 281.40 15.20 74.25 64.80 273.05 194.20 72.50 180.00 4.00 6.75 29.60
V96 336.00 15.90 77.80 166.40 698.90 174.00 101.5%0 181.00 4.00 8.75 72.10
V97 231.00 15.90 64.65 109.10 449.60 151.50 73.00 183.00 3.80 7.10 22.10
V98 312.00 14.70 68.40 94.00 413.50 162.00 102.00 181.00 4.00 6.75 34.10
V99 334.00 13.20 55.50 160.80 794.30 210.50 102.00 181.00 4.00 7.93 73.00
leO 181.50 13.50 79.30 58.60 265.10 126.60 72.00 180.00 4.00 6.60 9.80
V101 321.00 10.40 48.30 111.40 547.05 174.00 105.00 181.00 4.00 6.95 70.40
V102 324.00 13.10 60.30 164.90 692.60 183.00 103.00 181.00 4.00 5.55 72.40
V103 274.60 13.70 104.95 83.70 304.75 163.30 101.00 180.00 4.00 6.55 27.60

(Contd.)



Varie-

ties (x,) (xz) ("3) (x‘) (xs) (=g) (x,) (xa) (xg) (x59) X
vﬁO‘ 330.00 14.80 77.95 154.30 709.80 183.00 100.00 181.50 4.00 7.60 89.90
v105 325.00 11.40 45.65 153.50 670.20 211.00 101.00 180.00 4.00 6.75 99.90
v106 321.75% 10.15 49.05 76.25 335.00 177.25 100.00 181.00 4.00 7.20 65.40
V107 318.00 12.50 §2.20 120.80 539.65 200.50 103.00 183.00 4.00 7.18 71.70
V108 319.00 10.40 $0.75 119.70 536.10 171.00 103.00 181.50 4.00 6.88 78.70
V109 309.00 12.40 53.60 100.80 475.05 178.50 102.00 181.50 4.90 8.25 84.00
v110 301.00 6.70 31.85 82.90 314.80 165.00 101.00 180.50 4.00 5.85 50.80
vlll 133.15 8.75 19.45 18.00 64.08 84.40 71.00 181.50 3.62 6.55 8.30
V112 159.90 13.05 26.20 59.585 310.48 131.80 72.00 183.00 4.00 5.95 30.45
c.n.”

0.05% 46.56 4.92 46.32 72.95 362.52 54.29 13,12 35.78 0.607 1.72 46.69
0.01 61.23 6.46 60.89 95.87 476 .46 70.91 17.27 47.03 0.798 2.257 61.36




APPENDIX-IX

2

D” valuse for 112 genotypes of Red Grem

) 2 3 Vs Vs Ve Va Vg \£) V1o Y1y V12 Via Via Vis

v, 0 3722.85 5972.72  5814.43 5798.37 6820.45 5938.67 5867.14 5750.17 3648.87 3667.33 5733.83 5711.27  §773.83 5898.77
v, 0 3506.72  3288.14 3309.70 3385.98 3544.98  3421.65 13282.37  21.96 34.46 3081.13 3066.86  13268.85 3529.70
vy 0 213.39  204.25  215.59  204.02  185.12 292.07 3704.44 3909.58  196.53  233.95 244.67  214.98
v, 0 3.52 6.73 13.32 4.66  11.41 3509.36 3694.34 6.01 7.52 10.96 5.76
Vg 0 5.48 17.98 4.74  12.56 13533.61 3729.58 7.43 7.64 B.46 7.23
Ve 0 17.04 4.26  12.02 3608.72 3802.23 15.39 14.95 6.20 5.77
v, 0 10.21  28.58 3792.08 3959.07 25.34 27.49 24.15 6.54
Vg 0 21.94 3649.11  3836.27 13.55 15.80 9.14 3.74
v 0  3505.29 3697.44 18.69 12.69 15.73 16.03
Yi0 0 32.62  3297.73  3291.35  3501.39 3763.61
vy, 0 3481,02  3474.45  3687.34  3952,19
Vi, 0 3.89 16.57 18.43
Vi3 0 9.54 19.75
Vi 0 12.95
Vg 0

Vi  3641.28 49.75 3839.67  3543.35 3577.36  3633.43 3806.20 3682.44 3579.81  61.10 57.07 3338.94  3312.55  3509.63 3751.98
Vi,  5836.94 3251.96 185.14 20.71 18.41 27.11 20.01 16.62  44.21 3497.51  3659.74 22.93 23.36 21.77 22.51
Vg 5839.26 3167.55 176.82 24.16 30.22 37.44 20.48 22.61  54.84 3410.20 3555.98 24.63 26.47 31.28 31.19
Vg  3726.85 7.16 3432.36  3197.72 3221.65 3289.34  3452,05 3331.79 3182.34  22.12 37.07 2996.74 283,00  3180.78  3435.13
V,o  5888.82  3417.66 173.43 8.30 10.01 10.04 5.53 3.64  27.27 3653.20 3830.29 17.51 19.61 14.94 5.64
V,;  5810.28  3288.93 224.56 7.29 6.53 9.08 14.48 5.86 19,07 3527.13 3703.28 13.23 8.72 3.34 9.13
vy,  3615.75 49.90 3597.52  3258.84 3274.73 3336.83  3532.75 3399.37 3211.06  55.79  103.81 3058.53 3034.24  3226.66 3496.67
V,y  3618.69 25.26 3715.80  3403.08 3421.7¢ 3489.90 3668.08 3544.08 3364.94  46.23 66.13  3198.57 3172.29  3370.27 3643.96

(Contd.)



1 2 3 4 5 6 7 Ve Vo Vio 1 V12 Via Vie Vis

.4 5895.65  3472.10 166.25 17.87 19,07 13.65 8.20 12,28 30.47 3708.47 3880.52 24.86 20,17 25.01 10.72
Voo  5925.43  3467.68 143.77 633.31  621.31  626.77  600.15  5§90.08 739.04 3685.41 3829.22  584.03  641.74 667.18 630,18
V,e  3671.57 21,86 3499.44  3232.10  3251.37  3312.47 3491.42  3365.278 3202.24  34.22 58.42 3030.67 3011.92  3203.44  3468.66
V,;  5£30.46  3388.13 213.60 16.82 11.85 .43 17.60 10.40  25.27 3625.22  379%.22 24.37 24.32 12.73 13.07
V,g  5858.68 3339.74 165.53 4.23 6.24 .74 12.49 2.27  27.37 3562.07 3747.51 9.41 14.92 15.13 7.41
Vg  5872.06 3416.79 152.78 45.62 47.57 33.85 34.42 32.54  63.58 3650.40 38130.54 50.07 51.26 40,20 39.13
Vi  5988.98  3643.54 159.07 25.16 29.08 23.57 8.87 13.53  50.80 3837.02 4066.14 36,48 43.01 32.46 14.16
Vy,  3875.64 45.20 2984.17  2743.09 2767.35  2821.03  2973.72  2864.11 2725.88  894.88  112.22 2560.47 2540.94  2716.63 2960.12
Vi,  5835.07 3325.02 157.10 12.75 13.32 10.85 12.51 9.10  27.14 3553.38 3737.82 14.36 18.05 18.06 12.00
Vay  3935.71 67.04 3084.19  2844.45 2881.47 2933.86 3060.06 2964.11 2845.83  122.39  101.07 2662.29 2642.55  2819.47  3065.60
Va,  5937.64 3587.74 206.19 15.16 16.15 13.90 4.78 8.97  28.45 3833.46 4009.56 30.80 31.10 20.20 4.84
Vys  5781.08  3238.85 181.96 15.80 16.09 7.80 22.83 10.73  26.46 3460.40  3641,51 18.13 18.37 11.25 17.80
Vie  3588.89 24.46 3791.27  3704.71 3731.89  3799.38  3974.07 3846.23 3685.13  31.65 20.80 3489.99 3470.32  3676.29 3959.08
Vy,  5738.80  3086.06 204.83 9.72 10.16 12.92 20.58 11.73  21.17 3315.77  3484.38 6.98 5.28 8.12 18.07
Vig  3595.35 20.28 3869.44  3584.41 3608.41 3677.24 3888.32 3728.41 3556.85  22.77 33.30  3373.70 3354.05  3560.06 3835.84
Vag  5836.85 3367.46 213.31 7.01 5.97 8.27 8.95 6.10  15.72 3607.37 3788.66 13.86 11.32 7.77 4.67
Veo  5884.10  3377.67 171.27 10.87 13.48 14.43 6.90 4.90  34.93 3615.42 3782.15 18.13 20.51 16.24 10.67
Ve, 3683.75 22.57 3544.99  3243.63 3268.89 3329.92 13500.98 3381.09 3213.58  38.22 46.78  3045.06 3025.34  3219.11 3481.92
Ve  6000.87 3768.21 201.64 22.39 22.90 21.71 12.77 16.16  37.82 4004.99  4195.55 42.06 49.30 39,24 8.99
Vo3  5711.18  3055.76 206.08 5.82 9.53 11.06 25.71 14.43  15.76 3277.01 3455.89 5.35 4.90 10.27 19.19
Vg  5939.96 3550.11 177.78 13.44 14.45 12.90 3.59 4.76  34.50 3793.78  3969.39 25.32 27.78 18.37 6.01
Vs  6004.90  3722.79 204.43 21.55 24.58 20.09 7.32 11.26  42.04 3972.56  4154.52 40.46 40.53 25.66 8.67

{Contd.)



46
47
48
49
50
51
52
53
54
55
56
Vg7
Y
59
60
61
62
63
64
65
66
67
68
69

70

1 2 3 4 5 6 7
5957.18 350¢€.62 127.53 31.89 36.54 40.49 13.80
£887.82 3461,8€ 204.79 6.65 7.59 4.98 6.15
5737.09 3066.96 168.69 10.50 11.24 13.55 29.90
5983.71 360%.18 109.39 $88.32 571.46 577.62 557.89
5691.75 2921.26 155.46 20.00 21.05 31.53 44 .41
5822.57 3441.54 190,23 18.25 12.48 6.62 32.74
5503.04 3257.14 188,12 10.27 11.58 6,03 19.80
5767.64 3257.47 203.69 12.20 5.55 6.85 26.23
5842.65 3342,21 158,46 14.54 18.%2 14.46 14.67
5972.69 3701,35 209.17 775.23 753.92 574.78 734.73
6066.83 3850,93 147.65 37.93 37.33 35,77 16.44
5809.06 3377.02 225,32 11,89 13.34 3.37 17,35
3609.68 84.36 3630.79 3320.97 3336.1% 3398.89 359%.16
5711.10 2932.40 178.64 28.35% 28.99 40.47 36.08
5768.94 3120.71 157.44 9.11 9.16 13.58 24.82
5813.21 3199,50 180.04 16.97 18.41 19.44 14.36
5839.7¢ 3220.09 160.61 29.05 29.90 33,95 18.56
5783.68 3303.85 237.86 5.36 4.47 1.55 18.91
$935.98 3477.77 120.87 586.58 570.73 575.09 554.92
5885.49 3571.77 262.49 12,17 13.68 7.18 11.19
5711.56 3058.17 239.56 7.33 10.21 15.04 26.72
5904.07 3607.13 227.17 17.15 15.93 6.20 12.34
5806.52 3181,.45 iss.08 11.02 13.36 15.30 16.03
5932.87 3814.76 300.98 33.a1 32.43 21.39 35.52
3628.58 24.68 3816.48 3541.83 3%69.20 36832.83 3801.41




Ve Vo Vio Y1 Vi2 Via Vi Vis
26.86 61.37 3746.11  3914.06 34,99 48.23 £5.41 26.62
1.96 20.75 3699.29 3880.04 17,05 17.39 8.51 2,50
11.48 28,81 3279.42 3463.70 7.34 9.82 13,54 21.68
537,12 700.68 3797.38 3981.99 548.67 603.97 613.75 587.89
28.09 3v.46 3126,27 3311.61 7.65 15.33 34.50 38,06
13.91 22.24 3653.63 3870.7¢ 25.68 28.67 20.11 15.25
5.15 26.69 3479.47 3657.68 14.73 15.50 7.15 13.59
8.14 20.61 3485.72  3680.321 14.74 10.89 3.55 14,06
13.52 28,22 3562,23  3743.58 18.50 25.90 27.85 13.85
716.23 890.04 3892.47 4071.84 727.94 787.33 796.02 772.11
21.49 69.69 4098.71 4286.68 54.50 64.10 50.30 20.67
10.00 13.08 3600.45 3784.39 20,01 19.47 11.08 10.0%
3459.18  3273.85 85.82 135.05 3130,30 3100.20 3286.32 3555,97
32,87 48,57 316%,69 3319,92 17.01 18,72 32,89 41.64
8.88 30.37 3337.,15  3520.32 7.00 10.96 14,87 18,64
12.90 37.08 3440.99 3598.54 16.82 17.06 15.50 19.75
23.27 54.03 3469.54 3621.95 27.26 28.73 29.90 29.99
6.86 6.87 3528.29 3718,31 11.35 8.73 4,07 7.63
537.60 693.28 3673.15 3845.17 545.37 596.58 607.94 589.09
11.79 10.54 3809,22 3996.18 27.15 24.76 15.12 4.30
18.41 9.64 3278.66 3457.32 5.95 3.59 14.15 18.93
9.54 20.70 23844.83  4033.35 32.99 31,74 14.60 5.85
8.18 34.63 3407.77 3574.87 10,83 14.75 16.45 17.84
31.31 23.65 4042.73  4252.84 58,41 56.42 38.56 18.46
3680.57  3519.01 18.59 23,06 3333.83 3314,19 3514.29 3789.26

(Contd,)



V} V2 ‘13 V4 V5 V6 V7 VB V9 le ‘111 V12 V]3 V“ vlS
Vo 3757.58 21.40 3322.02 3076.71 3102.10 3160.04 3327.13 3206.43 3058.66 34.17 49.17 2832,78 286,11 30%6.77 3309.32
Vaz 5816.02 3340.59 201.42 3.80 4.03 3.54 11.33 5.03 10,18 3565.17 3754.35 9.38 10,70 10,32 4.06
Vo, 5739.60 3157.45% 250,25 5.14 7.22 6.92 22.67 11.97 5.91 3379.8% 3560.63 8.3% 4,52 6.11 12.9
Vaa £804.91 3286.09 17€.19 9.11 9.34 5.89 15.38 8,67 17.58 3506,.58 3693.39 11,44 15.84a 15,95 10.54
Vag 3671.93 15.45 3534.05 3284.84 3307.03 3371,19 3546.75 3420.02 3261.85 20.87 40.77 3081.11 3066.33 3263.29 3525.12
Va6 5764 .26 3346.91 232.87 10.80 11,90 7.33 25.43 1¢.25 6.8: 3560.12 3761.79 16.38 17.90 19.34 12,29
Vag 5671 .89 29381.23 245.84 15.41 15.65 5.80 36.06 21.72 16.76 3203.17 3376.39 12.36 6.65 9.25 27.47
Vas 5601.19 3539.89 204.06 9.50 9.35 6.27 5.25 5.88 17.74 3777.68 3v65.67 20.20 21.93 15.34 1.84
Vag 3593.25 19.08 3791.27 3518.04 3535.32 3604.14 3788.0¢ 3055.86 348d.92 32.31 52.70 3305.59 3282.59 3482.52 3764.37
Vao 5886.98 3529.97 173.19 11.25 8.78 6.65 14.17 6.04 22.81 3754.06 3956.74 21.38 25.99 19.43 4.95
Va1 5826.97 3352.26 194.15 5.82 4.75 1.62 16.10 2.25 17.32 3574.57 3766.24 14.23 14,23 6.46 6.5¢
Vaa 5812.80 3154.51 162.05 17.93 22.67 23.32 19.03 14,78 44.46 3383.37 3536.10 17.98 23.03 24.19 25.08
V83 3583.09 28.47 3842.96 3549.73 3572.08 3636.48 3819.86 3691.65 3515.65 33.67 43.08 3339.56 3318.72 3520.40 3797.42
Vas 5973.42 3747.18 220.15 58,24 54.34 59,90 48.87 50.48 72.43 3985.07 4178.67 80.97 76.64 73,31 55.15
Vs 5788.50 3298.93 210.60 6.34 4,22 2.44 15.17 6.74 9.45 3525.47 3715.90 9.78 9,13 6.70 7.01
Vae 5636.23 2872.47 202.25 23.51 20.43 25.77 50.41 27.88 33.61 3085,51 3265.73 13,96 11.41 18.23 40,22
Vg9 5705.99 3219,.26 284.64 23.62 18.85 10.48 43.10 25.64 11.34 3441.64 3636.55 27.°4 19,36 Q.92 26.43
Vag 5779.04 3321.91 215.76 11.36 7.91 5.62 32.91 13,02 12.51 3531,%9 3744.15 18.5% 18.07 14.%0 14,31
Vao 5818.16 3259.47 207.56 10.27 11.50 9.67 11.51 8.38 22.05 3499.44 3670.46 13.37 10.67 7.22 11.79
Vg0 5745.75 3219.60 220.46 7.01 6.34 4.71 23.54 11.63 6.53 3435.30 3628.14 8,96 8,99 10.94 12.03
Vg3 5110.01 3625.43 203.47 19.09 17.25 8.37 17.66 8.71 29.08 3854.79 4048.37 37.01 37.13 18.18 8.44
Vg2 3708.19 61.00 3280.48 2960.01 2477.87 3036.30 3225.77 3095.77 2916.41 66.68 131.03 2770.35 2748.78 2935.01 3188.52
Vga 3618.87 16.65 3851.05 3587.46 3612.05 3680.71 3852.56 3726.80 35@8.29 28.59 20.01 3375.80 3357.59 3560.56 3837.44




1 2 3 4 5 6 7
Voa 5815.51 3216.61 138.62 10.89 12,98 13.55 19.69
Vgg 3598.08 15.64 3933.04 3712.03 3733.46 3818.73 3989.68
Vae 5727.30 3207 .44 203.38 13.16 8,381 Y.29 40.22
Vg9 3780.07 18.90 3216.73 2978.56 3001.49 3067.59 3232.46
Vgg 5862.¢7 3429.95 196.85 6.03 6,05 4.67 18.63
Vo9 5772.97 3266.15 235.44 4.31 2.59 7.54 21.33
V00 3568,.89 27.04 4054.76 3792.31 3819.60 3896.06 4070.82
Viol 6050.58 3990.87 259.17 38,09 36.49 27.75 22.50
Vio2 5917.37 3568.47 163.82: 11.60 9.82 8.35 10.64
Vios 5670.16 2805,09 163.41 35.86 39,30 39.67 61.07
Vios 5660.08 2999.,09 237.34 13.48 12.35 16.38 46.01
Vios 5683.87 2890 ,43 190.76 20.27 18.35 27.07 42.76
Vioe 5622.92 2846 .43 233.40 25.15% 23.40 26.29 53.46
Vio7 5998.47 3688.36 173.05 18.77 19.23 20.33 9.36
Vo8 5921.98 3598.59 205.88 11,91 11.10 5.69 7.66
Vio09 5763.14 3125.82 198.23 34.30 30.84 45.09 50.76
Vii0 5694.12 227,94 185.57 29.68 30.15 30.63 39.57
Vi 3599,.99 54.90 4171.61 3919.02 3956.47 4022.97 4183.86
Viia 3737.42 14.71 3667.04 3426.97 3461.54 3536.55 3681.57




o Vg Vio Vi1 Viz Vis Vig Vis
9.01 33.53 3431.58 3613.v1 10.93 16,99 22.45 16.93
3856.52 3703.06  18.25 30.41  3491.71 3476.39 36v5.89  3971.07
lo.80 15.26 3409.42 36022.65 13.46 15.49 18,23 21 .24
3110.53  296..26  32.33 71.74  2733.46 2770.28 2964.83  3210.76
2.12 22.64 3649.38  3845.85 16.91 18.90 10.86 7.06
30.19 6.28 3490.82  3657.94 7.09 5.10 9.00 a.01
3940.28 3774.92  23.40 18,79  3574.29 3557.29 3775.21 4054 .45
24.82 47.20 4242.06 4439.51 66.49 64.66 39.14 16.33
4.77 27.88 3796.29  3995.09 21.91 27.84 21.45 4.87
40.22 66.23 3010.53 3172,69 23.58 28.19 44.49 61.44
24.24 12.70 3203.08 3401.61 9,93 7.7 17.41 29.22
27.61 30.38 3106.74 3286.23 8.36 B.68 22.61 36.27
30.98 31.26 3061.17 3236.33 16.91 11.37 16.46 43.29
8.66 45.02 3930.83 4119.18 34.71 39.36 28.65 8.40
4.15 22.93 3836.29 4024.87 27.48 27.19 13.36 2.76
38.00 55.70 3343.52 3510,03 31.96 41.75 50.30 45.27
28.69 46.97 3155.23  3309.71 20.74 20.09 23.37 42.45
4063.19  3910.99  63.37 21.65 3700.82 3681.96 3394.45 4180.72
3568.20  3427.07 3 32.43 11.84  3220.68 3209.87 3420.11 3675.46




Vie 17 Vig V1o Va0 Va1 Va2 Vas
~ 16 o 3516.88  3428.72 41.61 3681.19 5544.05 62.85 43,13
< 17 ) 8.68 3174.14 10.75 9.89  3262.17 3380,13
v 18 0  3090.35 14.15 16.84  3196.11  3306.21
V19 ) 3327.52 3204.35 32.82 17.34
V20 o 7.58  3407.93  3541,13
V21 0 3267.13  3401.63
M "22 0 14.97
3 Vo, 0
3 Vg
3 Vs
3 Vae
’ 35 V,q
: 4° Vag
s 41 Voo
3 vy,
7
¥ Vi
® #% v,,  3574.55 23.22 23.28  3232.02 6.34 15,25  3304.94 3442.87
P g Vi3 62.56 2812.40 2704.49 60.94 2952.25  2837.88 139.34  102.55
0 s Vi4  3856.78 16.25 25.48  3492.90 4.12 12.16  3568.43  3703.84
e Vg 3469.27 28.12 28.68  3143.34 12.08 14.11  3205.47 3346.85
> A 21.69 3677.32 3582.70 23.95  3843.82 3704.56 50.64 23.14
Vyp 33332 11.78 13.72  3000.97 11.42 5.24  3067.09 3196.51
Vag 30,22 3567.28  3482.61 15.03  3728.25 13890.51 24.92 9.53




2 25 26 27 Van V20 V30 Va1
3727.87  3795.24 38.66  3657.60 3606.72 3616.92 3899.82  65.72
25.88  565.38  3217.03 13.87 14.78 52,60  30.88  2723.74
28.83  533.36  3139.83 30.22 17.35  43.58  27.33  2640.81
3374.46  3393.92 8.47 3295.45 3253.07 3319.36 3551.37  29.88
6.43  557.11 3366.48 11.71 4.26  26.20 8.66 2857.53
20.42  641.03  3236.28 10.07 8.87  41.10  24.59  2743.76
3449.62  3626.60 12.82  3354.40 3330.42  3402.01 3643.41 60.15
3587.95  3704.16 19.67  3495.49 3470.22 3535.53  3979.39  54.56
0 518.55 4408.26  18.52  14.21  15.98 8.63  2896.28
0 3470.20  610.75  558.42  456.60  525.19  2968.59
0 3321.01  3292.93  3349.19  3593.31 34.24
0 16.72  46.55  30.92 2834.89
0 36.10  15.43  2794.16
0 17.34  2920.21
0 3057.41

0
3.09  505.19  3264.99 19,35 9.27  13.47 11.61  2764.71
2999.06  3049.35 79.73  2942.39  2890.80 2°17.58 3142.07  29.50
9.23  612.09  3530.56 11.72 13.34  36.46 11.46  3012.36
11.77  536.52 3167.88  16.48 14.34 14.26  21.73  2679.01
3895.64 3908.81  24.88 3803.87 3765.76 3826.27 4080.83  84.06
19.67  580.71 3032.06 13.65 11.53  35.83  31.89  2555.90
3777.95 3837.58  12.54 3686.33  3649.09 3720.65 3968.10 70.22

(Contd.)



16 Vi7 18 Vig Va0 Va1 Va2 Va3 Vaa V2o Ve Va7 Vo V2o Vio Vi
Vey  3548.11 26.76 36.64 3209.46 13.25 7.17  3251.63  3403.20 18.29  659.19  3231.45 10.8¢ 11.92 41.40 30.82  2747.90
Ve, 3513.03  503.78  481.43 3407.72 505.41  582.34  3636.89 3711.88  478.32 12.13  3481.54  549.86  510.26  417.43  480.32 2976.27
Ves  3919.27 36.78 47.42 3470.59 15.39 15.52  3515.15  3669.98 15.95  702.10 3494.72 15.65 19,99 46.03 24.45  2989.44
Ve  3304.01 23.84 27.68 2968.08 18.63 11.95  3021.62 3186.93 26.37  644.35  2999.24 23.66 16.72 531.6) 45.27 2527.48
Veq  3856.74 31.21 43.45 13505.11 10.40 15.16  3558.59 3708.48 19.60  639.86 3529.66 10.93 18.83 31.06 16.95  3017.64
Vgg  3436.06 11.15 8.09 3096.59 6.60 9.90  3181.42 3310.34 15.74  513.10 3134.55 15.92 5.83 27.32 19,68  2645.63
Veo  4068.21 71.58 92.83 3702.18 38.67 42.76  3729.68  3901.25 37.39  775.98  3720.99 35.19 43.80 75.57 47.7°  3209.05
Va0 23,11  3514.02 3421.61  17.77  3676.20 3541.40 44.62 29.24 3725.03  3759.76 17.07 3633.40 3603.58 3359.43  3909.70 66.32
Vo 42.17 1060.86 2977.33 5.83  3204.96 3084.49 31.67 26.86 3248.69  3291.45 7.35  3168.37 3132.34 3189.72  3423,59 20.80
V,,  3595.63 21.13 28.67 3245.14 6.21 8.57  3302.42  3447.35 8.29  598.52 3275.13 11.43 7.12 32.72 20.45  2784.27
Vi, 339,61 24.59 30.76 3064.70 15.67 7.46  3110.55 3253.81 23.26  669.22 3089.91 15.57 14.29 47.66 39.05 2614.55
Voe  3537.44 24.81 30.11 3188.98 8.31 15.24  3280.22 3394.56 5.60  540.13  3217.41 13.56 9.63 24.29 20.96  2729.22
Vas 35.93  3270.12 3187.93 4.05  3420.58  3292.82 20.38 14.05 3464.78  3494.58 2.54 3380.45 3343.89 3406.18  3647.82 29.67
Ve  3587.08 47.28 55.56 3243.40 21.74 23.53  3281.13  3440.23 17.74  641.10 3265.19 25.25 20.21 42.96 36.23  2781.62
Voq  3214.42 24.37 29.47 2892.05 23.38 11.62  2940.49  3074.46 31.65  636.30  2915.45 20.04 23.17 47.97 51.63  2452.44
V,g  3801.85 23.84 33.00 3443.86 5.88 12.15  3540.76  3652.02 5.35  607.58 3474.67 11.99 10.20 31.61 12.01  2965.20
o 32.55 3494.35 3414.90  17.91  3657.20 3515.85 20.87 7.39  3704.61  3753.65 10.00  3611.83 3579.89 3640.48  3892.56 62.72
Vgo  3798.13 28.38 39.92 3432.53 7.57 17.31  3494.29  3644.86 7.63  565.47  3464.29 15.82 9.03 30.89 14.86  2958.59
Vg;  3604.84 19.88 28.41 3259.23 6.00 6.88  3316.98  3463.60 12.97  596.32 3287.18 9.43 5.59 30.78 20,01 2793.00
Vg,  3408.70 11.30 5.83 3069.33 10.42 18,19  3163.45 3285.80 19.83  506.54 3110.04 18,42 11.72 32.65 24.63  2621.68
Vas 30.10 3534.23 3451.46  17.87  3692.19  3553.69 19.78 8.40 3736.93  3804.74 8.84 3644.18 3616.10 3676.90  3930.21 63.80
Vpe  4016.29 71.44 75.85 3562.22 48.95 63.30  3726.52 3871.36 59.50  637.60 3886.12 62.64 56.76 83.17 55,03 3164.01
Vgs  3550.16 22.26 32.31 3204.56 9.43 7.95  3253.64 3400.48 10.54  606.36  3229.19 9.70 10.32 32.51 25.25  2743.6!

(Contd.,)

e e s



Vie Y19 Vis Vie V20 Va1 Va2 Va3 Vae Vas Va6 Vo Ve Va9 V3o Y31
Vge  3116.78 25.61 30.26 2789.54 29.56 19.29  2847.81  2976.77 40.23  562.36 2316.97 29.33 25 .49 50.66 59.76  2362.0¢
Vgy  3446.50 16.71 62.86 3119.71 33.57 20.80  3139.01  3294.98 34.68  705.38 3328.17 20.10 35.26 52,89 57.59  2658.99
Vgg  3574.58 38.81 5§3.86 3223.74 19.50 10.48  3261.43  3418.61 22.92  631.66  3245.7° 21.17 16.41 46.48 39.26  2762.49
Vgo  3505.06 13.41 15.48 3172.63 6.90 4.89  3238,90 3372.50 11.64  591.45 3202,95 12.53 10.33 26.40 18.73  2706.12
Voo  3463.69 31.29 39.92 3121.88 15.82 13,67  3165.40 3315.38 16.57  617.64 3144.85 15.78 14.36 39,62 35,70 2670.03
Vo;  3879.33 32.78 44.49 3523.77 11.04 17.91  3584.37  3734.45 14.72  610.71 13551.51 13.84 17.23 31.45 16.83  3037.33
Vg, 77.12  2074.48  2907.16  37.54  3104.34  2974.40 16.64 34.71  3142.88  3323.65 22.35  3062.85 3028.23  3093.84 332618 39.82
Vga 31.17  3555.36  3467.38  15.55  3723.81 3586.91 42.61 16.98 3775.90 3797.98 17.41  3679.93  3647.23 3715.15  3¢61.40 72.01
Vo,  3476.72 19.57 19.40 3126.75 7.77 17.51  3207.59  3344.04 11.30  386.32 3164.53 20.12 5.08 26.20 20.00  2674.66
Vos 56.63 3679.67 3690.68  28.44  3854.04 3717.12 65.35 34.26  3912.83  3677.07 42,20 3824.04 3768.27 3856.07 4095.49  102.58
Vog  3459.26 43.52 56.20 3111.45 25.70 23.87  3146.23  3306.90 28.10  602.44 3132.34 25.96 18.29 49.92 47.47  2663.14
Vgq 54.99 2971.80 2889.97 9.64  3111.57 2991.59 31.44 33.12  3155.52 3207.78 15.57 3085.78 3033.70 3101.30  3325.53 18.70
Vog  3668.68 25.57 33.38 3339.38 9.63 10.30  33v8.84 3551.11 20.68  620.45 3370.13 15.53 4.72 41,92 21.34  2870.91
Vg  3224.78 25.64 37.00 3176.49 15.47 9.01  3220.16 3368.52 22.09  664.10 3204.06 18.30 11.83 52.82 36.10  2722.56
V100 36.62 3771.14 3675.56  30.05  3939.45  3800.38 58.07 31.69  3995.51  4001.99 35.76 3903.39 3855.24 3935.38 4182.81  106.21
Vigy 4258.82 55.06 70.94 3890.38 28.46 36.19  3947.65 4108.17 32.62  719.69 3919.97 33.29 37.03 61.66 24.22  3378.47
Vioy 3839.90 26.95 35.98 3473.74 6.43 17.57  3541.94  3692.04 7.19  $53.77  3507.72 16.46 7.13 30.14 10.27  2996.52
Vips 3052.29 35.45 24.14  2729.85 41.05 37.66  2820.29 2940.62 58.42  496.34 2770.38 52.34 30.89 64.20 67.04 2312,99
Vioe 3241.39 39.68 48.29 2907.47 30.66 21.75  2944.54  3092.91 38.03  643.72  2930.15 31.0n 23.32 61.58 61.20 2473.11
Vies 3143.45 23.64 26.75 2807.70 26.48 20.36  2870.99 2998.18 33.06  542.18  2839.60 30.98 22.67 49.59 54.54 2381.80
Vios 3080.07 29.96 33.98 2762.82 34.19 19.72  2813.58  2944.60 46.09  608.70 2785.99 30.30 30.28 56.55 66.38  2333.68
Vigy 3970.83 22.38 29.39  3600.71 7.47 18.91  13686.02 3826.50 16.01  $82.26 3644.36 23.38 10.17 41,03 7.30  3113.58
Vigs 3857.58 23.69 33.59 3502.37 5.44 10.15  3564.82 3712.40 9.35  619.22 3532.38 10.42 10.68 31.00 10.77  3017.45
Vige 3435.68 21.98 39.67 3043.09 37.55  37.12  3122.55 3251.15 $5.96  586.80 3085.05 26.64 32.51  105.41 75.45 2628.48
Viio 3165.75 20.28 16.47 2845.24 25.37 20.87  2923.28  3043.03 32.47  513.86 2875.82 26.19 26.88 35.91 46.72  2408.16
¥ 26.11  3886.89 3771.53  SB.71  4055.04 3717.96 13.46 67.50 4109.47 4074.43 70.07 4028.81 3977.58  4025.48 4287.15  124.58
Viia 46.97  3394.12 3293.76  19.51  3459.98  3434.08 83.12 47.00 3617.90 3623.92 44.62  3532.00 3481.06 3564.97 3787.10 70.05




V32 Vi3 Vg Vis Vie AEY) Vig

Vas 0 2865.83 14.86 5.71  3741.77 11.41  3627.06
Vi, 0 3111.66  2773.32 94.74 2648.33  104.39
o 0 22,03  4020.46 21.81  3900.73
Vag o 3639.10 9.35  3527.96
Vag 0 3437.41 6.54
Vaq 0 3377.78
Vag o
Vas
Y40
Va1
Va2
Va3
Vaa
Vas
Vae
Va7
Vaa 10.69  2637.48 28.88 8.15  3471.62 5.59 3359.58
Vas 471.00  3187.57  558.30  497.64 4063.98  540.70 3988.90
Veo 20.26  2520.71 47.84 25.25 3326.84 15,02 3212.76
Ve, 15.64  3005.92 25.38 15.51  3863.37 28.39  3732.97
Ve, 9.56  2797.40 19.02 3.21  3663.02 7.38  3552.43
Vo3 13.86  2825.28 19.29 10.08 3671.88 7.89  3553.76
Veq 3.72  2883.84 15,71 10.31  3756.72 17.81  3639.78

630.64  3284.21  733.66  656.92 4151.35  711.65 4083.25




39 Veo Va1 Va2 Va3 Vu Vas Vae Va7
9.70 9.76  3284.14 27.62 10.54 10.21 19.66 16.20 a.78
2915.93 2906.98 67.76 3299.42 2629.36 3070.51 3220.94 3034.74 2993.69
5.89 9.24  3543.32 7.94 26.14 3.94 7.28 22.35 5.59
14.24 13.49  3186.89 40.21 8.69 17.03 28.20 36.56 12,34
3789,50 3800, 1° 21.43  4216.62 3454.13  3983,29  4164.68  3°45.67  3A86.57
7.97 10.55  3045.87 43.29 2.36 18,34 13,42 36. 66 12,15
3570.90 3691.0% 10.99 4087.19 3339.47 3868,50 4047.13 3R33,21 3768.81
0 8.03  3325.94 19.74 10.38 7.85 14.87 26.24 4.33

0 3344.51 22.7 17.76 3.00 11.51 18.12 5.2¢
0 3723.09  3009.82 3513.52  3683.7¢ - 3482.49  3417.75
0 44.47 12.46 14.34 25.87 14.68
) 24.41 40.62 40.07 15.50
) 4.13 16.44 3.00
) 25.88 7.62
) 26.41

o
14.84 14.25  3032.59 45.79 5.10 22.89 37.94 38.36 16.70
571.03  501.19  3680.47  567.32  543.25  516.04  563.45  423.25  562.96
28.65 29.77  2896.6% 61.37 11.00 41.28 62.50 39.76 35.01
20.03 30.37  3387.66 26.24 20.75 25.24 33.05 47,77 17.22
11.96 7.97  3211.17 34.86 9.76 12.42 22,51 37.59 7.23
7.08 15.42  3216.81 35.60 8.57 17.40 28,43 47.71 10.29
14.52 14.99  3294.94 23.78 14.78 15.23 25.73 15.05 15.16
748.77  673.53 3778.05  748.67  711.69  6B9.64  745.41  581.00  742.94

(Contd.)



26.98
10.133
3360,90
24.19
$.78
10.50
15.16
13.75
466.21
10.88
18.45
15.09
8.13
45.78
3577.14
3109.77
6.03
l6.85
3.20
3319.53

14.89
21.63
8.26

3357.70
2%911.32
169.50
2511.78
2691.28
2739.86
2758.21
2859.13
3057.69
3099,24
2634.99
3128.61
2730.11
3343.25
77.83
51.94
2895.26
2720.20
2840.51
78.43

2905.75
2554.67
3073.41

\Y

34 a5 36

16.33 43.13 4310.75
17.26 5.84 3779.70
3610.37 32565.98 84.56
39.33 28.65 3334.94
23,93 10.37 3533.20
16.58 11,77 3609.49
21.29 22.11 3637.09
17.67 10.37 3712.14
555.75 489.40 3921.93
10.77 22.06 3992.03
27.41 19.41 3458.29
6.21 14.92 4029.45
19.26 8.99 3592.10
26.95 47.39 4244.55
3846.27 3475.34 3.86
3367.42 3015.60 34.33
10.08 9.50 3756.92
22.25 13.14 3557.23
15.61 5.87 3697.26
3587.69 3224.32 18.74
25.63 16.45 3755.47
34,13 13.47 3369.10

5.06 15.49 39868.57

Viq

52.07
15.08
3123.45
.39
5.86
4.61
12,96
9.80
530.82
24.94
6.70
24.62
5.19
£9.74
3327.83
2884,00
9.41
6.24
10.61
3086.07

22.56
4.37
18,49

v38

4191.78
3661.38
55.30
3231.83
3420.47
3504.86
3534.84
3590.46
3850.80
3866.29
3339.61
3906.44
3485.07
4105.57
8.44
24.39
3635.16
343u.05
3577.75

9.14

3627.32
3256.18
3845.54

Vig
30.20
12.52

3390.66

23.16
12.59
9.92
16.38
7.63
566.56
10,42
10,95
9.89
12,31
33.09

3623.12

13159.15

3.87

8.74

9.89

3368.55

16.68
15.53
5.53




20,34
17.64
3434.65
22.12
10.27
4.96
9.79
16.82
447.40
21.38
23.09
16.90
3.70
51.69
3633.93
3169.07
11.79
1v.16
13.63

3384.56

30.59
25.18
11,40

3825.70°

3310.49
56.61
2910.96
3091.37
3166.60
3197.38
3246.78
3546.04
3506.47
3010.38
3546.06
3149.26
1735.64
11.02
7.09
3290,92
3101.69
3236.04
4.56

3481.91
2929.23
3490.45

Va2 Va3 Vaa
13.49 58.233 10.21
28.32 12.66 16.8¢
3794.17  3079.60  3600.46
65.69 13.77 35.17
37.57 6.57 17.77
39.02 11.04 11.12
45.58 20.99 15.78
26.22 7.93 17.13
572.85  533.46  515.44
15.55 24.15 14.46
43.92 4.13 29.87
13.77 25.02 9.76
35.60 9.85 11.27
20.01 54.25 37.87
4039.06 3295.40 3812.93
3540.16  2848.81  3334.78
18.23 7.27 11.16
37.45 4.43 23.47
24.29 6.71 14.10
3764.67 3048.23  3554.85
29.43 14.48 28.07
58.48 3.12 34.31
9.80 18.44 5.44

45

9.34
24 .4¢€
3769.%4
57.43
32.78
24 .54
30.18
25 .44
566.03
15,80
43,.6%
11,0%
25.60
34,03
3991,92
8502.43
19.96
34.34
26.13

3728,59

35.63
580.73

9,39

Ve Va1
17.23 20.35
40.06 9.62
3583.77 3501.28
36.76 33,97
30.93 13.72
24,58 11,22
20.01 20.79
45.92 6.7
423,25 561.63
41,01 7.62
45,95 19,31
37,96 6.66
22.37 10,82
71.87 28.69
3775.77 3718.80
3298.64 3244.79
26.75 5.70
49.51 11.78
23,81 9.66
3516.01  3461,03
44;39 17.54
60.73 22.06
21.67 3.23

{(Cont~,)



V32 Vas Vs Vis Vie Viq Vi
Voo  3552.94 102.43  3828.65  3453.62 11.87 3306.03 5.66
Veo 8.27  13078.06 9.45 14.80  3961.93 22.72  3835.97
Va1 9.12  2901.44 12.23 6.86 3768.64 10.42  3648.77
Vg, 14.45  2697.03 22.65 14.20  3560.75 8.60 3457.97
Vg3  3587.67 106.46 3861.57 3485.89 8.99  3340.45 2.74
Vaqe 62.09  3267.62 51.88 71.95  418d.11 76.93  4063.77
Vgs 7.11  2857.68 14.04 7.61  3710.75 7.85  3589,37
Vg6 25.16  2466.83 46,92 17.40  3262.93 7.88  3152.76
Vgq 29.09  2783.74 37.18 17.39  3611.03 20,44  3487.37
Vas 17.99  2894.45 25.76 16,20 3736.71 21.67 3606.56
Vao 8.04  2796.80 13.99 8.62 3670.25 4.63  3558.44
Yoo 11.15  2788.35 22.28 9.89  3823.35 10.41  3500.42
Vo, 17.27  3150.38 8.61 15.63  4050.98 28.34  3929.08
Ve,  3003.23 115,00 3260.26  2909.94 81.91  2783.01 49.76
Vgy  3625.94 89.35 3896.31  3225.92 2.45  33173.34 4.84
Voo 5.62  2774.36 20.97 9.29 3632.17 11.37 3518.08
Vgs  3755.00 127.24  4035.23  3665.33 16.60  3502.16 17.47
Vog 18.9¢  2795.24 36.58 16.75  3616.25 20.80  3488.42
Vgy  3014.56 60.26 3275.34  2930.30 52.44  2796.00 34.55
Vog 16.12  2576.52 16.33 15.08  3654.56 18,07  3733.17




39 Vo Vay Va2 Va3 Vas Vas Ve Va7
3696.58  3619.52 14.52 4018.69 3268.88 3794.07 3971.06 3764.49  3695.29
9.64 15.36¢  3484.95 10.53 20.17 9.91 15.45 24.32 8.15
7.16 9.52 3305.05 21.58 10.30 9.94 17.99 35.93 4.26
18.36 5.90 3121.83 41.03 14.80 15.24 31.66 24.28 16.23
3632.67  3655.38 8.3  404v.27 3301.16 3830.99 4009.85 3797.62 3730.91
60.19 4v.55  3703.49 51.86 v3.19 46,79 50.24 67.17 5.33
4.88 14.57 3247.01 24.94 5.11 14.15 24.10 34.45 6.55
24.45 30.20  2836.13 72.37 6.57 43.23 64.55 63.87 23,04
22.02 39.87  3146.97 54.10 14.76 40.24 51,05 79.63 24.17
16.19 29.10  3267.29 30.13 14.59 27.63 36.17 53,92 16.78
5.96 6.99  13217.00 33.13 7.87 9.46 18.28 30.23 5.13
10.43 21.95  3161.8% 32.09 4.94 23.62 35.61 42.26 13.51
13,73 16.87 - 3569.62 14,27 29.61 11.08 ‘13,81 39,34 9.89
3043.73  3079.07 28.49  3424.32 2738.03  3235.14 3394,08 324,48  3134.51
1669.87  3681,70 13.54  4087.03  3340.28 3861.30  4042.4¢ 13824.27  3766.09
15.46 9.70 3182,9% 29.93 10.54 14.51 28.56 19,59 13,23
3799.61  3812.48 43.12  4222.80 3468.40 3995.96 4179.18  3947,04  3902.27
21.79% 33,14 3155.32 41.13 12.42 35.01 48,06 55,88 23.18
3063.33 307u.19 18.63  3441.58 2759.28 3240.18  3402.33 3199.61  3150.50
12.56 11.52  3386.79 20.14 19.30 11.22 16.50 39.53 5.59

{contd.)



Va2 Vi3 Vi Vis Ve Viq Vag V39 Veo Va Va2 Va3 Vas V4s Vas AEY
Vgo 16.25  2£39.49 20.69 19.66  3683.07 11.60  3557.82 7.02 21.15  3210,57 29.25 8.69 21.48 30.07 .M 5.50
VIOO 1838,31 121,45 4120.27 3740.04 6.04 3881,25 8,84 3885.46 3895,70 30.59 4310,.78 3546.40 4081.94 4266 .51 AN 7 44 3084 K4
Vio1 42,76  13486.93 16.61 49.12  4440.90 60.28  4312.22 29.94 34.53  3934.56 13.73 65.20 10,32 10.0¢ 53.73 20.3¢
V.02 8.19  3108.82 9.19 16.45  4004.71 23.89  38¢0.86 11.06 11.75  3527.70 9.09 23.37 6.25 11.07 18.99 6.4
V03 39.45  2389.39 68.08 34.81  3196.66 21.96  3097.30 48.16 32.85 2785.07 91.54 26.15 53.50 78.21 61.45 49.80
Vios 25.87  2595.35 44.11 21.45 3394.57 14.74  3270.98 22.94 36.58  2947.68 57.33 7.63 44.14 60.18 66.64 29.13
V105 19.83  2487.54 43.07 19.86  3287.19 7.18  3175.03 21.06 28.50  2857.90 65.27 4.63 40.01 61.36 48.96 31.6¢
V106 30.88  2434.84 51.30 19.50 3229.48 8.82 3120.02 27.66 33.61  2802.72 75.03 7.94 47.36 68.04 74.98 34.4C
V107 19.42  3209.37 7.56 30.81  4138.19 32.61 4017.98 14.73 10.10  2659.97 8.88 38.88 3.73 3.67 20,34 8.14
V108 12.20  3122.67 4.00 15.03  4028.11 21.27  3906.50 7.32 9.72  3548.43 9.82 23.68 3.91 6.07 29.14 2.62
V109 51.99  2737.75 44.79 55.23  3545.17 32.92  3426.83 34.28 38.28  3098.98 47.57 34.68 46.91 73.17 56.97 42.96
V110 21.26  2489.97 42.10 14.36  3315.60 6.97  3215.94 26.48 20.64  2891.62 71.91 10.72 34.19 55.88 42.51 30.05
Vi 3952.07 98.32 4238.98  3848.19 44.85 3693.54 37.47 4007.22 4004.62  S7.11 4446.92 3665.63 4196.12 4378.33 4149,12  4102.95
Vi, 3471.28 62.58  3732.04 3384.74 23.84  3225.81 28.92  3514.61 31515.77  32.20 3915.25 3198.48  3694.67 396R.80  3641.50  3607.2€




48 49 50 51 52 Vg3 Vsa Vss Vse V57 Vse V59 Voo Ve1 Ve2 Ve3

Vg 0 450.60 7.56 21.03 .41 9.23 15.03  658.64 52.00 18.33  3099.77 15.50 1.04 11.97 21.28 12.59
Vo ) 467.08  536.26  520.00  548.38  472.32 18.49  468.83  579.00 3769.40  478.81  478.00  492.69  451.12  612.80
Veq 0 35.11 25.22 25.59 22.15  631.87 70.79 37.26 29¢7.88 14.09 7.53 24.29 30.13 29.24
Ve, 0 17.94 13.96 17.72  704.78 40.77 12.39  3438.17 57.24 20.96 37.1n0 50,75 11.37
A 0 7.90 15,22 690.56 37.98 8.1¢ 320191 27.93 7.10 a.44 21.56 8.03
Ve, 0 22.76  721.36 44.50 13.85  3271.80 26.80 2,23 14,52 25.45 6.72
Ve, 0 630.73 30.86 11.73  31365.00 25.61 14,11 17.65 22.57 19,63
Vg 0 638.78  749.40 3858.43  639.10  646.78  K56.78  €07.26 794178
Ve 0 42.16  3918.43 69.45 42.78 37.06 37.26 48.28
Vgq 0 385,13 42.91 20.16 20.74 35.14 4.78
Veg 0 2989.03  3162.07 3255.07 3284.79 3118.79
Vo o 14.06 10.00 S.74 36.17
Veo o 9.77 17.18 14.31
Vo1 0 3.18 19.22
Ve2 0 34.69
Ve, 0

Vs 484.58 4.11  461.08  537.19  515.04  543.95 467,48 15.80  477.58  572.91  3630.22  465.53 473.54 483.06  440.37  608.60
Ves 33.89 655.10 53.87 18.48 20.31 20.65 21.39  843.08 34.10 7.62  3583.49 56.28  32.46 29.41 43.35 7.43
Vs 10.78 608.77 14.25 27.98 18.42 14.80 19.89  789.64 67.23 18.42  3073.05 18,08 12,08 18.80 29.80 10.11
Veq 29.81 587.08 54.58 13.72 15.17 15.76 17.10  760.36 25.63 7.01  3608.34 54.05 28.16 24.44 35.43 10.54
Vg 5.52 471,79 15.20 28.91 5.58 13.56 12.92  637.70 34.99 18.01  3237.52 12,54 3.54 1.55 9.16 16.46
Vo 63.82 718.84 89.17 23.64 46.39 42.42 41,96  910.14 50.43 23.73  3786.18 103,63 62,29 62.16 86.9¢ 25.25




Vs Vo Vso V51 Vs2 Vs3 Voe V55 Vee Vg9 Vsg Voo Veo Ve1 Ve2 Ve3
V,o  3315.6)  3913.12  3175.49  3697.54  3500.43  3510.75  3584.83  399c.64 4135.95  3610.36 73.61  3178.97  3375.94  3446.46  3473.52  3567.6%
Vo, 2663.51  3413.12  2730.2¢  3211.77 39.20 3050.30 3118.69 3521.60 3632.84  3142.55 65.08 2747.55 2919.83 2977.61  3026.49  3083.1f
Vo, 11.21  3431,07 21.76 10.13 9.60 8.63 7.04  731.10 32.9 5.72  3357.30 28,04 10,30 15.08 26.96 3.0
Vas 11.00 556.55 22.46 20.09 10.78 9.70 20.10  810.75 59.57 9.56  3170.04 26.73 12.63 17.57 32,15 2,87
Vae 9.74 627.50 18.06 9.17 9.03 12.15 3.79  667.75 38.15 6.22 3307.55 26.91 a,22 12,41 22.94 7.95
Vgs  3065.41 504, 65 2924.3)  3421.50 3249.97 3254.18  3330.06 3729.38  3861.60  3353.92 54.61 2946.00 3123.81  3206.86  323%,42  3200.33
Va6 21.87  3640.64 31.13 9.11 20.04 15.59 13.40  783.24 52.28 6.76  3345.45 49.80 23.64 35,11 50.34 7.04
Vaq ©.50 606.39 19.77 30.09 13.22 10.90 27.09  770.43 78.11 17.54 2741.64 18.33 12.74 15.96 28.69 10.64
Vog 23.53 597.28 38.54 13.46 14.71 15.10 11.04  737.82 18.53 8.63  3568.24 40.83 20.26 18.25 26.44 8.70
V,g  3289.95 562,12 3147.48 3657.53  3479.78 3474.55 3572.80 3990.26 41i4.14  3589.42 59.28 3162.36 3350.63 3431.44 3460.16 3517.80
Yeo 19.41  3900.73 32.89 6.14 15.15 13.61 8.68  687.15 19.45 11.18  3544.43 44.47 16.59 24.68  133.05 11.80
Va1 8.66 516.47 25.81 8.25 3.86 5.06 13.21  720.00 31.85 7.07  3370.50 33.35 7.82 14.77 26,31 4.08
Vg, 11.10 544.71 21.15 40.87 10.01 22.12 17.24  628.92 40.67 24.43  3216.13 12.32 8.54 3.89 3.11 24.68
Vg3  3325.38 465.92 3182.08 3592.05 3513.74 3514.84 3599.96 4047.11 4155.12 3616.45 54.35 31v8.23  3337.29 3467.69 3498.80 3550.07
Vee 78.54  3958.51 97.73 67.49 68.73 67.60 67.92  762.64 55.56 66.41 3763.41 98.45 70.50 72.86 77.07 65.76
Vgs 10.99 586.88 22.90 8.80 8.43 5.60 11.12  737.07 39.27 4.81  3314.31 28.45 11,00 14.82 26,09 1.99
Vae 6.27 564.29 11.44 35.15 17.61 13.10 31.98  637.10 85.17 30.57 2890.68 13.79 9.26 19.37 29.32 21.87
Vay 26.25 660.78 45.64 17.84 19.88 13.50 35.57 836,26 79.58 11.49  3201.19 52.39 30.55 35.44 54.67 7.43
Vg 15.60 583.09 27.92 3.42 16.53 10.80 19.62  760.40 51.85 12.49  3311,79 48.79 16.50 34.55 40.85 7.10
Vag 11.62 549.66 26.23 24.56 6.64 9.68 16,72  722.21 36.23 12,03 3303.90 20.00 10.58 4.42 12.03 .57
Voo 11.16 580.07 20.03 9.76 11.92 9.77 12.07  753.60 53.08 5.71  3223.61 31.52 12.79 22.07 35.70 3.30
Yoy 28.01 552.06 54.23 13.70 14.87 16.15 17.61  723.63 23.53 10.55 3623.25 57.05 26.7- 17.82 38.2¢ 15.13

(Contd,)



Vis Vas V5o V51 Vs, V53 Vs Vse Veo Vsq Vsy Vs9 Veo Ve1 Veu Ve
Vyy  2760.69  3459.35  2629.08 3075.46  2.37.37 <5.9.81  3014.50  3567.76  3534.16  3024.39 51,07  2668.52 2820.32 2/12.67 2749.80 2956.47
Vgy  3359.05  3947.0%  3214.67 3742.87 3548.34  3554.32  3639.85 4U35.63  4183.51  3663.52 96.12 32.1.46  3418.10  3453.42  3520.03  3594.73
Voo 5.02 447.44 10.68 17.87 8.51 16.03 6.56 609,94 32.74 17.26 3260497 20.48 3.12 17,92 17.90 17.00
Vos  3479.31  4026.74 3320.60 3.74.22 3685.23 3681.61 3772.12 4121.14 4313.73  3810.19 94.94  3337.93  3536.44  3626.33  3648,26  3720.92
Vog 13.22 560.33 20.16 6.33 7,96 12.79 21.13  734.28 61.64 15.06  3209.69 44.70 5 .40 36.52 o e 50,81
Vg,  2771.65  3346.89  2632.58 3113.21 2052.63 2956.16 3027.47  3448.11  3529.45  3055.62 75.30  2662.24  2726.43 2012.,22 2C1Q.BE  20M0,03
Vog 14,10 £63.28 32.25 12.22 7.47 10.7% 20.78  748.58 28.71 13,05  3462.43 44.67 12.08 22.5R 35,80 7.56
Voo 14.76 615.56 22.59 15.15 16.75 9.07 21,18  806.51 48,96 14.74  3285.21 $232.03 14.20 23.36 26.26 3,08
Vigo 3561.93  4160.35 3407.60 3958.19 3761.62 3768.05 3851.54  4264.65 4410.28  3879.90 94.70  3423.¢7 3622.28 3708.06 1373%.77  3806.89
Vio1 67.40 652.15  100.04 36.95 42.82 42.83 46.81  841.88 15.87 33,01  4008.30 ¢8.82 61.46 54.70 66.00 34.45
Vi02 21.32 504.79 35.01 9.85 14.94 16.35 10.34  676.64 12.61 13.38  3001.63 45.15 17.17 26.88 30.32 13.93
103 15.77 461.64 15.34 65.43 25.22 38.89 45.87  626.26 91.64 54.86  .t74.37 15.46 15.96 27.31 34.12 47.01
V104 11.35 606.08 14.71 120.78 21.38 15.43 28.71  785.29 53.72 21,96 2v99.93 32.57 14.55 33.46 4.36 11.73
V108 7.07 510.17 5.23 35.11 21.52 16.26 25.03  674.07 77.80 30.87  2wiv.2¥ 8.21 3.64 17.62 24.26 22.41
Y06 10.03 568.83 16.20 39.56 18.30 15.57 39.14  738.32 94.96 30.43  2063.81 19.03 13.96 21.82 34.77 20.77
V.09 33.07 522.33 51.57 28.87 23.04 25.97 24.00  703.46 5.16 29.10  3742.21 51.48 25.86 24.57 26,87 26.51
2 24.75 564.63 46.97 14.16  "12.07 13.60 15.91  741.68 16.61 9.46  3620.05 47.45 21.48 15.52 29,09 10.02
V100 35.87 531.44 33.71 55.98 44.68 39.71 48.258  706.63 73.43 57,20 3168.14 31.61 28.76 37.94 44.52 43.88
V110 11.29 477.86 19.93 47.57 14.87 21.00 29.11  632.56 72.87 30.06  2975.44 8.87 12.69 8.n2 11.64 28.38
Vyyp  3678.28  4241.70 3532.23  4198.64 3871.43  3895.16 3966.56 4325.44  4530.03 3997.49  145.56 3531.09 3741.50 3809.68 3833.71  3734.47
Vi, 3209.31  3771.85  3060.07 3604.48  3400.08 3415.50 3480,90 3873.96 4002.50 3521.77  117.48  3065.70 3263.62 3336.90 13357.57  3452.33




64 65 66 67 63 69 Y70 V1 V12 Va3 V4 Vs V16 Y99 Vs Vaa
0 653.21  599.16  583.91 465.31 721,98 3770.75  3302.01  §53.12 619,15  499.12  3509.46  603.57 584,40  567.52  3764.05
0 23.44 4.98 29,78 10.67 3818.58  3339.40 8.09 12.86 14.97 3855.78  10.3° 30,08 4.32  1794.02
0 29.70 16.80  50.60 3299.10  2853.79 8.64 3.16 12.90  3052.36 14.46 5.59 21.46  3274.21
0 25.22 14.05 3854.52  3371.83 8.91 18.82 12.67  3591.36 15.71 30.95 4.65 3£31.04
0 64.53  3430.98  2976.76 11.96 15.62 10.18  3185.32 28.42 16.18 17.93  3415.33
0 4064.62 3563.60  25.84 36.83 35.43  3785.00  20.59  61.07 20,13 4034.54
0 22.14  3590.66  33v5.40  3531.74 12.98  3589.08 3211.12  3797.61 14.43
0 3122.45 242,96  3064.39 6.22 3116.54 2773.75  3317.11  27.74
0 6.03 2.83  3330.72 5.57 14.65 4.10  3564.62
0 10.29  3146.43  10.27 4.43 15,30 3370.03
0 3272.83 7.57 15.88 7.47  3507.56
0 3322.47  2971.79  3533.05 11.08
0 22,23 11.60  3558.52
0 29.66  3186.29
0 3771.54
c
518.59 11.80  24.35 7.50 19.15 21,43 3792.69  3306.57 4.66 19.47 6.69 3520.45 10.81 32.13 4.24  1762.36
541.83 12.40  15.08 8.39 9.85 29.37  3603.83  3132.40 4.19 8.07 5.92  3344.03 12,28 14,98 7.98  3576.41
456.83 37.56  22.68  31.73 1.99 75.96  3396.07  2948.79 19.19 21.86 16.14 3159.53 39,12 20.46 25.08  3391.46
1818.74 3823.03  3303.90 3862.27  3450.01  4059.72 7.27 23,40  3595.81 3399.89  3537.72 8.18 3585.16 3217.62 3805.02 5.50
582.49 60.40  82.32 53.95 62.68 70.88  4012.30 3572.91  59.41 75.28  63.96 3745.05  73.47 92.76  53.67 3950.70
559.40 8.92 9.01 9.48 13.21 28.25 3545.92  3081.08 1.39 4.68 3.20  3287.34 6.03 10.83 5.80 3515.50
509.93 50.42  12.39  46.50 16.16 85.52 3110.58 2677.06  23.01 14,97 21.61  2869.65 34.25 5.50  41.62 3081.06

(conta.)



Voo

Y100

Vi01
Vioz2

Vio3

64

650.26
581,09
541.54
574.05
551.64
3336.51
3807.39
443.95
3893,12
558,53
3225.86
565.76
617.39
4020.29
658.98
508.34

450.48

19.35%
17.49
16.28
12.91
12.12
3208.40
3870.45
29.79
4016.00
25.34
3244.37
14.68
12,22
4090.89
15.90
12.69
80.12

19.68
16.19
13.64
9.65
35.16
2735.51
3344.35
17.26
3467.54
15.70
2760.03
22.42
6.22
3545.35
66.81
28.73

32.85

20.47
16.27
15,38
15.50
3.02
3249.58
3907.12
24.50
4055.40
26.16
3282.05
13.31
19.04
4133.26
13.10
9.05

76.55

66 69 70
35.53 34,14 3446.80
26417 24.86 3573.56

7.10 48.60 3507.15
17.29 30.02 3459.73
24.72 18.15 3876.61

2839.47 3410.28 70.05
3476.90 4118,13 2.83
4.23 56.58 3471.02
3603.60 4268,68 29.91
25.50 37.18 3456.82
2888.41 3466,01 44.58

14.27 29.83 3690.41

20.18 31.18 3521.81
3684.81 4343.54 13.87

55,30 16.22 4259.86
17.06 25.58 3835.41
16.88 127.94 3048.02




71 Va2 V73 Vs Vas Va6 Va7 Vie Vaa
2990.29 17.03 9.76 19.13  3192.80 14.73 11.95  25.31  3411.05
3097.98 7.73 10.82 9.74  3304.07 6.36 14.50 15.56  3535.29
3050. 24 8.74 9.01 9.44  3260.62 21.66 11.68 10,14  3480.83
2998. 68 2.89 3.88 4.3¢  3201.38 3.12 9.78  11.80  3430.62
3390.48 11.70 24.44 15.67  3610.28 20.23 36.34  9.49  3854.3%

30.65 3002.26 2821.68  2952,03 29.77 2978.44  2662.00 3191.38 45.32
24.88  3638.41  3442,23  3579.71 12.57 3638.77 3256.97 3846.50 9.61
3005.71 9.46 17.58 5.23  3214.65 20.57 20,93 16.10  3450.62
$3.66 3769.04 3575.32 3512.84 30.85 3772.61 3389.81 3982,99 21.3¢
2988.45 10.30 12.39 10.52  3188.34 7.87 18,73 21,92 3417.12
10.41  3027.02 2852.18  2972.85 13.85 3018.68 2680.50 3219.42 33.40
3211.33 9.02 13.68 13.07  3425.48 17.04 26.3%  10.88  3661.83
3058,37 4.67 4.47 11.19  3260.80 8.38 13.48 11,00  3485.45
46.44 3849.92 3649.22 3791.55 25.47 3847.15 3463.09 4066.05 19.34
3756.63 32.98 50.62 43.45 3983.43 42.53 75.04 17.50  4233.26
3347.02 6.86 22.89 8.42 3563.41 15.14 36.92  3.69  3806.68
2618.85 44.57 37.98 40.09  2814.47 63.12 28.61  64.47  3033.23

(Contd.)



v

v

\4

64 65 66 V67 v68 v69 70 71 72 v73 v74 v75 v76 v77 V7R v79
104 597.92 33.07 6.43 37.72 25.36 54.08 3239.37 2790.31 14.72 7.07 16.33 2984 .84 14,19 8.23 31.69 3203.92
108 498.85 47.02 8.32 46.84 15.00 83.92 3134.30 2659.06 18.96 14.7¢ 17.47 2890.71 29.49 7.92 36.02 3104.70
106 553,91 49.70 13.18 48.06 19.67 85,94 3077.11 2647.37 26.50 13.13 25.48 28.40.77 36.20 3.42 44.97 3049.10
107 528.25 20.69 41.97 15.98 22.08 37.57 3967.60 3475.48 18.49 35.42 24,08 3693.03 36.24 51.73 9.98 3943.45
108 564.24 6.09 27.83 2.05 18.39 18.91 3855.78 3371.96 17.50 18.26 11.80 2591.64 17.53 31.35 2.69 3831.44
109 527.45 60.42 35.20 59.62 32.41 85,77 3382.33 2930.83 37.75 39.24 40.21 313..81 58,09 40.55 49.30 3366.11
110 461.93 51.82 22.12 45.20 9.26 $7.19 3158.88 2728.37 27.76 22.47 22.30 2928.46 45.23 11.41 40.20 3143.91
111 4093.60 4217,94 3669.65 4255.32 3793.34 44838.59 22.47 71.52 3976.76 3772.31 3914.06 57.44 3981.30 3578.65 4191,30 49.78
112 3639.96 3718.27 3194.96 3759.13 3318,15 3970.44 23.16 33.66 3486.85 3297.86 3431.70 30.87 3494 .61 3121.94 3688,85 42.52




Va0 81 82 Va3 Vag Ves Va6 Va7 Vas Va9 Vo0 Va1 Vo2 Vo3 Vo3

Vo 0 6.39 28,32 3796.53 52.51 7.45 38.31 28.40 9.43 17.88 11.19 6.59  3183.15  3839.95 12.10
Va1 0 16.90  3610.97  $3.64 4.03 21.00 15.76 6.34 8.02 7.09 B.35  3016.61  3650,21 8.64
Vg2 0 3622.96  72.24 21.09 2131 44.79 37.71 11.17 25.68 31.51  2874.82  3445.14 8.35
Va3 0 4027.86 3545.62 3117.17 3441.93  3568.34  3520.68 3455.55  3885.95  44.80 7.17  3483.67
Vas 0 65.26  100.03  90.62 65.23  66.73 71.12 51.21  3408.14 4064.08  65.43
Vas 0 19.26 10.18 6.87 6.90 2.02 13.95  2957.87  3u92.79  11.78
Vge 0 25.21 25.27  20.46 17.66 46.75  2572.03  3152.24 19.30
Vaq 0 12.77 20.80 9.53 28.00 2851.89  3495.32  35.84
Vas 0 21.58 5.40 16.92  2960.04 3613.26  17.59
Vao 0 13.33 22.04  2946.81  3554.13  12.53
Yoo 0 19,18  2871.31  3507.28  13.60
Vo1 0 3271.72  3928.85 22.87
Vo2 0 71.35  2909.80
Vo3 0 3515.77
Vou 0

Vos 3968.98  3782.88 3577.48  29.38  4186.37 3726.00 3271.67 3641.38 3745.45  3689.22 3639.03  4#72.67  93.21  17.81 3639.04
Yog 14.27 10.42  37.80 3449.98  73.39 8.70  20.31 15.12 2.86  25.31 4.96 25.94 2851.79  3500.16 16.77
Vog 3206.72  3039.77 2867.64  37.99 3419.56 2986.98  2590.13  2904.00  2999.53  2959.42 2905.51  3300.76  21.19 42,54 2913.41
Yog 8.94 2.83 22.66  3697.92  51.51 10.19 31.57  25.26 10.25 14.21 13.67 11.40  3093.58 3735.21 12.93
Yoo 13.17 9.02  30.55 3520.77  6B.64 4.17 22.03 15.30 8.23 12,65 4.85 24.17  2925.01 3561.18  18.96
Vipo  4050.39  3863.74  3655.23 16.20 4271.11 3805.94 3352.69 3711.09 3827.19 3768.98 3714.93  4153.20  90.62 8.62 3722.50

(Contd.)



v

v

\'4

v

v

v

v

_ 80 81 82 83 84 ¥as 86 87 88 Vg9 Voo Vo1 Vo2 Vo3 Vou

Vio1 22.83 30.68 64.67 4269.37 53.31 36.52 96.55 55.74 43.02 41.60 48.05 14.97  3622.05 4312.50 55.74
V102 1.35 7.48 25.71  3842.51 46.88 9.94 43.20 34.62 14.42 16.68 15.50 8.46  3229.49  3882.25 11.59
Vios 60.81 39.21 18.09 3068.72 96.63 45,22 16.30 65.81 54.35 26.20 43.42 72.11  2544,11  3088.80 23.28
Vios 28.25 16.28 35,13 3235.27 87.34 12,37 10.58 14.92 99.89 23.69 6.87 40.73  2659,55 3281,84 21.37
Vios 34.30 23.02 20.48  3140.19 98.42 16.99 3.15 30.22 26.07 19.02 15.39 49.45  2593.18  3175.55 16.03
Y106 45.22 22.75 24.17 3083.89  103.54 21.10 1.92 20.82 27.63 20.08 10.26 50.94 2841.23 3119.70 25.24
V107 11.44 16.18 28.38  3983.79 47.22 23.72 59.56 55.84 32.33 21.12 34.52 14.74  3369.56  4013.41 21.99
V108 5.20 5.73 25.15  3866.03 45.23 9.16 43.80 29.14 16.23 11.98 16.28 3.68  3254.89  3905.64 18.51
Y300 46.68 39.18 30.94 3395.21 96.98 40.66 37.87 63.82 48.17 46.40 41.40 57.48  2843.09 3418.79 33.51
o 43.70 25.20 8.72 3178.15 97.42 24.24 8.96 35.86 42.04 14.52 27.02 47.80  2648.29  3204.86 17.99
Vi 4189.31 3988.27 3755.91 43.18  4412.04 3932,93  3471.07 $840.09 3968.05 3877.85 3845.29  4276.76  149.43 25.10  3839.90
Vi1, 3684.45 3501.75 3283.69 40.07 3901.43  3449.36 3017.85 3375.56 3476.81  3402.31 3366.67  3778.83 97.93 19.83  3387.01




95 96 97 98 99 100 101

Vg5 ) 3621.85 51.00 3863.67 3687.28 9.27  4460.26

Vog 0 2888.99 14.22 9.39  3702.90 58.77

Vgq 0 3113.47  2955.63 57.06 3651.98

Vog 0 11.73  3946.43 26.88

Vs 0 3771.27 42.40

Y100 0 4545.35

Vio1 0

Vio2

Vios

V104

Vio0s

Vioe

V107

Vios

Vio9

Y10 3336.98 38.12  2650.64 37.24 34.76  3412.39 93.79

Vi 42.16 3845.89 97.14  4075.25 3907.76 22.00 4675.16

Vi1, 25.24 3363.86 41.35 3578.66 3416.15 23.72  4148.08
Vilo Vi Vii2

110 0 3510.63  3063.91

Vin 0 31.50

v 0

112




102 103 104 Vios Vioe Vio7 Y108 Vio9
4010.63  3198.05 3401.34 328v.79  3245.33  4140.25 4045.57 353B.63
19.02 4.7 6.07 20.09 23.49 41.98 24.99 44.67
3245.78  2532.21  2694.57 2606.75  2563.66 3372.45 3277.45 2847.06
7.85 43.67 22.66 33.76 33.19 12.95 7.41 42.73
15.82 47.59 9.24 18.01 23.46 27.54 16.04 40.10
4098.75  3277.60 3478.69 3373.85  3320.64 4234,00 4127.97 3625.52
20.98  124.82 79.65 95.53 98.82 15.33 11.34 91.85
o 59,11 34.18 38.44 49.81 6.92 4.40 47.93
0 33.47 18.28 19.09 68.94 65.20 43.76
) 10.61 10.68 55.69 16.46 42.47
0 7.19 55.19 43.08 34,89
0 66.05 46.35 43,53
0 7.33 54.14
0 52.12

)
44.21 14.87 29.00 11.11 9.67 55.06 41.92 43.19
4229.25 3385.12 3614.68 3494.91  3436.11 4356.30 4251.04 3766.37
3721.47 2933.99 3145.87 3033.47  2989.28 3837.04 3749.36 3262.65
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ABSTRACT

The research project "Genetic studies in
red gram (Cajsnus cajan L. Mill sp.)" was carried out st
the College of Horticulture, Kerala Agricultursal
University, Vellanikkera, Trichur during the periocd
1983-86. The genetic diversity studles among the 112
genotypes of red gram obtazined from NBPGR, Vellsnikkers
and THAU, Coimbstore during 1963-84 showed that the
genotypas of the same place of origin fell into different
clusters while those of diversified origin fell into seme
cluster. All the genotypes studied were grouped into

five clusters.

Based on both the inter and intracluster distances
20 genotypes representing the broad spectrum of varisbility
vwere selected and raised during 1985-86. The vzlues
estimated for phenotysic coefficient of variation and ganotypic
coefiicient of varistion showed that number of clustexs
per plant, number of pods per plent and seed yileld possessed
high estimetes. Number of days from sowing to 50 per cent

flowering snd seed yield have exhibited high heritability



coupled with moderately hijh genctic geain astimates
indicating the involvement of additive gene effect.
Nurber of deys from sowing to harvest and height of plant
at harvest, have high or moderately high estimates of
heritability tcgethner with low values of genetic gain

indicating the action of non-additive genes.

In nine out of ten cases there has been
significent positive correlation between component charecters
and seed yield both in the phenotypic and genotypic levels,
hovever the correlation of hundred so;d waight with seed
yield vwes not significant both at phenotypic and genotypic
levels. Intercorrelaticns studies have shown that characters
exhibiting significant associstion with seed yield per plent
were a8lso highly intercorrelated indicating that these

characters can be simultaneously improved.

Path coefficient anzlysis showed that number of
pods per plant, hundred seed weight, number of primary
branches at hearvest, nunber of secondary braenches at harvest
&n? length of ;04 bearing branches had high positive Adirect
effects on seed yield in thet order. The residual effect
was 0,07227 indicating thet sbout 93 per cent of the
veriation in yield were contributed by the ten components

considered in peth ccefficient anzlysis.




The selection index formulated with characters
like seed yield, number of pods per plent and hundred seed
weight showed an efiiciency of 8.4 per cent over direct
selection and it includes 57 per cent of the factors
determining the yield. ilence it is suggested for isolating

superior genotypes.

A comparison of different genotypes besed on the
index vilue has revealed the superiority of the genotyres

HEPGR~I1«iC=»10046~1 and NBPGR«124-FPLA-~345-1 over others.

The study paved the way for understanding the
source of variability for variocus factors contributing to
yield, the degree of diversity among the genotypes, cn the
association betwveen yield and its components and batween
themselves, and helped to formulate selection index for

selecting superior genotypes.




