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ABSTRACT
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________________________________________________________________
The present study entitled Genetic variability,

correlation and diversity analysis in pigeonpea [Cajanus cajan
(L.) Millsp.] was undertaken to study the nature and extent of
divergence among the genotypes and to study interrelationships
among seedyield and its various components.
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--------------------------------------------------------------------------------
Abstract Contd& Deore S. G.
----------------------------------------------------------------------------------------------------

Fifty genotypes of pigeonpea were grown and
evaluated at Pulses Improvement Project, MPKV, Rahuri during
August 2012 to February 2013, in a Randomized Block Design
(RBD) with three replications.

The observations were recorded on the 15 characters
viz., days to 50 %flowering, days to maturity, plant height (cm),
plant spread (cm), primary and secondary branches per plant,
pods per plant, seeds per pod, seed yield per plant (g), 100 seed
weight (g), incidence of SM (%), wilt (%), reaction to pod borer
(%), harvest index(%) andprotein content (%).

The data revealed that, sufficient variability was
present among the genotypes under study, PCV estimates were
slightly higher than GCV estimates. Very high estimates of
heritability (BS) were observed for all the characters studied.
High heritability accompanied with high genetic advances, as
percentage of mean were observed incase of incidence of sterility
mosaic, wilt percentage, secondary branches per plant, seed
yield per plant, plant spread, pods per plant and primary
branches per plant, suggesting additive genetic control in the
inheritance of these characters.

Correlation studies revealed that, genotypic
correlation coefficients were higher than the corresponding
phenotypic ones. Seed yield showed significant and positive
correlation with the plant height (0.323), primary branches per
plant (0.266), secondary branches per plant (0.504), pods per
plant (0.835), seeds per pod (0.266) and positive correlation with
days to 50 % flowering (0.104), days to maturity (0.129), plant
spread (0.152) and 100 seed weight (0.105). Whereas, it showed
negative and significant correlation with wilt percentage (-0.216),
reaction to pod borer (-0.327) and negative correlation with
incidence of sterility mosaic (-0.085), harvest index (-0.068) and
proteincontent (-0.147).
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--------------------------------------------------------------------------------
Abstract Contd& Deore S. G.
--------------------------------------------------------------------------------

Path analysis revealed that, pods per plant had
the highest and positive direct effect (0.773), followed by days to
maturity (0.357),seeds per pod (0.172) on seed yield and
incidence of sterility mosaic had the highest and negative direct
effect (-0.167), followed by reaction to pod borer (-0.150) on seed
yield. This suggests the importance of these traits while selecting
for improvement inseed yield.

The D2 statistics showed that, there was considerable
divergence among the genotypes with D2 values ranging from
104.6 to 11047.96. Onthe basis of D2 values, 50 genotypes were
grouped into 9 clusters. Clustering pattern of these genotypes
did not necessarily followthe geographical distribution. Tentative
hybridization program is suggested on the basis of the genetic
divergence, cluster means and per se performance of genotypes
from distantly related clusters to secure yield improvement in
pigeonpea involving PT-04-267, PT-04-360-1, ICPL-87, PT-04-
343, PT-04-230, PT-03-129-2, PT-04-373, PT-011-6 and PT-011-
14 genotypes.
--------------------------------------------------------------------------------

Pages 1 to 106
--------------------------------------------------------------------------------
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1. INTRODUCTION

Pigeonpea is an important legume crop mostly
produced in Asia, Africa, Latin America, and the Caribbean
region. It belongs to family Leguminoseae, sub family
Papilionaceae having chromosome number 2n = 2x = 22
(Roy, 1933).

Pigeonpea is the fourth most important pulse
crop after chickpea in the world with almost all production
confining to developing countries. In World, total area
under pigeonpea cultivation is about 4.58 million ha. with
production of 3.27M.tonnes (Anonymous, 2011).

Pigeonpea is one of the important pulse crops of
India and ranks second to chickpea in area and
production. India is largest pulses producer and account
for 27-28 per cent of global production. In Maharashtra
pigeonpea occupies an area of 12.09 lakh ha and has
production of 976.00 lakh tons (Anonymous, 2012a.) with
average productivity of 750 kg/ha (Anonymous, 2012b). In
comparison with area under this crop in India (3.46 million
ha), it constitutes approximately 40.02% and also shares
equal contribution in total production. Thus, Maharashtra
state is a leading producer of pigeonpea at National level.

At present, pigeonpea is classified in tribe
Phaseoleae, subtribe Cajaninae, family Leguminosae, sub
family Papilionacae genus Cajanus, and species cajan.
Keeping in view the wide range of diversity in India,
pigeonpea was consideredto be of the Indian origin
Pigeonpea is a rich source of proteins, carbohydrates and
certain minerals. Protein content of commonly grown
pigeonpea cultivars ranges between 17.9 and 24.3 g per
100 g for whole grain samples and split grains. Seed of
pigeonpea is a good source of iron and iodine and rich in
essential amino acids like lycine, tyrocine, cystine and
arginine. Being legume, it has symbiotic association with
Rhizobium whichplayan important role in fixing

1
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important role in fixing atmospheric nitrogen for which
pigeonpea is inevitable part of various cropping system.

Though India ranks first in area and production
of pigeonpea, the average productivity of pigeonpea is low
at around 655 kg/ha. (Anonymous, 2012c). To break the
yield plateau in pigeonpea in India, one of the way is to
understand the variability, correlation and diversity among
various yield contributing characters in pigeonpea
genotypes at commercial level.

Varietal improvement gets top priority in order
to increase productivity in research programme of this
crop. Since beginning of Agriculture, cultivated crops have
been subjected to intense human and natural selectionand
trends continues. This has resulted in huge collection of
different crop species, land races, wild relatives distributed
throughout the world, which comprises valuable
germplasm collection. For designing an effective breeding
programme for improvement of any crop, the information
regarding genetic variability and estimates of heritability
are pre-requisite. It is therefore necessary to collect,
conserve and study genetic diversity among various crops
in the formof germplasm.

Knowledge of variability in terms of genotypic
and phenotypic coefficients of variation, genetic advance
and heritability is of immense importance in evolvement of
superior varieties. Also, it can be used for desired
improvement inexistingvarieties.
Yield is main objective of any breeding programme. The
yield is result of interactions of number of factors, present
both in plant as well as in an environment. It is difficult to
evaluate or select for this complex character directly. More
efforts should be made towards indirect selection such as
determinationof the association existingbetweenother less
variable plant characters and yield. Selectionpressure may

2
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Selection pressure may then be easily exerted on those
variables, which showclose associationwithyield.

Wright (1921) suggested the method of
partitioning the correlation into direct and indirect effect by
path coefficient analysis. It provides useful information on
the relative merits of the traits inselectioncriteria.

Genetic diversity, which is heritable is a pre-
requisite for successful breeding programme. Proper choice
of parents in the breeding programme is of paramount
importance. Genetic divergence among the parents play
vital role incultivar improvement because a cross involving
genetically diverse parents is likely to produce high
heterotic effect and more variability in segregating
generations, which can be used for the desired
improvement. Generally plant breeder select the parents on
the basis of phenotypic diversity. The knowledge of genetic
diversity among the parents with respect to characters,
whichare to be improved is must.

The D2 statistics is a powerful tool for
quantifying the genetic divergence. Thus, it gives better
idea about the magnitude of the divergence and is
independent of the size of the sample and provides the
basis for the selection of parental lines for future breeding
programme.

Use of advanced novel techniques of plants
improvement will be inevitable for twenty-first century,
however traditional plant breeding tools such as genetic
variability, path analysis, genetic diversity studies will also
play important role inplant breeding.

The present study was therefore undertaken
with the following objectives:
1. To study the nature and extent of divergence among the

genotypes.
2. To study interrelationships among various seed yield

and its components.

1
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2. REVIEW OF LITERATURE
Success of any breeding program depends on

the diversity and variability present in population selection of
elite genotypes. Though not much work has been found on this
crop, an attempt has been made to review the published
literature on variability, path analysis and genetic diversity in
pigeonpea.
2.1 Origin, cytological studies and types of pigeonpea:
2.1.1 Origin of pigeonpea

Origin of pigeonpea was studied by Van Der
Maesen (1980).

The floristic, linguistic and cytological evidences
revealed an Indian origin of pigeonpea, from India, it was most
probably distributed to Africa at least two millennia B.C. And
Africa was definitely a centre of diversity. It was imported to the
Eastward America from Africa. Then the crop reached to
Indonesia whichhelpedits introduction into Madagascar.
2.1.2 Cytological studies

Roy (1933) reported for the first time, the
somatic chromosome number inpigeonpea to be 2n=22.

Krishnaswami et al. (1935) observed the haploid
chromosome number n=11 inpigeonpea.

Further, Kajjari (1956), Joglekar and Deshmukh
(1958); Deshmukh and Phirke (1962) also reported the haploid
chromosome number in pigeonpea to be n = 11 in various
mutants.

Akinola et al. (1972), D Cruz and Jadhav (1972)
reported pigeonpea chromosome complement to be 2n= 22.
2.1.3 Types of pigeonpea

Number and types of pigeonpea have been
noticed differing in height, time of maturity, colour, size and
shape of flowers, seeds and pods by followingworkers:

From Madhya Pradesh alone, 36 types of pigeonpea
were identified byMehta and Dave (1931).

4
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Shaw et al. (1933) have distinguished 86
different types from the germplasm collection all over India.
These types are being grouped broadly under two varieties viz.,
arhar (Cajanus cajan var. bicolor DC) tur (Cajanus cajan var.
flavus DC). The arhar variety comprises mostly the perennial
types which are the late maturing, large bushy plants streaked
yellow flowers and dark coloured pods each with 4-5 seeds. tur
variety includes early maturing, small plants bearing yellow
flowers andplainpods each with 2-3 seeds.

In peninsular India, tur varieties are cultivated on
large scale, while the late maturing types that of arhar are being
grown in Uttar Pradesh, Bihar, Bengal and Assam. In Madhya
Pradeshboth the types viz., tur and arhar are cultivated.
2.2 Correlation and genetic variability
2.2.1 Correlation

Joshi (1973) noticed that, the seed yield in pigeonpea
was positively correlated with number of pods and number of
branches per plant.

Singh and Malhotra (1973) observed significant and
positive associationof yieldwithclusters per plant inpigeonpea.

Gupta et al. (1975) reported that, in pigeonpea
traits viz., pods per plant, pod cluster per plant, pod cluster per
five branches and number of branches were the major yield
contributing components suggesting that selection should be
based on more number of branches, the highest cluster per five
branches alongwithhigher number of pods per plant.

Wagh (1976) reported that, grain yield per plant
in pigeonpea was highly and significantly associated withdays to
50% flowering, plant height, number of secondary branches,
number of seeds per pod and100 grainweight.

Singh and Shrivastava (1977) reported the
positive significant association of grain yield per plant with plant
height, pod lengthand 100grain weight inpigeonpea.

5
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Awatade et al. (1980a) observed that, seed yield is
positively and significantly associated with plant height, number
of branches, number of clusters per plant, number of pods per
plant and days to maturity inpigeonpea. The weight of 100 grain
was positively significantly associated with seeds per pod but
plant height had negatively correlated withnumber per plant.

Singh et al. (1982) studied correlation in F4
progenies of pigeonpea. They found that, seedyieldper plant was
positively and significantly associated with plant height, number
of pods per plant, days to 50%flowering, seeds per pod and days
to maturity.

Balyan and Sudhakar (1985) observed that,
plant height, primary and secondary branches, pods per plant,
seeds per pod, weight of 100 grain had positive and significant
associationwithseed yield inpigeonpea.

Sidhu et al. (1985) observed positive and
significant associationwithseedyield with plant height, pods per
plant, seed size and seeds per pod inpigeonpea.

Bhongale and Raut (1987) showed that, grain
yield in pigeonpea was found to be significantly correlated with
important yield contributing characters viz., plant height,
branches per plant, pod number, pod weight and stated that the
selection based on these traits would be effective in breeding for
high yielding pigeonpea types.

Marekar and Nerkar (1987) noticed that, seed
yield of tur was positively and significantly associated with plant
height, number of secondary branches, clusters and pods per
plant, plant biomass and harvest index both at the genotypic
and phenotypic level.

Patil et al. (1989) observed that, seed yield in
pigeonpea was positively correlated with number of branches per
plant, number of pods per plant and 100 seedweight.

Theyalsonoticedthat, the days to first flowering had a direct
negative influence on seed yield. The number of clusters and

6
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Natarajan et al. (1990) noticed that, number of
pods, number of clusters and plant height were positively and
significantlyassociated withseedyield in pigeonpea.

Khapre and Nerkar (1992) observed that, traits
like leaf area index, days to maturity, plant height, number of
pods per plant and total biomass per plant had positive
significant correlationwithgrain yield inpigeonpea.

Khapre et al. (1993) noticed that, grain yield in
pigeonpea had positive and significant association with pods per
plant, days to 50% flowering, grain to shell ratio and harvest
index, however, it had low positive association withplant height,
days to maturityand 100seed weight.

Dhameliya and Pathak (1994) reported that, plant
height and no. of primary branches showed positive significant
genotypic and phenotypic correlation with no. of pods per plant,
no. of primary and secondary branches, while percent pod
damage showed negative and significant genotypic and
phenotypic correlationwithplant height.

Dhameliya and Pathak (1995) reported that, 100 seed
weight showed positive significant genotypic and phenotypic
correlationwithpod length and seeds per pod.

Salunke (1994) reported that, grain yield per
plant in pigeonpea had highly significant and positive correlation
with number of pods, number of secondary branches, plant
spread, number of primary branches, plant height and 100 grain
weight. However, it had strong negative correlation with number
of seeds per pod.

Salunke et al. (1995) revealed that, the yield
components viz., days to 50 % flowering, days to maturity, plant
height, plant spread, primary branches per plant, secondary
branches per plant and 100 grain weight were positively and
significantly associated among themselves. Pods per plant were
positively and significantly associated with primary branches,
secondarybranches, plant height and plant spread.

7
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Singh and Gumber (1995) showed that the
magnitude of genotypic correlation in general was higher than
the phenotypic correlations. Days to maturity was positively
correlated with plant height in parental, F2 and back cross
generations and withseedyield in parental and F1 generation.

Mahajan et al. (1995) studied genotypic
correlation in 23 pigeonpea genotypes grown in 3 environments.
They observed that, pods per plant were significantly and
positively correlatedwithyield inall the 3 environments.

Paul et al. (1996) reported in pigeonpea that, at
phenotypic level, yield was significantly and positively correlated
with number of pods per plant, dry matter at maturity and
number of secondary branches. At genotypic level, the
associationwas highest for dry matter at maturity.

Thombare (1997) observed that, grain yield per
plant in pigeonpea has significant and positive correlation with
plant height, plant spread, days to 50% flowering, 100 grain
weight, days to maturity, number of primary and secondary
branches per plant, number of seeds per pod and number of
pods per plant.

Khandwe et al. (1998) observed that, negative and
significant genotypic and phenotypic correlation was present
betweenpercent pod damage and pods per plant.

Srinivas et al. (1999) observed that, seed yield
showed significant and positive correlation with plant height,
number of primaryand secondary branches per plant, number of
pods per plant inpigeonpea.

Sawant (2001) showed that, plant spread,
number of secondary branches per plant and days to maturity
had strong positive genotypic correlations with grain yield per
plant.

Pandey and Singh (2002) showed that, percent pod
damage had negative but significant genotypic correlation days
to 50 %flowering and days to maturity.
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Chandirakala and Subbaraman (2010)
estimated nature and magnitude of association of seed yield with
other components and their direct effects on seed yield were
studied in pigeonpea. Character association studies indicated
that branches per plant, clusters per plant, pods per plant, pod
length, seeds per pod and 100 seed weight were strongly
associated with seed yield. Path coefficient analysis revealed that
100 seed weight, days to maturity, days to 50 per cent flowering,
pod length and seeds per pod had high positive direct effect on
seed yield. It is inferred that for improving seed yield in
pigeonpea, due emphasis should be given on characters viz.,
branches per plant, clusters per plant, pods per plant, seeds per
plant and 100 seedweight.

Linge et al. (2010) studied that grain yield was
found to be positively and significantly correlated with all
characters except for percent pod damage where the association
was negative and significant. It indicated that these characters
are useful for taking themas the basis of selection for high yield.
2.2.2 Genetic variability

Joshi (1973) noticed a wide range of variability
in seed yield per plant, seeds per pod, pod length and plant
height.

Rathnaswamy et al. (1973) noticed significant
varietal differences in pigeonpea for all the traits studied. They
found a wide range of variation for the different plant characters
viz., plant height, branches per plant, weight of pods, seeds per
pod and days to flowering. The GCV estimates were high for
clusters, seeds weight of pods, branches per plant, plant height
and days to flower, however, the estimates were low for days to
maturity.

Chandra et al. (1975) also reported sufficient
genetic variation for yield and other characters. Highest
phenotypic variability was noticed for clusters per five branches
followed by pods per plant andyieldper plant.

Wagh (1976) have studied 79 genotypes and
noticedsufficient variation for various characters. He reported
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that, higher heritable variation for days to 50% flowering,
number of secondarybranches, leaf area and 100 grainweight.

Malhotra and Sodhi (1977) observed significant
differences among the genotypes for all characters under study.
GCV was highest for branches per plant followed by grain yield,
cluster number and podnumber per plant.

Singh and Srivastav (1977) noticed that,
maximum GCV for number of secondary branches followed by
yield and 100 grainweight.

Sheldrake and Narayanan (1979) reported that,
harvest index of pigeonpea was low and ranges between 25-30
%.

Awatade et al. (1980b) reported significant variation
for 7 yield components among F2 and F3 progenies of 12 crosses
involving pigeonpea. They also observed that phenotypic
coefficient of variation was generally greater than genotypic
coefficient of variation for the characters studied.

Bainiwal et al. (1981) reported the maximum
variability for secondary branches followed by primary branches
and seedyield in pigeonpea.

Shoran (1983) noticed higher phenotypic
variability for all the characters except seeds per pod. High
estimates of GCV were obtained for pods per plant, days to
maturity, plant height and days to flowering.

Dumbre and Deshmukh (1983) also reported
that estimates of GCV were high for grain yield, number of
primary branches andpods per plant.

Balyan and Sudhakar (1985) studied the nature
of genetic variability and noticed that primary and secondary
branches, pods per plant, 100 seed weight and yield per plot
exhibited highestimates of GCVand PCV.

Sidhu et al. (1985) showed that, genetic
variability was highest for number of pods per plant and the
lowest for number of seeds per pod.
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Bhongale and Raut (1987) reported highest GCV
for yieldper plant followedbynumber of pods.

Natarajan et al. (1990) noticed the highest GCV
for number of pods followed by number of clusters and seed
yield, while it was the lowest for seeds per pod.

Khapre et al. (1993) noticed that, traits like
height, pods per plant, grain yield per plant and harvest index
had highGCV and PCV estimates.

Salunke (1994) observed sufficient variability
among 54 genotypes of early pigeonpea. He observed that,
estimates of GCV were lowas compared to PC.

Singh and Gumber (1996) reported that, the
analysis of variance showed significant differences for all the
traits studied in each generation viz., parental, F1, F2 and back
cross generations inpigeonpea.

Thombare (1997) noticed that, GCV as well as
PCV were the highest for the number of secondary branches per
plant followed by 100 grain weight, number of primary branches
per plant, days to 50%flowering and plant spread and were the
lowest for number of seeds per pod. The values of GCV and PCV
were also higher for plant height and number of pods per plant.

Pande et al. (2006) observed and categorized the
improved pigeonpea genotypes on the basis of incidence of
diseases (SM and Phytopthora blight) as resistant (=10%
incidence), moderately resistant (10.1� 20.0%), moderately
susceptible (20.1-40.0%), and susceptible (40.1� 100%). Also
reported the reaction of pigeonpea genotypes to Phytophthora
blight (PB), wilt and sterility mosaic (SM).

Sreelakshmi et al. (2010) studied for genetic
divergence using Mahalanobis D2 statistic indicated wider
genetic diversity. Considerable variability was observed for days
to 50%flowering, days to maturity, plant height, number of pods
per plant and seedyield due tonon-linear pooled deviation.
2.3 Path analysis
Veerswamy et al. (1973) observed the maximum influence of
number of branches on the seed yield directly.
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that, the days to first floweringhad a direct negative influence on
seed yield. The number of clusters and pods per plant did not
have much direct influence on the yield but they had indirect
influence.

Pokale and Mohatkar (1975) observed that, pod
number had a higher direct effect on grain yield that its
correlation with yield and it was the major yield determining in
pigeonpea. It also directly affected through plant height, 100
seed weight and number of primary branches per plant.

Ram et al. (1976) revealed that, number of
primary branches, clusters per plant and pods per cluster had
both direct and indirect effects on grain yield inpigeonpea. Plant
height contributed indirectly to the yield as its direct effect was
negative.

Pods per plant were given maximum weightage
in selection of high yielding genotypes in pigeonpea by Sharma
and Asawa (1977). The study revealed that, the characters like
days to flowering, primary and secondary branches did not have
effects independentlybut mainly through pods per plant.

Awatade et al. (1980b) reported that, the number
of clusters per plant and 100 seed weight did have direct effects
on yield in pigeonpea both at genotypic and phenotypic levels.
However, days to maturity and seeds per pod had a slight direct
effect onyield.

Ahuja et al. (1981) observed that, significant
positive correlation of plant height with yield in pigeonpea was
mainly due to indirect effects via number of pods per plant. Pods
per plant were the most important character followed by seed
size. Seeds per pod were observed to have a direct high negative
effect on yield which was countered by indirect effect via seed
size. Plant height and days to maturity had positive correlation
with yield due to the indirect effects of pods per plant through
productive branches. Malik et al. (1981) reported that,
the characters like days to maturity, plant spread, clusters per
plant and pods
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alsonoticed that, the days to first flowering had a direct negative
influence on seed yield. The number of clusters and pods per
plant did not have much direct influence on the yield but they
had indirect influence.

Pokale and Mohatkar (1975) observed that, pod
number had a higher direct effect on grain yield that its
correlation with yield and it was the major yield determining in
pigeonpea. It also directly affected through plant height, 100
seed weight and number of primary branches per plant.

Ram et al. (1976) revealed that, number of
primary branches, clusters per plant and pods per cluster had
both direct and indirect effects on grain yield inpigeonpea. Plant
height contributed indirectly to the yield as its direct effect was
negative.

Pods per plant were given maximum weightage
in selection of high yielding genotypes in pigeonpea by Sharma
and Asawa (1977). The study revealed that, the characters like
days to flowering, primary and secondary branches did not have
effects independentlybut mainly through pods per plant.

Awatade et al. (1980b) reported that, the number
of clusters per plant and 100 seed weight did have direct effects
on yield in pigeonpea both at genotypic and phenotypic levels.
However, days to maturity and seeds per pod had a slight direct
effect onyield.

Ahuja et al. (1981) observed that, significant
positive correlation of plant height with yield in pigeonpea was
mainly due to indirect effects via number of pods per plant. Pods
per plant were the most important character followed by seed
size. Seeds per pod were observed to have a direct high negative
effect on yield which was countered by indirect effect via seed
size. Plant height and days to maturity had positive correlation
with yield due to the indirect effects of pods per plant through
productive branches. Malik et al. (1981) reported that,
the characters like days to maturity, plant spread, clusters per
plant and pods
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noticed that, the days to first flowering had a direct negative
influence on seed yield. The number of clusters and pods per
plant did not have much direct influence on the yield but they
had indirect influence.

Pokale and Mohatkar (1975) observed that, pod
number had a higher direct effect on grain yield that its
correlation with yield and it was the major yield determining in
pigeonpea. It also directly affected through plant height, 100
seed weight and number of primary branches per plant.

Ram et al. (1976) revealed that, number of
primary branches, clusters per plant and pods per cluster had
both direct and indirect effects on grain yield inpigeonpea. Plant
height contributed indirectly to the yield as its direct effect was
negative.

Pods per plant were given maximum weightage
in selection of high yielding genotypes in pigeonpea by Sharma
and Asawa (1977). The study revealed that, the characters like
days to flowering, primary and secondary branches did not have
effects independentlybut mainly through pods per plant.

Awatade et al. (1980b) reported that, the number
of clusters per plant and 100 seed weight did have direct effects
on yield in pigeonpea both at genotypic and phenotypic levels.
However, days to maturity and seeds per pod had a slight direct
effect onyield.

Ahuja et al. (1981) observed that, significant
positive correlation of plant height with yield in pigeonpea was
mainly due to indirect effects via number of pods per plant. Pods
per plant were the most important character followed by seed
size. Seeds per pod were observed to have a direct high negative
effect on yield which was countered by indirect effect via seed
size. Plant height and days to maturity had positive correlation
with yield due to the indirect effects of pods per plant through
productive branches. Malik et al. (1981) reported that,
the characters like days to maturity, plant spread, clusters per
plant and pods
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They also noticed that, the days to first flowering had a direct
negative influence on seed yield. The number of clusters and
pods per plant did not have much direct influence on the yield
but they hadindirect influence.

Pokale and Mohatkar (1975) observed that, pod
number had a higher direct effect on grain yield that its
correlation with yield and it was the major yield determining in
pigeonpea. It also directly affected through plant height, 100
seed weight and number of primary branches per plant.

Ram et al. (1976) revealed that, number of
primary branches, clusters per plant and pods per cluster had
both direct and indirect effects on grain yield inpigeonpea. Plant
height contributed indirectly to the yield as its direct effect was
negative.

Pods per plant were given maximum weightage
in selection of high yielding genotypes in pigeonpea by Sharma
and Asawa (1977). The study revealed that, the characters like
days to flowering, primary and secondary branches did not have
effects independentlybut mainly through pods per plant.

Awatade et al. (1980b) reported that, the number
of clusters per plant and 100 seed weight did have direct effects
on yield in pigeonpea both at genotypic and phenotypic levels.
However, days to maturity and seeds per pod had a slight direct
effect onyield.

Ahuja et al. (1981) observed that, significant
positive correlation of plant height with yield in pigeonpea was
mainly due to indirect effects via number of pods per plant. Pods
per plant were the most important character followed by seed
size. Seeds per pod were observed to have a direct high negative
effect on yield which was countered by indirect effect via seed
size. Plant height and days to maturity had positive correlation
with yield due to the indirect effects of pods per plant through
productive branches.

Malik et al. (1981) reported that, the characters
like days to maturity, plant spread, clusters per plant and pods
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per plant as the major factors contributing towards seed yield in
pigeonpea. They have stated that, the selection based on these
attributes wouldbe most advantageous inpigeonpea.

High direct and indirect effects of days to
maturity, pods per plant, seeds per pod and 100 seed weight on
the yield per plot of pigeonpea were observed by Balyan and
Sudhakar (1985). They observed that, plant height, primary and
secondarybranches hadhighdirect andindirect contributions to
pods per plant. This revealed that these traits may be used for
yield improvement inpigeonpea.

Dumbre and Deshmukh (1985) reported that,
characters viz., pods per plant and 100 grain weight were the
only direct components and days to flowering and plant height
were the developmental components in pigeonpea.

Malik et al. (1987) observed that, the days to
flowering had a high and positive direct effect on grain yield of
pigeonpea. They observed that, the pods per plant had a low
direct but high indirect effect on yield which revealed a high
positive genotypic correlationwithyield.

Marekar and Nerkar (1987) reported that, the
grain yield in pigeonpea was positively and directly affected by
the traits like days to first flowering, days to maturity, plant
height and pods per plant. Biomass and harvest index were
having the greatest positive direct effect.

Patel et al. (1988) observed that, the seed yield
in pigeonpea was strongly associated withplant height, branches
and pods per plant at genotypic level. These characters were
reported to have the greatest direct effect on seed yield. Days to
maturity were observed to be moderately associated with seed
yield and hence, these characters were emphasized for inclusion
inyield improvement programme.

Raut and Bhongale (1988) reported that, the
characters like days to 50% flowering, pod weight, pod length
had direct effect onseed yield inpigeonpea.
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Patil et al. (1989) conducted a path analysis
study in pigeonpea and concluded that the characters like seeds
per pod, days to flower, 100 seed weight, number of branches
per plant and pods per plant should be given greater emphasis
while selecting highyielding genotypes.

Khapre et al. (1993) observed that, the harvest
index had the highest direct effect on yield of pigeonpea followed
by pods per plant, plant height and days to 50%flowering. These
characters therefore, should be given weightage while selecting
for high yieldingstrains.

Salunke (1994) observed that, the characters
like days to 50% flowering, days to maturity, plant height,
number of pods per plant and 100 grain weight had positive
direct effects ongrainyield in pigeonpea.

Dahat et al. (1995) reported the direct
contribution of number of primary and secondary branches and
number of pods per plant to the yield both in sole crops as well
as in intercrop of pigeonpea. In addition to these characters,
days 50% flowering in sole crop and plant height and number of
seeds per pod in intercrop showed direct contribution towards
grainyield.

Paul et al. (1996) noticed that, pods per plant
had highest direct effect on seed yield, followed by dry matter at
maturity and 100 seedweight inpigeonpea.

Aher et al. (1997) based on path analysis in
pigeonpea concluded that, the characters like viz., days to
maturity, plant spread, number of pods per plant, number of
seeds per pod and 100 grain weight may be of merit while
making selection for developing high yielding genotypes in
pigeonpea.

Thombare (1997) observed that, the characters
such as plant spread, days to 50% flowering, days to maturity,
number of sees per pod, 100 seed weight and number of
secondary branches per plant had positive direct effects ongrain
yield inpigeonpea.
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Through the path analysis studies in pigeonpea
Srinivas et al. (1999) concludedthat, pods per plant, plant height
and secondary branches per plant to be the major contributors
for seed yield.

Singh et al. (1999) carried out path coefficient
analysis in pigeonpea and reported that, pods per plant had the
highest positive direct effect on grain yield followed by 100 grain
weight, number of grains per pod and days to 50%flowering. The
direct effects of the remaining characters on grain yield were
negative and of lowmagnitudes. 100 grainweight and number of
grains per pod had no correlationwithgrain yield per plant.

Sawant (2001) reported that, number of pods
per plant, plant spread, 100 grain weight and days to 50%
flowering had high direct effect on grain yield. So these are the
most important yield contributing characters as revealed by path
analysis.

Thanki and Sawargaonkar (2010) studied path
coefficient analysis which revealed that number of pods per
plant, 100-seed weight and harvest index made maximum direct
contribution towards seed yield per plant. Correlations of
number of pods per plant andharvest index were also significant
and positive which were reflected in path analysis as high direct
effects. In addition to this, number of branches per plant and
plant height contributed indirectly via number of pods per plant
towards seed yield per plant.
2.4 Genetic diversity in pigeonpea

Bainiwal and Jatasra (1980) reported a
quantitative assessment of genetic diversity in pigeonpea for 10
characters in relation to productivity and survival. They found
that maximum divergence was due to the plant height followed
by pod length and days to flowering and also concluded that
geographic diversity did not seem to have direct association with
genetic diversity.

Asawa et al. (1981) observed a considerable
amount of genotypic diversity inpigeonpea due to seeds per pod.
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Dumbre (1981) grouped 54 genotypes of
pigeonpea into 21 clusters. He concluded that, there was no
direct relationship between genetic and geographic diversity.

Mane (1986) observed that, genetic diversity was
not necessarily related to geographic distribution. He suggested
crossing programme involving distantly related clusters to seed
yield improvement inpigeonpea.

Patel et al. (1988) grouped 40 strains of
pigeonpea into 9 clusters by using Mahalanobis D2 statistics.
Number of secondary branches per plant, pods and clusters per
plant were the maindiscriminatory traits between clusters.

Garten et al. (1989) grouped 58 genotypes of
pigeonpea into 15 clusters. They observed no relationship
between genetic diversity and geographic diversity. Henry and
Krishna (1992) and Sandhu et al. (1993) also revealed that
genetic diversitywas not always relatedto geographical diversity.

Salunke (1994) grouped 54 genotypes of early
pigeonpea into 12 clusters and suggested to undertake
hybridizationprogramme.

Sarma and Roy (1994) groped 42 genotypes into
8 clusters. They noticed that, the inter cluster distances were
greater than intra cluster distances, revealing a considerable
amount of genetic diversity among the genotypes studied.
Branches per plant, harvest index and yield per plant
contributed most to total genetic divergence.

Singh and Gumber (1996) reported that, the
parents which were not diverse, failed to produce genetic
diversity when crossed with each other. Genetically diverse
genotypes fell into different clusters. When indeterminate or semi
determinant parents were involved in a cross, sufficient amount
of genetic diversity was produced as the F1s, F2s and BCs groped
into different clusters.

Aher et al. (1998) observed that, the cluster
means showed appreciable differences for various characters
among single as well as multiple genotypic clusters. While
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selecting genotypes for hybridization from a particular cluster,
the inter cluster distance, cluster mean and per se performance
should be taken into consideration.

Wide range of genetic diversity was observed by
Thombare (1997) among the 64 genotypes studied. They were
grouped into 15 clusters. He observed that, clustering pattern
did not necessarily followgeographic distribution.

Murugan et al. (2000) groped 37 genotypes of
pigeonpea into 5 clusters. They observed significant difference
among 37 genotypes for all the characters under study.

Sawant (2001) grouped 56 genotypes into 13
clusters. He observed substantial genetic diversity among the
genotypes studied.

Sreelakshmi et al. (2010) studied for genetic
divergence using Mahalanobis D2 statistic indicated wider
genetic diversity. Considerable variability was observed for days
to 50%flowering, days to maturity, plant height, number of pods
per plant and seed yield due to non-linear pooled deviation. The
variability was low for number of primary branches per plant and
test weight. Among the 7 characters studied, seed yield
contributed the most (89.49%) towards the divergence of
genotypes followed by number of pods per plant, days to 50%
flowering and plant height. The genotypes were grouped into 8
clusters, maximum inter cluster distance being observed
between the clusters III and VII (725.69). Hence, crossing of
parents from these clusters would be desirable for combining
earliness, short plant height, more primary branches per plant
with more pod number coupled with high seed yield. The
genotypes ICPL 98008, ICPHAL 4979-2 and ICP 77303 were
identified as desirable and stable for days to maturity. Stability
parameters along with per se performance across three kharif
seasons revealed that ICPL 20036 and ICPL 20058 were stable
genotypes for seed yield and were found to be suitable for low
input cultivation while, ICPL 13198 was found suitable for input
richcultivation.
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3. MATERIAL AND METHODS
The present investigation entitled, Genetic

variability, correlation and diversity analysis in pigeonpea
[Cajanus cajan (L.) Millsp.] was conducted at Pulses
Improvement Project, MPKV, Rahuri during August 2012 to
February2013, envisagedthe studies on:

i) Genetic variability
ii) Correlationand
iii) Genetic diversitybyD2 statistics.

The details of the material used, methodadopted
and statistical analysis followed during investigation are
describedbelow:
3.1. Experimental Material:

The experimental material use for the study
consisted of 50 genotypes of pigeonpea [Cajanus cajan (L.)
Millsp.] from different geographic origins and showing
phenotypic variability for agronomic and yield characters. Seeds
of these genotypes were received from Pulses Improvement
Project, MPKV, Rahuri-413 722 (M.S.)
Table 3.1 : Pigeonpea genotypes included in the study were as
below:

Sr. No. Genotype Origin
1 PT-04-78 MPKV, Rahuri
2 PT-04-138 MPKV, Rahuri
3 PT-04-164 MPKV, Rahuri
4 PT-04-175 MPKV, Rahuri
5 PT-04-267 MPKV, Rahuri
6 PT-04-360-1 MPKV, Rahuri
7 PT-04-365 MPKV, Rahuri
8 PT-03-62 MPKV, Rahuri
9 PT-03-124 MPKV, Rahuri
10 PT-04-169 MPKV, Rahuri
11 PT-04-194 MPKV, Rahuri
12 PT-04-217 MPKV, Rahuri
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13 PT-04-221 MPKV, Rahuri
14 PT-04-230 MPKV, Rahuri
15 PT-04-259 MPKV, Rahuri
16 PT-04-261 MPKV, Rahuri
17 PT-04-264 MPKV, Rahuri
18 PT-04-292 MPKV, Rahuri
19 PT-04-312 MPKV, Rahuri
20 PT-04-316 MPKV, Rahuri
21 PT-04-321 MPKV, Rahuri
22 PT-04-329 MPKV, Rahuri
23 PT-04-336 MPKV, Rahuri
24 PT-04-356 MPKV, Rahuri
25 PT-04-373 MPKV, Rahuri
26 PT-04-378 MPKV, Rahuri
27 PT-04-382 MPKV, Rahuri
28 PT-04-386 MPKV, Rahuri
29 PT-04-391 MPKV, Rahuri
30 PT-04-257-1 MPKV, Rahuri
31 PT-04-281 MPKV, Rahuri
32 PT-04-348-2 MPKV, Rahuri
33 PT-04-415-1 MPKV, Rahuri
34 Khirpuri Local Akola
35 PT-011-6 Nandurbar
36 PT-011-14 Navapur
37 PT-011-15 Navapur
38 PT-011-16 Navapur
39 PT-011-18 Navapur
40 PT-011-21 Nandurbar
41 PT-011-23 Navapur
42 PT-011-34 Navapur
43 PT-04-212 MPKV, Rahuri
44 PT-04-343 MPKV, Rahuri
45 PT-03-129-2 MPKV, Rahuri
46 PT-04-273 MPKV, Rahuri
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47 PT-03-148 MPKV, Rahuri
48 PT-04-31 MPKV, Rahuri
49 ICPL-87(Ch.) MPKV, Rahuri
50 PT-0012(Ch.) MPKV, Rahuri

3.2. Experimental design:
Fifty genotypes were evaluated in a Randomized

Block Design with three replications at Pulses Improvement
Project, MPKV, Rahuri-413 722 (M.S.), during August 2012 to
February 2013. Each genotype was sown in single row of 3.0 m
length in each replication. Spacing of 45 cm between rows and
20 cmwithin rows was maintained.
3.3. Cultural practices:

Landselected for experiment was mediumblack.
The crop was fertilized at the rate of 25 kg N and 50 kg P2O5 per
hectare as a basal dose. One irrigation was given immediately
after sowing in order to ensure better germination and
subsequent irrigations were givenat an interval of 20-30 days.

Other cultural practices like weeding were done
manually on regular basis.
3.4. Observations recorded:
3.4.1. Days to 50% flowering:

The date on which 50 per cent of the plants in a
treatment flowered was recorded and the number of days from
actual germination to 50%flowering were calculated.
3.4.2. Days to maturity:

The stage when maximum pods of plants in a
line per plot matured was recorded and the numbers of days
from actual germination to physiological maturity were
calculated.
3.4.3. Plant height (cm):

Plant height at maturity was recorded from
groundlevel to the growing tip of the mainshoot incentimeters.
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3.4.4. Plant spread (cm):
Maximum spread of the plant was measured at

maturity.
3.4.5. Primary branches per plant:

Total number of primary branches borne on the
mainshoot of the plant were recorded at maturity.
3.4.6. Secondary branches per plant:

Total numbers of fruiting branches on the
primary branches of the plant were recorded at maturity.
3.4.7. Pods/plant:

Total numbers of matured pods on the plant
were recorded at maturity.
3.4.8. Seeds/pod:

The total numbers of filled seeds from five
randomly selected fully developed pods from the observational
plants were counted to work out the number of seeds per pod at
maturity.
3.4.9. 100 seed weight (g):

Weight of 100seed fromrandomindividual plant
was recorded.
3.4.10. Seed Yield/plant (g):

Weight of seeds harvested from individual plant
was recordedin gm.
3.4.11. Harvest index (%):

Harvest index was estimated by calculating
ratio of economic yieldto the biomass of plant.
3.4.12. Incidence of SM (sterility mosaic) (%):

Incidence of SMwas recordedat flowering stage.
3.4.13. Reaction to pod borer (%):

It was recorded at harvesting by calculating pod
damage percentage.
3.4.14. Wilt (%):

Incidence of wilt was recorded during every
growth stages.
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3.4.15. Protein content (%):
Protein content of seed was estimated by taking

100 gmseedin spectrometer proteinanalyser.
3.5. Statistical analysis:

The meanvalues of five randomlyselectedplants
for fifteen different characters were used for statistical analysis.
The following statistical parameters were calculated for
presentationof data ondifferent quantitative attributes.
3.5.1. Analysis of variance:

The data collected on individual characters were
subjected to the method of analysis of variance commonly
applicable to the Randomized Block Design (Panse and
Sukhatme, 1967). Mean values of the plants selected in each
replication were used for statistical analysis. The analysis of
variance is set out under ANOVA.
Table 3.2 : ANOVA:

Sr.
No.

Source of
variation

d. f. MSS F ratio Table value
t at 5% or
1% level

1 Replications (r-1) Mr Mr / E

2 Treatments (t-1) Ms Ms / E

3 Error (r-1)(t-1) E -

4 Total (rt-1) - -

Where,

r : Number of replications

t : Number of treatments
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3.5.2. Estimation of components of variability:
a) Mean:

The mean value for each character was worked
out byusing following formula:

X= (1/n) (n Xi)
i =1

Where,
Xi : Sumtotal of the character
n : Number of observations

b) Range:
The lowest and the highest values of mean for

eachcharacter representedthe range.
3.5.2.1 Estimation of standard error of mean, standard error
of difference and critical difference:

The SE of mean difference was calculated as
follows:
i) SEof mean [SE(m)] = 2e/r
ii) The standard error of difference between two means

was calculated as:
SEdifference =SE (m) x 2

iii) The critical difference between only two means was
calculated as:
CD= SE(d) x t 5%(at error d.f.)

3.5.2.2 Estimation of components of variation:
The phenotypic and genotypic variances were

calculated by utilizing the respective mean square values
(Johnsonet al. 1955).

i) Environmental Variance (2e) =MSe
ii) Genotypic Variance (2g) = (MSg - MSe)/r
iii) Phenotypic Variance (2p) =2g +2e

Where,
MSg : Genotypic meansumof square
MSe : Error meansumof square
r : Number of replications
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3.5.2.3 Estimation of coefficients of variation:
The genotypic and phenotypic coefficients of

variation were calculatedby following Burtonand Devane (1953).
i) Genotypic coefficient of variation (GCV):

GCV = 2g/ Xx100
Where,

2g : Genotypic variance

X : General meanof the characters
ii) Phenotypic coefficient of variation (PCV):

PCV = 2p /Xx 100
Where,

2p : Phenotypic variance
X : General meanof the characters

3.5.2.4 Estimation of Heritability (Per cent):
Heritability (broad sense) was calculated

according to the method suggested by Hanson et al., (1956) for
eachcharacter as:

Ã2g
Heritability (b. s.) = x 100

Ã2p
Where,

Ã2g : Genotypic variance
Ã2p : Phenotypic variance

3.5.2.5 Genetic advance:
Genetic advance was calculated by the formula

suggested by Johnsonet al. (1955).
G.A. = (2g /2p) x px K or
G.A. =K xh2 (b. s.) x p

GA
G.A. as percentage of mean= x 100

X

24

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

Where,
2g : Genotypic variance
2p : Phenotypic variance

p: Phenotypic standard deviation
K : Selection differential at 5 per cent selection intensity

(i.e. 2.06)
h2 (bs) : Heritability broadsense
X : Mean of the character.

The range of genetic advance as per cent of
meanwas classified as suggestedbyJohnsonet al., (1955).

Less than 10% : Low
10 � 20% : Moderate
More than 20% : High

3.5.3 Correlations:
To understand the association among the

characters, genotypic and phenotypic correlation coefficients
were worked out by following Singhand Chaudhari (1977).
3.5.3.1 Phenotypic correlation coefficient (rp):

It is derivedby
Covariance (X.Y)p

rp 1.2 =
v Variance Xpx Variance Yp

Where,
rp1.2 : Phenotypic correlationbetweencharacter X

andY,
p : Phenotypic

3.5.3.2 Genotypic correlation coefficient (rg):
It is derived byas follows:

Cov (X.Y)g

rg1.2 =s

v Variance XgxVariance Yg
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Where,
rg.1.2 : Genotypic correlationbetweencharacter Xand Y
g : Genotypic

The significance of the phenotypic and genotypic
correlation coefficients were tested by t test (Panse and
Sukhatme, 1985)

t = r v (n � 2) /1 � r2

Where,
r : Correlationcoefficient
n : Total number of observations

The calculated t value was tested with table t
value for respective (n-2) degrees of freedomfor significance.

Significance of various correlation coefficient at 1 and
5 per cent level of significance were tested by Fisher and Yates
(1963) table.
3.5.4 Path coefficient analysis

To establish cause and effect relationship, the
genotypic and phenotypic correlation coefficients were
partitioned in to direct and indirect effects by path analysis as
suggested by Dewey and Lu (1959) and developed by Wright
(1921).

The second step in the path analysis is to
prepare the pathdiagrambased on cause and effect relationship.
In the present study, path diagram was prepared by taking yield
as the effect and various yield contributing characters like X1,
X2, X3 as casual factors. These components showed following
type of association with each other.

Y

R

X1

X2

X3
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In path diagram yield is the result of X1, X2, X3
and some other undefined factors designated by R. The double
arrow lines indicated natural association as measured by
correlation and the single arrows represents direct influence as
measuredby pathcoefficient Pij.

Path coefficients were obtained by solving a set
of simultaneous equations:

rny = Pny + rn2P2y +rn3P3y +&&&&&&&&..
Where,
rny : represents the correlationbetween nth character and yield.
Pny : represents the path coefficient between the nth character
and yield,
rn2 : represents correlation between nth character and second
character.

Matrix A Matrix B

































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.

2
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3

23

13

2

22

12

1

21

11

3

2

1

n

n

nnnyr

y

y

r
r

r
r
r

r
r
r

r
r
r

r
r
r

Where,
r12 = r21 and so on and r1y represents correlation between

one component character and yield.
The B matrix was inverted [B]-1 and path coefficients (Pij)

were obtained as:
(Pij) = Ax [B]-1

The indirect effect of a particular character
throughother characters was obtained by multiplicationof direct
paths and particular correlation coefficient between the
characters separately.

Indirect effect =rij xPij
Where,

i : 1to9
j : 1to10
Pij : P1y.P2y&&. Pny
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Path coefficients (Pij), correlation coefficient (rij)
and residual factors (R) were diagrammatically presented. The
residual factor, i.e. variation in yield uncounted for by these
associations, was calculatedfromthe following formula.
Residual factor (R) = )1( 2R
Where,

R2 =P1y.r1y +P2y.r2y +P3y.r3y +&&..+Pny.rny
Where,

P1y, P2y&&&&&&. Pny =Pathvalues
r1y, r2y&&&&&&. rny = Correlationcoefficients.

3.5.5 Genetic diversity
D2 analysis

The analysis of divergence was carried out by D2

statistics of Mahalanobis (1928, 1936) as described by Rao
(1952). Analysis of variance for individual characters studied was
worked out as per Random Block Design to test the significance
among genotypes. The characters exhibiting significant
differences were only usedfor further analysis of D2 statistic. The
analysis of covariance for character pairs, based on plot averages
was carriedout (CochranandCox, 1957).
a) Wilk s criteria

After testing for differences from population, a
simultaneous test of significance of difference in the meanvalues
of a number of correlated variables with regard to the pooled
effect of fifteen characters considered together was carried out
using Wilks criteria (Wilk, 1932) which was estimated using the
relationship.

|E|

 = ------------------
|E+V|

Where, |E| is the determinant of experimental error sum of
squares and sumof products matrixand |E+V| the determinant
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of experimental error sum of squares and sum of products plus
the population sum of squares and product matrix significance
of  was estimated by X2 as:

X2pq = V =-m.loge
Where,

(p+q+1)
m= n------------------

2
Where,
n : N1 +&&&&+NK-1= Total number of observations-1
p : Number of characters
q : K-1
K : Number of varieties
b) Mahalanobis generalized distance:

The generalized distance between two
populations is definedbyMahalanobis (1936) as:

D2= D2= ?? » i.j. di. dj.
Where,

»i.j : Reciprocal matrix to the commondispersion
matrix

di : Difference between the mean values of two
population for ith character

dj : Difference between the mean values of the two
populations for the jthcharacter.

c) Computation of D2 values
For each combination, mean deviation i.e.

21
ii YY  with i=1, 2, &&p, was computed and the D2 was

calculated as sum of the squares of these deviations i.e.
221 )( ii YY  .

d) Determination of population constellations
No rules can be laid down for finding the clusters because
cluster is not a well defined term. The only criteria appears to be
that, any two genotypes belonging tothe same clusters should be
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same clusters should be at least, on an average show a smaller
D2 values thanthose belonging to two different clusters.

A simple method suggested by Tocher (Rao,
1952) for cluster formation is to start with two closely related
genotypes and find a third genotype which had the smaller
average D2 value fromthe first two. Similarly the fourth genotype
is chosen to have the smaller average D2 value from the first
three and so on. While proceeding further for the cluster
formation, if at any stage, the average D2 value of a genotype
appears to be high than those already listed, then this genotype
does not fit in that former group and taken to be outside of that
cluster. The varieties included in the first cluster are then
omittedand the rests are treated similarly to formnext cluster.
e) Average intra cluster distances

The intra cluster distances were calculatedas:
D2i/n

Where, D2i : sumof distance between all possible combinations
of (n) genotype includedin cluster.
n : number of genotypes included ina cluster.

f) Average inter cluster distance
The procedure followed for calculating the inter

cluster distances was first to measure the distance between
cluster I and II, between I and III, between I and IV and so on,
likewise the clusters were one by one and the distance from
other clusters were calculated. The average inter cluster
distances were thencalculated as:

D2i /(ninj)
Where,

ni : Number of genotypes in cluster i and
nj : Number of populations in cluster j

The intra and inter cluster distances (D) values
were obtained by taking square root of average D2 values of the
respective genotypes.
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g) Cluster diagram
With the help of D values between the clusters,

a diagram showing the relationships between different genotypes
was drawn.
3.5.5.1 Genetic diversity as an index for selecting desirable

parents for hybridization
The possible limits to parental divergence within

which there were reasonably high chances for occurrence of
heterosis were calculated following Arunachalam and
Bandiopadhyay (1984). They advised to delineate the divergence
among parents into four divergence classes. To take into account
the variable magnitude of variation in parental divergence, the
mean (m) and standard deviation (s) of the values of divergence
were calculated. The divergence classes were definedas follows:

DC1 = D>or =m+s
DC2 = D< (m+s) and >or =m
DC3 = D>or = (m-s) and< m
DC4 = D> (m-s)

They postulated that two parents whose genetic
divergence falls between (m-s) and (m+s) i.e. in the classes DC2
and DC3 when crossed have higher chances of producing high
frequency and magnitude of heterosis when compared to a cross
whose parental divergence fall outside the limits [(m-s), (m+s)].
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Table4.9:

Clusters5dt

characters
studiedin

pigeonpea
Cluster

Daysto 50% flowering
Daysto

maturity
Plant height (cm)

Plant spread (cm)
Primary branches /plant

Secondary branches /plant
Pods/plantSeeds /podSeedyield /plant (g)

100seedwt.(g)

Incidence ofSM(%)

Wilt(%)Reaction topodborer(%)

Harvest index (%)
Protein content (%)

I78.82136.45153.4335.959.3912.94156.574.0633.5210.490.008.5213.6929.4818.22 II75.37135.52120.825.328.577.78100.73.5420.710.140.349.1615.6229.2519.05 III71.9130.04127.1930.828.4411.79194.173.7144.0610.220.0035.8410.5432.518.72
IV79.27146.2171.6360.35.5714.6156.134.0728.810.470.000.0017.324.618.47 V97.27157.47182.348.576.3712.57154.54.2330.479.170.007.4317.7732.1718.4 VI85.79148.6181.955.5610.4811.18158.093.4627.5610.90.7513.1815.2126.2117.86
VII108.27169.4143.8735.47.318114.773.6731.57.30.007.2719.5334.4718.12 VIII78.37138.71145.0736.6812.7313.99193.363.9935.3311.3613.558.4612.3829.4918.45 IX65.1112.2791.7317.677.474.4664.077.138.670.000.0019.4732.9719.43
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Table4.9:

Clusters5dit
characters

studiedin

pigeonpea
Cluster

Daysto50%flowering
Daysto maturity

Plant height(cm)
Plant spread (cm)

Primary branches /plant
Secondary branches /plant

Pods /plantSeeds /podSeedyield /plant (g)

100seedwt.(g)

Incidence ofSM(%)

Wilt(%)Reaction topodborer(%)

Harvest index (%)
Protein content (%)

I78.82136.45153.4335.959.3912.94156.574.0633.5210.490.008.5213.6929.4818.22 II75.37135.52120.825.328.577.78100.73.5420.710.140.349.1615.6229.2519.05 III71.9130.04127.1930.828.4411.79194.173.7144.0610.220.0035.8410.5432.518.72
IV79.27146.2171.6360.35.5714.6156.134.0728.810.470.000.0017.324.618.47 V97.27157.47182.348.576.3712.57154.54.2330.479.170.007.4317.7732.1718.4 VI85.79148.6181.955.5610.4811.18158.093.4627.5610.90.7513.1815.2126.2117.86 VII108.27169.4143.8735.47.318114.773.6731.57.30.007.2719.5334.4718.12

VIII78.37138.71145.0736.6812.7313.99193.363.9935.3311.3613.558.4612.3829.4918.45 IX65.1112.2791.7317.677.474.4664.077.138.670.000.0019.4732.9719.43
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Table4.9:
Clusters5dift characters
studiedin
pigeonpea Cluster

Daysto 50% flowering
Daystomaturity

Plant height(cm)
Plant spread (cm)

Primary branches /plant
Secondary branches /plant

Pods /plantSeeds /podSeedyield /plant (g)

100seedwt.(g)

Incidence ofSM(%)

Wilt(%)Reaction topod borer(%)

Harvest index(%)
Protein content (%)

I78.82136.45153.4335.959.3912.94156.574.0633.5210.490.008.5213.6929.4818.22 II75.37135.52120.825.328.577.78100.73.5420.710.140.349.1615.6229.2519.05 III71.9130.04127.1930.828.4411.79194.173.7144.0610.220.0035.8410.5432.518.72 IV79.27146.2171.6360.35.5714.6156.134.0728.810.470.000.0017.324.618.47
V97.27157.47182.348.576.3712.57154.54.2330.479.170.007.4317.7732.1718.4 VI85.79148.6181.955.5610.4811.18158.093.4627.5610.90.7513.1815.2126.2117.86 VII108.27169.4143.8735.47.318114.773.6731.57.30.007.2719.5334.4718.12

VIII78.37138.71145.0736.6812.7313.99193.363.9935.3311.3613.558.4612.3829.4918.45 IX65.1112.2791.7317.677.474.4664.077.138.670.000.0019.4732.9719.43
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Table4.9:
Clusters5difft characters
studiedin
pigeonpea Cluster

Daysto 50% flowering
Daysto maturity

Plantheight (cm)
Plant spread(cm)

Primary branches /plant
Secondary branches /plant

Pods /plantSeeds /podSeedyield/plant (g)

100seedwt. (g)

Incidence of SM(%)

Wilt(%)Reaction topod borer(%)

Harvest index(%)
Protein content (%)

I78.82136.45153.4335.959.3912.94156.574.0633.5210.490.008.5213.6929.4818.22 II75.37135.52120.825.328.577.78100.73.5420.710.140.349.1615.6229.2519.05 III71.9130.04127.1930.828.4411.79194.173.7144.0610.220.0035.8410.5432.518.72 IV79.27146.2171.6360.35.5714.6156.134.0728.810.470.000.0017.324.618.47
V97.27157.47182.348.576.3712.57154.54.2330.479.170.007.4317.7732.1718.4 VI85.79148.6181.955.5610.4811.18158.093.4627.5610.90.7513.1815.2126.2117.86 VII108.27169.4143.8735.47.318114.773.6731.57.30.007.2719.5334.4718.12

VIII78.37138.71145.0736.6812.7313.99193.363.9935.3311.3613.558.4612.3829.4918.45 IX65.1112.2791.7317.677.474.4664.077.138.670.000.0019.4732.9719.43
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Table4.9:
Clusters5diffet characters
studiedin pigeonpea
Cluster

Daysto 50%flowering
Daysto

maturity
Plant height (cm)

Plant spread (cm)
Primary branches /plant

Secondary branches /plantPods /plantSeeds /podSeedyield/plant (g)

100seedwt. (g)

Incidence of SM(%)

Wilt(%)Reaction topod borer(%)

Harvest index(%)
Protein content (%)

I78.82136.45153.4335.959.3912.94156.574.0633.5210.490.008.5213.6929.4818.22 II75.37135.52120.825.328.577.78100.73.5420.710.140.349.1615.6229.2519.05 III71.9130.04127.1930.828.4411.79194.173.7144.0610.220.0035.8410.5432.518.72 IV79.27146.2171.6360.35.5714.6156.134.0728.810.470.000.0017.324.618.47
V97.27157.47182.348.576.3712.57154.54.2330.479.170.007.4317.7732.1718.4 VI85.79148.6181.955.5610.4811.18158.093.4627.5610.90.7513.1815.2126.2117.86 VII108.27169.4143.8735.47.318114.773.6731.57.30.007.2719.5334.4718.12 VIII78.37138.71145.0736.6812.7313.99193.363.9935.3311.3613.558.4612.3829.4918.45
IX65.1112.2791.7317.677.474.4664.077.138.670.000.0019.4732.9719.43

59

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

Table4.9:
Clusters5differt characters
studiedin pigeonpea Cluster

Daysto 50% flowering
Daystomaturity

Plant height(cm)
Plant spread (cm)

Primary branches /plant
Secondary branches /plantPods /plantSeeds /podSeedyield/plant (g)

100seedwt.(g)

Incidence ofSM(%)

Wilt(%)Reaction topod borer(%)

Harvest index(%)
Protein content(%)

I78.82136.45153.4335.959.3912.94156.574.0633.5210.490.008.5213.6929.4818.22
II75.37135.52120.825.328.577.78100.73.5420.710.140.349.1615.6229.2519.05 III71.9130.04127.1930.828.4411.79194.173.7144.0610.220.0035.8410.5432.518.72 IV79.27146.2171.6360.35.5714.6156.134.0728.810.470.000.0017.324.618.47 V97.27157.47182.348.576.3712.57154.54.2330.479.170.007.4317.7732.1718.4
VI85.79148.6181.955.5610.4811.18158.093.4627.5610.90.7513.1815.2126.2117.86 VII108.27169.4143.8735.47.318114.773.6731.57.30.007.2719.5334.4718.12 VIII78.37138.71145.0736.6812.7313.99193.363.9935.3311.3613.558.4612.3829.4918.45 IX65.1112.2791.7317.677.474.4664.077.138.670.000.0019.4732.9719.43
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Table4.9:
Clusters5differet characters
studiedin pigeonpea Cluster

Daysto 50% flowering
Daysto maturity

Plant height(cm)
Plant spread (cm)

Primary branches /plant
Secondary branches /plantPods /plantSeeds /podSeedyield/plant(g)

100seedwt.(g)
Incidence ofSM(%)

Wilt(%)Reaction topod borer(%)
Harvest index(%)

Protein content(%)

I78.82136.45153.4335.959.3912.94156.574.0633.5210.490.008.5213.6929.4818.22
II75.37135.52120.825.328.577.78100.73.5420.710.140.349.1615.6229.2519.05 III71.9130.04127.1930.828.4411.79194.173.7144.0610.220.0035.8410.5432.518.72 IV79.27146.2171.6360.35.5714.6156.134.0728.810.470.000.0017.324.618.47 V97.27157.47182.348.576.3712.57154.54.2330.479.170.007.4317.7732.1718.4 VI85.79148.6181.955.5610.4811.18158.093.4627.5610.90.7513.1815.2126.2117.86
VII108.27169.4143.8735.47.318114.773.6731.57.30.007.2719.5334.4718.12 VIII78.37138.71145.0736.6812.7313.99193.363.9935.3311.3613.558.4612.3829.4918.45 IX65.1112.2791.7317.677.474.4664.077.138.670.000.0019.4732.9719.43
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Table4.9:
Clusters5different characters
studiedin pigeonpea Cluster

Daysto 50% flowering
Daysto maturity
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Clusterms
for15 different
characters studiedin
pigeonpea Cluster

Daysto 50% flowering
Daystomaturity

Plant height (cm)
Plant spread (cm)

Primary branches /plant
Secondary branches /plant

Pods/plantSeeds/podSeedyield /plant (g)

100seedwt.(g)

Incidence ofSM(%)

Wilt(%)Reaction topod borer(%)

Harvest index(%)
Protein content(%)

I78.82136.45153.4335.959.3912.94156.574.0633.5210.490.008.5213.6929.4818.22 II75.37135.52120.825.328.577.78100.73.5420.710.140.349.1615.6229.2519.05
III71.9130.04127.1930.828.4411.79194.173.7144.0610.220.0035.8410.5432.518.72 IV79.27146.2171.6360.35.5714.6156.134.0728.810.470.000.0017.324.618.47 V97.27157.47182.348.576.3712.57154.54.2330.479.170.007.4317.7732.1718.4
VI85.79148.6181.955.5610.4811.18158.093.4627.5610.90.7513.1815.2126.2117.86 VII108.27169.4143.8735.47.318114.773.6731.57.30.007.2719.5334.4718.12 VIII78.37138.71145.0736.6812.7313.99193.363.9935.3311.3613.558.4612.3829.4918.45
IX65.1112.2791.7317.677.474.4664.077.138.670.000.0019.4732.9719.43

59

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

Table4.9:
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Table4.9:
Clustermeas
for15 different
characters studiedin
pigeonpea Cluster
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Table4.9:
Clustermeans
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characters studiedin
pigeonpea Cluster

Daysto 50% flowering
Daysto maturity

Plantheight (cm)
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Table4.9:
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Reaction
topod
borer

(%)

Harvest
index
(%)

Protein
content

(%)

I78.82136.45153.4335.959.3912.94156.574.0633.5210.490.008.5213.6929.4818.22
II75.37135.52120.825.328.577.78100.73.5420.710.140.349.1615.6229.2519.05
III71.9130.04127.1930.828.4411.79194.173.7144.0610.220.0035.8410.5432.518.72
IV79.27146.2171.6360.35.5714.6156.134.0728.810.470.000.0017.324.618.47
V97.27157.47182.348.576.3712.57154.54.2330.479.170.007.4317.7732.1718.4
VI85.79148.6181.955.5610.4811.18158.093.4627.5610.90.7513.1815.2126.2117.86
VII108.27169.4143.8735.47.318114.773.6731.57.30.007.2719.5334.4718.12
VIII78.37138.71145.0736.6812.7313.99193.363.9935.3311.3613.558.4612.3829.4918.45
IX65.1112.2791.7317.677.474.4664.077.138.670.000.0019.4732.9719.43

59

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

Table4.9:Clustermeansfor15different

charactersstudiedinpigeonpea

ClusterDaysto
50% flowering

Days
to maturity

Plant
height (cm)

Plant
spread (cm)

Primary
branches /plant

Secondary branches /plant
Pods

/plant
Seeds
/pod

Seed
yield/plant(g)

100
seedwt.(g)

Incidence
ofSM(%)

Wilt
(%)

Reaction
topod borer(%)

Harvest
index (%)

Protein
content (%)
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Table4.9:Clustermeansfor15different

charactersstudiedinpigeonpea
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Plant spread
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Protein content
(%)

I78.82136.45153.4335.959.3912.94156.574.0633.5210.490.008.5213.6929.4818.22 II75.37135.52120.825.328.577.78100.73.5420.710.140.349.1615.6229.2519.05 III71.9130.04127.1930.828.4411.79194.173.7144.0610.220.0035.8410.5432.518.72
IV79.27146.2171.6360.35.5714.6156.134.0728.810.470.000.0017.324.618.47 V97.27157.47182.348.576.3712.57154.54.2330.479.170.007.4317.7732.1718.4
VI85.79148.6181.955.5610.4811.18158.093.4627.5610.90.7513.1815.2126.2117.86 VII108.27169.4143.8735.47.318114.773.6731.57.30.007.2719.5334.4718.12
VIII78.37138.71145.0736.6812.7313.99193.363.9935.3311.3613.558.4612.3829.4918.45 IX65.1112.2791.7317.677.474.4664.077.138.670.000.0019.4732.9719.43

59

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

Table4.9:Clustermeansfor15different

charactersstudiedinpigeonpea

ClusterDaysto 50%
flowering

Daysto
maturity

Plant height
(cm)

Plant spread
(cm)

Primary branches
/plant

Secondary branches /plant
Pods /plantSeeds /podSeedyield

/plant(g)

100seed
wt.(g)

Incidence of
SM(%)

Wilt(%)Reaction topod
borer(%)

Harvest index
(%)

Protein content
(%)

I78.82136.45153.4335.959.3912.94156.574.0633.5210.490.008.5213.6929.4818.22 II75.37135.52120.825.328.577.78100.73.5420.710.140.349.1615.6229.2519.05 III71.9130.04127.1930.828.4411.79194.173.7144.0610.220.0035.8410.5432.518.72
IV79.27146.2171.6360.35.5714.6156.134.0728.810.470.000.0017.324.618.47 V97.27157.47182.348.576.3712.57154.54.2330.479.170.007.4317.7732.1718.4
VI85.79148.6181.955.5610.4811.18158.093.4627.5610.90.7513.1815.2126.2117.86 VII108.27169.4143.8735.47.318114.773.6731.57.30.007.2719.5334.4718.12
VIII78.37138.71145.0736.6812.7313.99193.363.9935.3311.3613.558.4612.3829.4918.45 IX65.1112.2791.7317.677.474.4664.077.138.670.000.0019.4732.9719.43

59

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

Table4.9:Clustermeansfor15different

charactersstudiedinpigeonpea

ClusterDaysto 50%
flowering

Daysto
maturity

Plant height
(cm)

Plant spread
(cm)

Primary branches
/plant

Secondary branches /plant
Pods /plantSeeds /podSeedyield

/plant(g)

100seed
wt.(g)

Incidence of
SM(%)

Wilt(%)Reaction topod
borer(%)

Harvest index
(%)

Protein content
(%)

I78.82136.45153.4335.959.3912.94156.574.0633.5210.490.008.5213.6929.4818.22 II75.37135.52120.825.328.577.78100.73.5420.710.140.349.1615.6229.2519.05 III71.9130.04127.1930.828.4411.79194.173.7144.0610.220.0035.8410.5432.518.72
IV79.27146.2171.6360.35.5714.6156.134.0728.810.470.000.0017.324.618.47 V97.27157.47182.348.576.3712.57154.54.2330.479.170.007.4317.7732.1718.4
VI85.79148.6181.955.5610.4811.18158.093.4627.5610.90.7513.1815.2126.2117.86 VII108.27169.4143.8735.47.318114.773.6731.57.30.007.2719.5334.4718.12
VIII78.37138.71145.0736.6812.7313.99193.363.9935.3311.3613.558.4612.3829.4918.45 IX65.1112.2791.7317.677.474.4664.077.138.670.000.0019.4732.9719.43

59

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

60

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

4.4.5Percentcontributionofcharacterstodivergence
Thepercentcontributionofvarious15

charactersunderstudytothedivergenceispresentedin
Table4.10.Considerablevariationwasfoundbetweenthe
characterstowardscontributingtothedivergence.

Themaximumpercentcontributionto
divergencewascontributedbythecharacterplantheight
(55.67%),whichwasrankedas682;followedbyincidence
ofsterilitymosaic(11.51%),rankedas141;followedby
daysto50%flowering(8.33%),rankedas102;then,wilt

percentage(8.16%),rankedas100andprimarybranches
perplant(7.51%),whichwasplacedatrank92.

Theminimumpercentcontributionto
divergencewascontributedbythecharacterprotein

content(0.00%),reactiontopodborer(0.00%)andseeds
perpod(0.00%),whichwererankedas00;followedby100

seedweight(0.24%),rankedas3;followedbyseedyield
perplant(0.33%),rankedas4;then,harvestindex(0.65
%),rankedas8anddaystomaturity(0.98%),rankedas
12.
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Table4.10:Percentcontributionofvarious
characterstodivergenceinpigeonpea

Sr.No.SourceTimes
Ranked
1st

Contribution
%

1Daysto50%

flowering

1028.33%

2Daystomaturity120.98%

3Plantheight(cm)68255.67%

4Plantspread(cm)191.55%

5Primary
branches/plant

927.51%

6Secondary

branches/plant

181.47%

7Pods/plant443.59%

8Seeds/pod0.000.00%

9Seedyield/plant(g)40.33%

10100seedwt.(g)30.24%

11IncidenceofSM(%)14111.51%

12Wilt(%)1008.16%

13Reactiontopod

borer(%)

0.000.00%

14Harvestindex(%)80.65%

15Proteincontent(%)0.000.00%
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5. DISCUSSION

Plant breeding deals with the management of
genetic variability. Hence, the assessment of genetic
variability in the available germplasm is of immense
value to design a selection procedure and to identify the
superior genotypes. It is, therefore, necessary to classify
and utilize this variability systematically for genetic
upgradation of biological population. Similarly, the
assessment of magnitude and direction of association
between different yield contributing characters especially
with yield, is also useful in selecting desired genotype on
the basis of their genotypic values. Simple correlation
coefficients in the direction, are of limited value. Hence, it
is important to study the cause and effect relationship
betweenyield and its component characters.

In plant breeding, genetic diversity plays an
important role because, hybrids between lines of diverse
origin, generally, display a greater heterosis than those
between closely related patterns. D2 statistics is one of
the potent techniques of measuring genetic divergence.

In the present investigation, 50 genotypes of
pigeonpea were assessed to know the correlation among
15 characters and also the nature and extent of genetic
divergence among the genotypes as well as the
interrelationships among various seed yield components.
The results obtained are presented in chapter 4 and
discussed in this chapter.
5.1 Variability and genetic parameters
There can be little doubt that the existence of genetic
variability is advantageous to evolutionary survival of a
species. Yield improvement in any crop can be brought
through plant breeding but necessarily variability upon
whichselection is to be practiced must be available in the
genetic material. Therefore, before embarking on any
plant breeding, a plant breeder must surveyand assess
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survey and assess variability present, with respect to
yield and its attributes. The variability for a given
characters can be estimated through variance,
coefficients of variability (GCV, PCV), heritability and
genetic advance.
5.1.1 Range of variability

A wide range of variability was observed
almost for all characters studied(Table 4.3). Awide range
of variability was also observed by Rathnaswamy et al.
(1973), Chandra et al. (1975), Shoran (1983), Thombare
(1997) and Sreelakshmi et al. (2010). Presence of high
variation for all the important yield contributing
characters studied, indicating great scope to selections of
desirable types.
5.1.2 Genotypic and phenotypic coefficients of

variation
The estimates of GCV and PCV for all the

characters studied showed little differences, the later
being slightly greater than the former, thus indicating
that, the variability existing in these characters was
mainlydue to genetic factors (Table 4.3).
The estimates of genotypic as well as phenotypic
coefficients of variation in the present study were highest
for the incidence of sterility mosaic, followed by wilt
percentage, secondary branches per plant and seed yield
per plant, while GCV and PCV values were lowest for the
protein content, followed by days to maturity.
Rathnaswamy et al. (1973) observed high estimates of
GCV for the characters like clusters per plant, number of
pods per plant and plant height, while it was lowest for
days to maturity. Malhotra and Sodhi (1977) observed
highest GCV for branches per plant followed by grain
yield, cluster number and pod number per plant. Singh
and Srivastav (1977) observed maximum GCV for
number of secondarybranches followedbyyieldand 100
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and 100 grain weight. Bainiwal et al. (1981) observed
maximum variability for secondary branches followed by
primary branches andseed yield inpigeonpea.
5.1.3 Heritability (broad sense) and genetic advance

Genetic coefficient of variation alone would not
indicate proportion of total heritable variation. However,
the heritability estimates were better indication of
heritable portions of the variation. The heritability (bs)
percentage includes the contribution of additive gene
effects, allelic interactions due to dominance and non
allelic due toepistasis.

Very high estimates of variability were
obtained for almost all characters studied in the present
investigation. Rathnaswamy et al. (1973), Awatade et al.
(1980), Sidhuet al. (1985), Salunke (1994) and Thombare
(1997) also reported high estimates of heritability in
almost all characters, confirming the present results.

The character with high heritability
associated with high genetic gain may be attributed to
the additive gene effects and can easily be improved by
selection (Panse, 1967). On the other hand, the traits
exhibiting high heritability and low genetic gain may be
governed by non additive gene effects (dominance and
epistasis). The characters showing such inheritance can
be improved through hybridization. The low heritability
estimates suggest that the selection for such characters
will not be mucheffective.
In the present investigation, incidence of sterility mosaic,
wilt percentage, secondary branches per plant, seed yield
per plant, plant spread, pods per plant, primary branches
per plant and reaction to pod borer expressed high
estimates of heritability (bs) accompanied by high genetic
advance as a percentage of mean (Table 4.3) indicating
that these traits were predominantly governed by additive
gene actionand selectionof these traits would be more
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traits would be more effective for desired genetic
improvement. This confirming the results of Balyan and
Sudhakar (1985), Khapre et al. (1993), Salunke (1994),
Thombare (1997) and Chandirakala and Subbaraman
(2010). However, days to 50 % flowering, days to
maturity, plant height, seeds per pod, 100 seed weight,
harvest index and protein content exhibited high
heritability accompanied by lower genetic advance as a
percentage of mean which suggest that, variability for
these traits was probably due to non additive gene action
indicating limited scope for improving these characters
through phenotypic selection. Thombare (1997) reported
high heritability and low genetic advance for number of
seeds per pod, 100 seed weight, days to maturity and
number of pods per plant.

Thus, considering the estimates of genetic
parameters like GCV, heritability and genetic advance as
a percentage of mean together, incidence of sterility
mosaic, wilt percentage, secondary branches per plant,
seed yield per plant, plant spread, pods per plant are the
important characters showing the additive gene action.
Selection for these traits in segregating generations would
be more effective for improvement of seed yield per plant.
5.2 Correlation studies

Correlated characters are of interest for three
chief reasons, firstly, in connection with genetic cause of
correlation through the pleiotrophic action of the genes,
secondly, in connection with the change brought by
selection. It is important to knowhowthe improvement of
one character will cause simultaneous changes in other
character and thirdly in connection with natural
selection.
The value of correlation coefficients cannot be constant.
It varies considerably according to kind of material
handled andenvironmental conditions inwhich material
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material grown even though the material used is the
same, the environmental conditions including
fertilization, plant population and cultural practices
changes the values of correlation coefficients
considerably. All correlations are depends upon poor soil
and increased fertilitystands to decrease variability.

In the improvement of any crop, yield is the
most important character that has to be taken into
consideration. The knowledge of inter relationships
among the characters especially with yield is therefore,
useful to the plant breeder for improving the efficiency of
selection program. The phenotypic correlation indicates
the extent of the observed relationship between two
characters. This does not give a true genetic picture of
the relationship, because it indicates the effects of both
heredity as well as environmental influences. Genotypic
correlations provide us the estimates of an inherent
association between genes controlling two characters.
Hence, it is of greater significance and can effectively be
utilized in formulating an effective selection theme. The
estimates of correlation coefficients may also help to
identify the characters that prove to be of little or no
importance in the selectionprogram.

In the present studies, the genotypic
correlation coefficients were higher than the phenotypic
correlation coefficients (Table 4.3) among all the
characters studied. This indicates that, there was a
strong inherent association between the various
characters studied and the same was less influenced by
environmental variations.
A strong significant positive association was observed
between the seed yield per plant with plant height, plant
spread, primary branches per plant, secondary branches
per plant, pods per plant and seeds per pod at genotypic
and phenotypic levels. Similar results were also observed
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results were also observed by Joshi (1973), Awatade et al.
(1980), Singh et al. (1981), Sidhu et al.(1985), Bhongale
and Raut (1987), Khapre and Nerkar (1992), Singh and
Gumber (1995), Salunke et al. (1995), Srinivas et al.
(1999), Sawant (2001) and Chandirakala and
Subbaraman (2010).

A strong positive but non significant
association was observed between the seed yield per
plant with days to 50 % flowering, days to maturity and
100 seed weight at genotypic and phenotypic levels.
Similar results were also observed by Wagh (1976),
Srinivas et al. (1999).

A strong negative and significant correlation
was found between the seed yield per plant with wilt
percentage, reaction to pod borer and negative correlation
with incidence of sterility, harvest index and protein
content both at genotypic and phenotypic levels. Similar
results were also observed by Pandey and Singh (2002)
and Linge et al. (2010).

Days to 50 %flowering showed significant and
positive correlation with days to maturity, plant height,
plant spread, secondary branches per plant genotypic
and phenotypic levels, indicating that there was certain
inherent relationship between these characters, while
positive correlation with pods per plant and incidence of
sterility mosaic. Salunke et al. (1995), similarly reported
that, the yield components viz., days to 50 % flowering,
days to maturity, plant height, plant spread, primary
branches per plant, secondary branches per plant and
100 grain weight were positively and significantly
associatedamong themselves.
A strong negative but significant correlation was found
between the days to 50 % flowering with protein content
and negative correlation withprimary branches per plant,
seeds per pod, 100 seed weight, wilt percentage, reaction
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percentage, reaction to pod borer and harvest index at
both levels. Similar results were also observed by Pandey
and Singh (2002) andLinge et al. (2010).

Days to maturityhad shownhighly significant
and positive genotypic and phenotypic correlation with
plant height, plant spread, secondary branches per plant,
while positive correlation with pods per plant, incidence
of sterility mosaic and reaction to pod borer. Salunke et
al. (1995), similarly reported that, the yield components
viz., days to 50 % flowering, days to maturity, plant
height, plant spread, primary branches per plant,
secondary branches per plant and 100 grain weight were
positively andsignificantly associated among themselves.

A strong negative but significant correlation
was found between the days to maturity with seeds per
pod, harvest index and protein content, while negative
correlation with primary branches per plant, 100 seed
weight, wilt percentage at both levels. Such type of
correlationwas found for the first time.

Plant height had positive and significant
genotypic and phenotypic correlation with plant spread,
secondary branches per plant, pods per plant, 100 seed
wt., while positive correlation with primary branches per
plant, seeds per pod. Similar results were also observed
by Pandeyand Singh (2002) andLinge et al. (2010).

A strong negative but significant correlation
was found between the plant height with harvest index
and protein content, while negative correlation with
incidence of sterility mosaic, wilt percentage and reaction
to pod borer. Similar observations were recorded by
Dhameliya andPathak (1994) andLinge et al. (2010).
Plant spread showed positive genotypic and phenotypic
correlation with secondary branches per plant, pods per
plant, 100 seed weight, while positive correlation with
incidence of sterility mosaic and reaction to podborer at
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to pod borer at both levels. Salunke et al. (1995),
similarly reported that, the yield components viz., days to
50 % flowering, days to maturity, plant height, plant
spread, primary branches per plant, secondary branches
per plant and 100 grain weight were positively and
significantlyassociatedamongthemselves.

A strong negative but significant correlation
was found between the plant spread harvest index,
protein content and negative correlation with primary
branches per plant, wilt percentage at both levels. Such
type of correlationwas foundfor the first time.

Primary branches per plant showed positive
and significant genotypic and phenotypic correlation with
secondary branches per plant, pods per plant, incidence
of sterility mosaic, while positive correlation with 100
seed weight, wilt percentage and protein content. Similar
results were obtainedbyLinge et al. (2010).

A strong negative correlation was found
between the primary branches per plant with seeds per
pod, reaction to pod borer and harvest index both at
genotypic and phenotypic level. Such type of correlation
was found for the first time.

Secondary branches per plant showed positive
and significant genotypic and phenotypic correlation with
pods per plant and seeds per pod, while positive
correlation with incidence of sterility mosaic and wilt
percentage. Similar results were obtained by Linge et al.
(2010).

A strong negative and significant correlation
was found between the secondary branches per plant
with protein content and negative correlation with 100
seed weight, reaction to pod borer and harvest index both
at genotypic and phenotypic level. Such type of
correlationwas found for the first time.
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Pods per plant showed positive and significant
genotypic and phenotypic correlation with incidence of
sterility mosaic, wilt percentage, while positive correlation
with100 seed weight. Such type of correlation was found
for the first time.

A strong negative and significant correlation
was found between the pods per plant with reaction to
pod borer, protein content and negative correlation with
harvest index. Similar results were obtained by Khandwe
et al. (1998) and Linge et al. (2010).

Seeds per pod showed positive genotypic and
phenotypic correlation with 100 seed weight, incidence of
sterility mosaic and harvest index. Such type of
correlationwas found for the first time.

A strong negative and significant correlation
was found between the seeds per pod with wilt
percentage and negative correlation with reaction to pod
borer, protein content at both levels. Such type of
correlationwas found for the first time.

100 seed weight showed positive and
significant genotypic and phenotypic correlation with
incidence of sterility mosaic. Similar results were
obtained by Linge et al. (2010), while it had negative but
significant correlationwith harvest index, protein content
and negative correlation with wilt percentage and
reaction to pod borer at both levels. Such type of
correlationwas found for the first time.

Incidence of sterility mosaic showed negative
genotypic and phenotypic correlation with wilt
percentage, reaction to pod borer, harvest index and
protein content. Such type of correlation was found for
the first time.
Wilt percentage showed positive and significant genotypic
and phenotypic correlation with protein content and
positive correlationwithharvest index, while negative

71

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

index, while negative correlation with reaction to pod
borer at both levels. Such type of correlation was found
for the first time.

Reaction to pod borer showed positive
correlation with protein content, while it was negatively
correlated with harvest index both at genotypic and
phenotypic levels. Such type of correlation was found for
the first time.

Harvest index showed positive correlation with
protein content both at genotypic and phenotypic levels.
Suchtype of correlationwas found for the first time.
Thus, to summarize, the characters viz., plant height,
plant spread, primary branches per plant, secondary
branches per plant, pods per plant, seeds per pod, days
to 50 % flowering, days to maturity and 100 seed weight
were significantlyand positively correlated withseed yield
per plant and with each other except few which could be
due to modifying effects of the environment. However, the
characters like wilt percentage, reaction to pod borer,
incidence of sterility mosaic, harvest index and protein
content were significantly and negatively correlated with
seed yield per plant and witheachother except fewwhich
could be due to modifying effects of the environment.
Therefore, the desirable plant type in pigeonpea withhigh
seed yield potential should have more height, more plant
spread, more number of primary branches per plant,
more number of secondary branches per plant, more
number of pods per plant, more number of seeds per pod,
more days to 50 % flowering, more days to maturity and
high 100 seed weight, but simultaneously it should have
resistance to pod borer, wilt, incidence of sterility mosaic
and high harvest index, protein content. Similar types of
results were reported by Aher et al. (1997), he proposed
that characters viz., days to maturity, plant spread,
number of pods per plant, number of seeds per pod and
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number of pods per plant, number of seeds per pod and
100 grain weight should be considered while making
selection for developing high yielding genotypes in
pigeonpea.
5.3 Path coefficient analysis

Genotypic path coefficient analysis outlined
by Dewey and Lu (1959) was carried out to find out the
direct and indirect effects of yield components on grain
yield.

Direct effect of any component character on
seed yield gives an idea about the reliability of indirect
selection to be made through that characters to bring
about improvement in seed yield. If the correlation
coefficient between a causal factor and the effect is equal
to its direct effect, then correlation explains the true
relationship and a selection for that trait will be effective.
If the final correlation coefficient is positive, but the direct
effect is negative or negligible, in such relation the
indirect causal factors are to be considered
simultaneously for selection. When correlation coefficient
is negative but the direct effect is positive and high, a
restricted simultaneous selection model is to be followed
i.e. restriction are to be imposed to emulsify the
undesirable indirect effects inorder to make use of direct
effects. The residual effect determines how best the
causal factors accounts for the variability of the
dependent factor, the seed yieldper plant in this case.

In the present investigation, days to maturity,
primary branches per plant, secondary branches per
plant, pods per plant, seeds per pod, 100 seed weight,
harvest index and protein content had positive direct
effects, while days to 50 % flowering, plant height, plant
spread, incidence of sterility mosaic, wilt percentage and
reaction to pod borer had negative direct effects on seed
yield per plant.
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Days to maturityhad highpositive direct effect
on seed yield. Its association with seed yield was positive
and highly significant. Its positive indirect effects via
secondary branches per plant, pods per plant were also
observed. Malik et al. (1981) observed similar results and
Thanki et al. (2010) observed similar results at
phenotypic level.

Primary branches per plant had high positive
direct effect on seed yield. Its association with seed yield
was positive and highly significant. Its positive indirect
effects via days to 50 % flowering, plant spread,
secondary branches per plant, pods per plant, 100 seed
weight, wilt percentage, reaction to pod borer and protein
content were also observed. Ram et al. (1976) observed
similar results.

Secondary branches per plant had high
positive direct effect on seed yield. Its association with
seed yield was positive and highly significant. Its positive
indirect effects through days to maturity, primary
branches per plant, pods per plant, seeds per pod, wilt
percentage, reaction to pod borer were also observed.
Veerswamyet al. (1973) observedsimilar results.

Pods per plant had high positive direct effect
on seed yield. Its association with seed yield was positive
and highly significant. Its positive indirect effects
through days to maturity, primary branches per plant,
secondary branches per plant, seeds per pod, 100 seed
weight, wilt percentage, reaction to pod borer were also
observed. Pokale and Mohatkar (1975), Sharma and
Asawa (1977) and Thanki et al. (2010) observed similar
results.
Seeds per pod had high positive direct effect on seed
yield. Its association with seed yield was positive and
highly significant. Its positive indirect effects through
days to 50 %flowering, plant spread, secondary branches
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per plant, pods per plant, 100 seed weight, reaction to
pod borer, harvest index were also observed.
Chandirakala and Subbaraman (2010) and Thanki et al.
(2010) observed similar results.

100 seed weight had positive direct effect on
seed yield. Its association withseed yield was positive. Its
positive indirect effects through days to 50 % flowering,
primary branches per plant, pods per plant, seeds per
pod and reaction to pod borer were also observed. Balyan
and Sudhakar (1985) and Thanki et al. (2010) observed
similar results.

Harvest indexhad positive direct effect onseed
yield. Its association with seed yield was negative. Its
positive indirect effects through days to 50 % flowering,
plant height, plant spread, seeds per pod, incidence of
sterility mosaic, wilt percentage, reaction to pod borer
and protein content were also observed. Khapre et al.
(1993) and Thanki et al. (2010) observedsimilar results.

Protein content had positive direct effect on
seed yield. Its association with seed yield was negative.
Its positive indirect effects through days to 50 %
flowering, plant height, plant spread, primary branches
per plant, incidence of sterility mosaic, wilt percentage,
and harvest index were also observed.

Days to 50 % flowering had negative direct
effect on seed yield. Its association with seed yield was
positive. This may be due to its positive indirect
contribution to seed yield through days to maturity,
secondary branches per plant, pods per plant and
reaction to pod borer. Thanki et al. (2010) observed
similar results at phenotypic level.
Plant height had negative direct effect on seed yield. Its
association with seed yield was positive and highly
significant. This may be due to its positive indirect
contribution to seed yieldthrough days to maturity,
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primary and secondary branches per plant, pods per
plant, seeds per pod, 100 seed weight, incidence of
sterility mosaic and reaction to pod borer. Ram et al.
(1976) observed that plant height contributed indirectly
to the yield as its direct effect was negative. Sawant
(2001) and Thanki et al. (2010) observed negative direct
effect of plant height onseedyield.

Plant spread had negative direct effect onseed
yield. Its association with seed yield was positive. This
may be due to its positive indirect contribution to seed
yield through days to maturity, primary and secondary
branches per plant, pods per plant, seeds per pod and
100 seedweight.

Incidence of sterility mosaic had negative
direct effect on seed yield. Its association with seed yield
was negative. This may be due to its negative indirect
contribution to seed yield through days to 50 %
flowering, plant spread, wilt percentage, harvest index
and proteincontent.

Wilt percentage had negative direct effect on
seed yield. Its association with seed yield was negative
and significant. This may be due to its negative indirect
contribution to seedyield throughdays to maturity, plant
spread, primary and secondary branches per plant, pods
per plant, seeds per pod and100 seedweight.

Reaction to pod borer had negative direct
effect on seed yield. Its association with seed yield was
negative and significant. This may be due to its negative
indirect contribution to seed yield through plant spread,
primary and secondary branches per plant, pods per
plant, seeds per pod, 100 seed weight, wilt percentage
and harvest index.
Considering both, the correlation coefficients and path
coefficients, it can be concluded that, plant height, plant
spread, days to maturity, primarybranches per plant,
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per plant, secondary branches per plant, pods per plant,
seeds per podand days to 50 %flowering, wilt percentage
and reaction to pod borer are the important yield
contributing characters and should be given due
importance during selection as they were correlated
significantly with seed yield per plant and also
themselves.
5.4 Genetic divergence

When genetically diverse parents are crossed,
they known to produce heterotic F1 and also yield a
spectrum of transgressive segregates in segregating
generations. A set of 50 genotypes of pigeonpea under
study therefore, assessed for genetic diversity for 15
different growthand yield contributing characters.
5.4.1 Diversity based on set of fifteen characters

Analysis of variance (Table 4.2) revealed highly
significant differences among the genotypes for all the
characters under study. Hence the D2 values were
estimated as per Mahalanobis (1928) and (1936) and
described by Rao (1952), based on 15 characters. The
minimum and maximum D2 values were observed
between the pair of genotypes, PT-04-415-1 and PT-04-
382 (104.6) and ICPL-87 and PT-04-360-1 (11047.96),
respectively. It showed the adequate diversity between
the genotypes.
5.4.2 Cluster formation

The aim of cluster formation and estimation of
intra and inter cluster divergence is to provide the basis
for selectingbetter parents for the hybridizationprogram.
The theoretical concept behind suchgrouping is that, the
genotypes grouped into same cluster presumably are less
diverse from each other than those belonging to different
clusters (Rao, 1952). The crossing between the genotypes
belonging to the same clusters is not expected to give
desired heterotic response. Consequently the parents
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Consequently the parents selected for crossing should
belong to different clusters. Greater is the inter cluster
differences, wider is the genetic diversity in the genotypes
included in those clusters. Thus, while selecting the
parents for hybridization, consideration must be givenon
genetic diversity, per se performance of parents and the
cluster mean for the character for which genetic
improvement is sought.

50 genotypes included in the present
investigation were grouped into 9 clusters (Table 4.8). 40
genotypes of pigeonpea studied by Patel et al. (1988) were
grouped into 9 clusters, while 54 genotypes of early
pigeonpea studied by Salunke (1994) were grouped in 12
clusters. Murugan et al. (2000) groped 37 genotypes of
pigeonpea into 5 clusters. 56 genotypes of pigeonpea
studied by Sawant (2001) were grouped into 13 clusters
and 30 genotypes of pigeonpea were grouped into 8
clusters by Sreelakshmi et al. (2010).

In the present studies, cluster number I was
the largest cluster comprising of 27 genotypes, followed
by cluster number II (9 genotypes), cluster number VI (4
genotypes), cluster number III and VIII (3 genotypes in
each) and cluster number IV, V, VII and IX (1 genotype in
each).

The clustering pattern obtained in the present
study, confirmed that the genetic diversity is not
necessarily parallel to the geographic diversity. In the
present investigation, the genotypes originating from
different geographical areas were sometimes included in
the same cluster, whereas different genotypes collected
from the same area were grouped into different clusters.
Bainiwal and Jatasra (1980), Asawa et al. (1981), Mane
(1986), Patel et al. (1988), Henry and Krishna (1992),
Sandhu et al. (1993), Sawant (2001) and Sreelakshmi et
al. (2010) reportedthe similar results.
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The maximum inter cluster distance was
observed between cluster VI and IX (D = 94.91), followed
by cluster Vand IX (D =92.37) and cluster IV andIX (D=
84. 38) and cluster VIII and IX (D = 78.33). This shows
that, these genotypes are having the maximum genotypic
variation. Highest cluster distance betweencluster VI and
IX is 94.91, hence, the genotypes under cluster VI and IX
will be utilized for further hybridization programin diallel
or Lx Tmating system.

The cluster means are presented in Table 4.9,
considering the cluster means or the various clusters
which can provide the desired parents for hybridization
programs for improvement in the characters are shown
against themand are listed below:
Table 5.1 : Clusters with best parents for

hybridization:
Sr.
No.

Characters Source
clusters

1 Days to 50 %flowering
(Early) IX, III

2 Days to maturity (Early) IX, III
3 Plant height (Tall) V, VI
4 Plant spread (Maximum) IV, VI
5 Primary branches per plant

(Maximum) VIII, VI

6 Secondary branches per
plant (Maximum) VII, VIII

7 Pods per plant (Maximum) III, VIII
8 Seeds perpod (Maximum) V, IV, IX
9 Seed yield per plant

(Maximum) III, VIII
10 100 grain weight (high) VIII, VI
11 Incidence of SM(Minimum) I , III, IV, V, VII, IX
12 Wilt (Minimum) IV, IX
13 Reaction topod borer

(Minimum) III, VIII
14 Harvest index (Maximum) VII, IX
15 Protein content (Maximum) IX, II
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On the basis of inter cluster distance, cluster
means and per se performance observed in the present
study, the tentative hybridization program (Table 5.2) is
suggested, which involving the genotypes so that the
better recombinants may be obtained in the segregating
generations and as the most of the characters are
showing the additive gene action, selection for these
characters will be more effective.
Table 5.2 : Suggested future hybridization programme
on the basis of cluster means and per se performance
Sr.
No.

Characters
to be
improved

Cluster
combinations
with inter
cluster
distance

Possible crosses

1 Earliness IXx VI
(94.91)

ICPL-87 x PT-04-267
ICPL-87 x PT-04-360-1

III x I
(43.4)

PT-04-78 xPT-04-138
PT-04-78 xPT-04-164

2 Plant height
(cm)

Vx IX
(92.37)

PT-04-343 x ICPL-87

VI x IX
(94.91)

PT-04-267 x ICPL-87

3 Plant spread
(cm)

IV x IX
(84.88)

PT-04-230 x ICPL-87

VI x IX
(94.91)

PT-04-360-1 xICPL-87

4 Primary
branches
per plant

VIII x IX
(78.33)

PT-03-62 xICPL-87

VI x IX
(94.91)

PT-04-221 x ICPL-87

5 Secondary
branches
per plant

VII xIX
(64.45)

PT-03-129-2 xICPL-87

VIII x IX
(78.33)

PT-04-261 x ICPL-87
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6 Pods per
plant

III x I
(43.4)

PT-04-264 x PT-04-365
PT-04-264 x PT-011-21

VIII x IX
(78.33)

PT-04-386 x ICPL-87

7 Seeds per
pod

Vx IX
(92.37)

PT-04-343 x ICPL-87

IV x IX
(84.88)

PT-04-230 x ICPL-87

IXx VI
(94.91)

ICPL-87 x PT-04-267
ICPL-87 x PT-04-360-1

8 Seed yield
per plant

III x I
(43.4)

PT-04-329 x PT-04-169
PT-04-329 x PT-04-217

VIII x IX
(78.33)

PT-03-62 xICPL-87

9 100 grain
weight (high)

VIII x IX
(78.33)

PT-04-261 x ICPL-87

VI x IX
(94.91)

PT-04-348-2 xICPL-87

10 Resistance
to SM

I xVIII
(50.48)

PT-04-138 x PT-03-62
PT-04-138 x PT-04-261

III x VI
(66.25)

PT-04-78 xPT-04-221
PT-04-78 x PT-04-348-2

IV x II
(57.81)

PT-04-230 x PT-04-373
PT-04-230 x PT-04-391

Vx II
(63.94)

PT-04-343 x PT-04-281
PT-04-343 x PT-011-6

VII xVIII
(54.02)

PT-03-129-2 x PT-04-
386

IXx VI
(94.91)

ICPL-87 x PT-04-267
ICPL-87 x PT-04-360-1

11 Resistance
to Wilt

IV x III
(61.37)

PT-04-230 x PT-04-78
PT-04-230 x PT-04-264

IXx VI
(94.91)

ICPL-87 x PT-04-221
ICPL-87 x PT-04-348-2

12 Resistance
to pod borer

III x VI
(66.25)

PT-04-264 x PT-04-267
PT-04-264 x PT-04-
360-1

VIII x IX
(78.33)

PT-04-386 x ICPL-87
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13 Harvest
index

VII xIX
(64.45)

PT-03-129-2 xICPL-87

IXx VI
(94.91)

ICPL-87 x PT-04-221
ICPL-87 x PT-04-348-2

14 Protein
content

IXx VI
(94.91)

ICPL-87 x PT-04-267
ICPL-87 x PT-04-221

II x VI
(66.83)

PT-011-14 x PT-04-
360-1
PT-011-14 x PT-04-
348-2

The D2 analysis, thus proved to be a very
useful technique in isolating diverse groups from the
germplasmunder study.
5.4.3 Proposed tentative crossing programme

Being a numerical estimate, D2 statistics has
the added advantage over other criteria of permitting
precise comparison among the possible pairs of
populations in any given group. Since the estimates are
obtained from a study of potential parents themselves,
the required information is available before attempting
any crosses and thus the D2 cluster means and inter-
cluster coverage divergence can be utilized for the choice
of parents to decide the cross combinations which are
likely to produce high heterotic effects for various
economic and qualitatively important characters. It is
suggested that diverse genotypes with maximum inter
cluster distance and having high yield potential with
more height, more plant spread, more number of primary
branches, more fruit length and diameter, more fresh
fruit weight and number of fruits per plant and good
qualitative characters might be very useful suggesting a
suitable breeding programme. Such crosses are expected
to throw superior transgressive segregants in advanced
generations. The biotypes originating in a particular
habitat have ability only for certain traits for which
selection has been practiced. Therefore, the varieties
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Likewise, certain types may possess similar
characteristics though they have their origins are
different. The varieties grouped under the same cluster
was presumed very little diverse from each other and
thus crossing between them is not expected to produce
the desirable heterotic response. Thus, the selection of
parents from distant diverse groups is useful in
hybridization programme, Such crosses are expected to
throwsuperior segregants in advanced generations.

Hence, on the basis of above assumptions a
tentative crossing programme is suggested as below for
obtaining high yielding with pest and disease resistant in
pigeonpea.
1) Earliness

The lowest cluster means for days to 50%
flowering was 65.1 shown by cluster IX, followed by
cluster III (71.9) and II (75.37). Inter cluster distance
between cluster IX and cluster VI was (94.91), followed by
cluster IX and V (92.37) and cluster IX and IV (84.88). It
is suggested that genotypes from more diverse groups
and having high yield potential coupled with quality
attributes selected for breeding programme.

Cluster IX x cluster VI : ICPL-87 x PT-04-267
Cluster III x cluster I : PT-04-78 x PT-04-138.

2) Plant height (Maximum)
The highest cluster means for plant height was

182.3 shown by cluster V, followed by cluster VI (181.9)
and cluster IV (171.63). The inter cluster distance was
maximum between cluster VI and IX (94.91), followed by
cluster V and IX (92.37) and cluster IV and IX (84.88). It
is suggested that genotypes from more diverse groups
and having high plant height coupled with quality
attributes selected for breeding programme.

Cluster V x Cluster IX : PT-04-343 x ICPL-87
Cluster VI x Cluster IX : PT-04-267 x ICPL-87.
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3) Plant spread (Maximum)
The highest cluster means for plant spread

was 60.3 shown by cluster IV, followed by cluster VI
(55.56) and cluster V (48.57). The inter cluster distance
was maximum between cluster VI and IX (94.91),
followed by cluster V and IX (92.37) and cluster IV and IX
(84.88). It is suggested that genotypes from more diverse
groups and having more plant spread coupled with
quality attributes selected for breeding programme.

Cluster IV x Cluster IX : PT-04-230 x ICPL-87
Cluster VI x Cluster IX : PT-04-360-1 x ICPL-87.

4) Primary branches per plant (Maximum)
The highest cluster means for primary

branches per plant was 12.73 shown by cluster VIII,
followed by cluster VI (10.48). The inter cluster distance
was maximum between cluster VI and IX (94.91),
followed by cluster VIII and IX (78.33). It is suggested
that genotypes from more diverse groups and more
primary branches coupled with quality attributes selected
for breeding programme.

Cluster VIII x Cluster IX : PT-03-62 x ICPL-87
Cluster VI x Cluster IX : PT-04-267 x ICPL-87.

5) Secondary branches per plant (Maximum)
The highest cluster means for secondary

branches per plant was shown by cluster VII (18),
followed by cluster VIII (13.99). The inter cluster distance
was maximum between cluster VIII and IX (78.33),
followed by cluster VII and IX (64.45). It is suggested that
genotypes from more diverse groups and having more
secondary branches coupled with quality attributes
selected for breeding programme.

Cluster VII x Cluster IX : PT-03-129-2 x ICPL-87
Cluster VIII x Cluster IX : PT-04-261 x ICPL-87.
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6) Pods per plant (Maximum)
The highest cluster means for pods per plant

was 194.17 shown by cluster III, followed by cluster VIII
(193.36). The inter cluster distance was maximum
between cluster VIII and IX (78.33), followed by cluster III
and I (43.4). It is suggested that genotypes from more
diverse groups and having more number of pods per
plant coupled with quality attributes selected for breeding
programme.

Cluster III x Cluster I : PT-04-264 x PT-04-365
Cluster VIII x Cluster IX : PT-04-386 x ICPL-87.

7) Seeds per pod (Maximum)
The highest cluster means for seeds per pod

was 4.23 shown by cluster V, followed by cluster IV and
IX (4.07). The inter cluster distance was maximum
between cluster VI and IX (94.91), followed by cluster V
and IX (92.37). It is suggested that genotypes from more
diverse groups and having more number of seeds per pod
coupled with quality attributes selected for breeding
programme.

Cluster V x Cluster IX : PT-04-343 x ICPL-87
Cluster IV x Cluster IX : PT-04-230 x ICPL-87.

8) Seed yield per plant (Maximum)
The highest cluster means for seed yield per

plant was 44.06 shown by cluster III, followed by cluster
VIII (35.33). The inter cluster distance was maximum
between cluster VIII and IX (78.33), followed by cluster III
and I (43.4). It is suggested that genotypes from more
diverse groups and having high seed yield coupled with
quality attributes selected for breeding programme.

Cluster III x Cluster I : PT-04-329 x PT-04-169
Cluster VIII x Cluster IX : PT-03-62 x ICPL-87.
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9) 100 seed weight (Maximum)
The highest cluster means for 100 seed weight

was 11.36 shown by cluster VIII, followed by cluster VI
(10.9). The inter cluster distance was maximum between
cluster VI and IX (94.91), followed by cluster VIII and IX
(78.33). It is suggested that genotypes from more diverse
groups and having more 100 seed weight coupled with
quality attributes selected for breeding programme.
Cluster VIII x Cluster IX : PT-04-261 x ICPL-87

Cluster VI x Cluster IX : PT-04-348-2 x ICPL-87.
10) Incidence of sterility mosaic (SM) (Minimum)

The lowest cluster means for incidence of
sterility mosaic was 0.00shown by cluster I, III, IV, V, VII
and IX, followed by cluster II (0.34). The inter cluster
distance was maximum between cluster I and VIII
(50.48), followed by cluster III and VI (66.25). It is
suggested that genotypes from more diverse groups and
having low incidence of SM coupled with quality
attributes selected for breeding programme.

Cluster I x Cluster VIII : PT-04-138 xPT-03-62
Cluster III x Cluster VI : PT-04-78 x PT-04-221.

11) Wilt (%) (Minimum)
The lowest cluster means for wilt percentage

was 0.00 shown by cluster IV and IX, followed by cluster
VII (7.27). The inter cluster distance was maximum
between cluster IX and VI (94.91), followed by cluster IV
and III (61.37). It is suggested that genotypes from more
diverse groups and having low wilt incidence coupled
with quality attributes selected for breeding programme.

Cluster IV x Cluster III : PT-04-230 x PT-04-78
Cluster IX x Cluster VI : ICPL-87 x PT-04-221.

12) Reaction to pod borer (Minimum)
The lowest cluster means for reaction to pod borer was
10.54 shown by cluster III, followed by cluster VIII
(12.38). The inter cluster distance was maximum
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between cluster VIII andIX (78.33), followed by cluster III
and VI (66.25). It is suggested that genotypes from more
diverse groups and having low pod borer infestation
coupled with quality attributes selected for breeding
programme.

Cluster III x Cluster VI : PT-04-264 x PT-04-267
Cluster VIII xCluster IX : PT-04-386 x ICPL-87.

13) Harvest index (Maximum)
The highest cluster means for harvest index

was 34.37 shown by cluster VII, followed by cluster IX
(32.97). The inter cluster distance was maximum
between cluster VI and IX (94.91), followed by cluster VII
and IX (64.45). It is suggested that genotypes from more
diverse groups and having high harvest index coupled
withquality attributes selected for breedingprogramme.

Cluster VII xCluster IX : PT-03-129-2 x ICPL-87
Cluster IXx Cluster VI : ICPL-87x PT-04-221.

14) Protein content (Maximum)
The highest cluster means for protein content

was 19.43 shown by cluster IX, followed by cluster II
(19.05). The inter cluster distance was maximum
between cluster IX and VI (94.91), followed by cluster II
and VI (66.83). It is suggested that genotypes from more
diverse groups and having high protein content coupled
withquality attributes selected for breedingprogramme.

Cluster IXx Cluster VI : ICPL-87 x PT-04-267
Cluster II x Cluster VI : PT-011-14 x PT-04-360-1.

Considering the intra cluster and inter cluster
distances the following genotypes may be more effective
for improvement of seed yield per plant and yield
contributing characters. These are PT-04-267, PT-04-
360-1, ICPL-87, PT-04-343, PT-04-230, PT-03-129-2, PT-
04-373, PT-011-6and PT-011-14.
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6. SUMMARY AND CONCLUSION

Fifty genotypes of pigeonpea from different eco-
geographic regions, maintained at Pulses Improvement
Project, MPKV, Rahuri (M.S.) were evaluated in the present
investigation Genetic variability, correlation and diversity
analysis in pigeonpea [Cajanus cajan (L.) Millsp] during
Kharif, 2012.

The observations were recorded on the 15
characters viz., days to 50 % flowering, days to maturity,
plant height, plant spread, primary and secondary
branches per plant, pods per plant, seeds per pod, seed
yield per plant, 100 seed weight, incidence of SM, wilt,
reaction to pod borer, harvest indexand proteincontent.
6.1 Summary
6.1.1 Variability and genetic parameters

Sufficient variability was present in the
genotypes studied. The high ranges were observed for days
to 50 % flowering, days to maturity, plant height, plant
spread, secondary branches per plant, pods per plant, seed
yield per plant, 100 seed weight and wilt, while it was low
for primary branches per plant, seeds per pod, 100 seed
weight, incidence of SM, reaction to pod borer, harvest
index and proteincontent.

Genotypic and phenotypic coefficients of
variation were the highest for pods per plant, plant height,
days to maturity, plant spread, seedyield per plant, days to
50 % flowering and wilt and the values were least for the
remainingcharacters.

High heritability was observed for all the
characters. High heritability associated with high genetic
advance as a percentage of mean were observed for
incidence of sterility mosaic, wilt percentage, secondary
branches per plant, seedyield per plant, plant spread, pods
per plant and primarybranches per plant, indicating
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additive genetic control in their inheritance and thus scope
for selection for improving these characters.
6.1.2 Correlations

In the present study, values of genotypic
correlation were higher than the corresponding phenotypic
correlation. Seed yield per plant was significantly and
positively correlated with the plant height (0.323), primary
branches per plant (0.266), secondary branches per plant
(0.504), pods per plant (0.835), seeds per pod (0.266) and
positively correlated with days to 50 % flowering (0.104),
days to maturity (0.129), plant spread (0.152) and 100 seed
weight (0.105). Whereas, it was negatively and significantly
correlated with wilt percentage (-0.216), reaction to pod
borer (-0.327) and negatively correlated with incidence of
sterility mosaic (-0.085), harvest index (-0.068) and protein
content (-0.147) bothat genotypic and phenotypic levels.
6.1.3 Path analysis

Path analysis revealed that, pods per plant had
the highest and positive direct effect (0.773), followed by
days to maturity (0.357), and seeds per pod (0.172). They
exhibited positive and significant correlationwithseed yield
per plant indicating their true and perfect association with
seed yield.

While, incidence of sterility mosaic had highest
and negative direct effect (-0.167), followed by reaction to
pod borer (-0.150). They exhibited negative and significant
correlation with seed yield per plant indicating their true
but negative associationwithseed yield.

In addition to these, days to 50 % flowering,
plant height, plant spread had negative direct effects but
their total contribution to seed yield was positive and
significant as their indirect effects through days to
maturity, secondary branches per plant, pods per plant
were positive.
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6.1.4 Genetic divergence
The D2 values ranging from 104.6 to 11047.96

showed adequate diversity between the genotypes. On the
basis of D2 values, all these genotypes were grouped into 9
clusters with substantial genetic divergence between them.
Cluster I included the highest number of genotypes (27
genotypes) followed by cluster number II (9 genotypes),
cluster number VI (4 genotypes), cluster number III and
VIII (3 genotypes ineach) and cluster number IV, V, VII and
IX (1 genotype ineach). The maximumintercluster distance
was found between cluster VI and IX (94.91). Whereas,
minimum inter cluster distance was found between cluster
number IV and V (19.86). Clustering pattern of these
genotypes did not necessarily follow the geographical
distribution and genotypes included in the same cluster
mayhave the same genetic architecture.
6.2 Conclusions
6.2.1 Variability

High genotypic coefficients among the genotypes
indicates more variability for the characters viz.,incidence
of sterility mosaic, wilt, secondary branches per plant, seed
yield per plant, plant spread, pods per plant and primary
branches per plant.

High heritability with genetic advance as a
percentage of mean suggest additive genetic control in the
inheritance of characters viz., incidence of sterility mosaic,
wilt percentage, secondary branches per plant, seed yield
per plant, plant spread,pods per plant, primary branches
per plant and reaction to pod borer indicating scope for
selection in these characters.
6.2.2 Correlations
Plant height, primary branches per plant, secondary
branches per plant, pods per plant, seeds per pod were
positively and significantly, while days to 50 % flowering,
days to maturity, plant spreadand 100 seed weight were
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weight were positively correlated with seed yield and had
strong positive genotypic correlations with seed yield per
plant. Whereas, it was negatively and significantly
correlated with wilt percentage, reaction to pod borer and
negatively correlated with incidence of sterility mosaic,
harvest index and protein content and had negative
genotypic correlations with seed yield per plant.
6.2.3 Path analysis

Pods per plant, days to maturity, seeds per pod,
primary and secondary branches per plant, 100 seed
weight, harvest index and protein content had direct
positive effect on seed yield, while incidence of sterility
mosaic, wilt and reaction to pod borer had direct negative
effect on seed yield. So these are the most important
characters as revealed by path analysis.
6.2.4 Genetic divergence
1. There is substantial genetic diversity among the

genotypes studied.
2. The 50 genotypes grouped into 9 clusters.
3. The pair of genotypes viz., PT-04-415-1 and PT-04-382

was most divergent from one another (11047.96).
4. On the basis of intercluster distances , cluster means

and per se performance for the hybridization program
may involving the following genotypes PT-04-267, PT-04-
360-1, ICPL-87, PT-04-343, PT-04-230, PT-03-129-2,
PT-04-373, PT-011-6 and PT-011-14.

91

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

7. LITERATURE CITED

Aher, R. P., Dahat, D. V. and Thombare, B. B. 1997. Path
analysis in pigeonpea. J. Maharashtra Agric. Univ. 23
(3) : 318-319.

Aher, R. P., Salunke, J. S., Shinde, G. C. andKute, N. S. 1998.
Genetic diversity in earlypigeonpea. Indian J. Pulses
Res. 11 (1) : 68-71.

Ahuja, A. N., Mehra, R. B. and Singh, S. P. 1981. Path coefficient
analysis and irs implications in breeding for yield and
its components. Pulses Crop Newsletter. 1 (2) : 22-23.

Aiyer, A. K. Y. N. 1947. Field Crops of India. The Bangalore Press,
Bangalore. Pp. 103-107.

*Akinola, J. O., Prichord, A. J. and Whiteman, P. 1972.
Chromosome number of pigeonpea (Cajanus cajan (L.)
Millsp.) J. Australian Inst. Agric. Sci. 38 (4) : 305-306.

Allard, R. W. 1961. Relationshipbetween genetic diversity and
consistencyperformance indifferent environments.
Crop Sci. 1(2) : 127-133.

Anonymous. 2011. Ministry of Agriculture, Govt. of India.
Report, 2011.

Anonymous. 2012a. Ministry of Agriculture, Govt. of India.
(13153), 2010-11b. State-wise Yieldof Arhar in India.

Anonymous. 2012b. Ministry of Agriculture, Govt. of India.
(ON245). State-wise Area for Arhar (Tur) in India.
2010-11b.

92

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

92

Anonymous. 2012c. Ministry of Agriculture, Govt. of India (Rajya
Sabha Unstarred Question No. 1567, dated on
07.12.2012). State-wise Production of Arhar (Tur) in
India. 2010-11c.

Arunachalam. and Bandiopadhyay. 1984. Calculated possible
limits to parental divergence for occurrence of
heterosis. Indian J. Agric. Sci. 51 (3) : 53-65.

Asawa, B. M., Chandra, R. K. and Pandey, R. L. 1981. Character
correlation and divergence in pigeonpea. Indian J. Agric.

Sci. 51 (1) : 12-17.

Awatade, S. N., Chopde, P. R., Makne, V. G. and Chaudhari, V.
P. 1980a. Estimation of genetic parameters in
advanced generations of pigeonpea. Tropical Grain
Legume Bull. 17/18 : 16-18.

Awatade, S. N., Chopde, P. R., Makne, V. G. and Chaudhari, V.
P. 1980b. Character associationandpathanalysis in

pigeonpea. Indian J. Agric. Sci. 50 (12) : 910-913.

Bainiwal, C. R. andJatasra, D. S. 1980. Genetic divergence in
pigeonpea. Indian J. Genet. 40 (1) : 153-156.

Bainiwal, C. R., Malhotra, N. and Jatasra, D. S. 1981. Studies on
variability and correlation in pigeonpea. Indian J.
Agric. Res. 15(3) : 161-165.

Balakrishnan, K. and Natarajarathnam, N. 1989. Association of
yield attributes in Pigeonpea. Madras Agric. J., 76 (6):
349-350.Electronic Journal of Plant Breeding. 1 (4):
824-827 and 936-939(July2010).

93

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

Balyan, H. S. and Sudhakar, M. V. 1985. Varibility, character
association and path coefficient studies on genotypes of

early maturing group in pigeonpea. Madras Agric. J.
72 (3) : 168-172.

Bhongale, A. T. and Raut, R. S. 1987. Genetic variability and
correlation among different lines of pigeonpea. P. K. V.
Res. J. 11 (2) : 123-126.

Brar, S. P. S. 1993. Correlation and path coefficient studies in F4
progenies of two crosses in Pigeonpea (Cajanus cajan (L.)

Millsp.). Indian J. Pulses Res., 6 (1): 45-48. Electronic
Journal of Plant Breeding. 1 (4): 824-827 (July 2010).

Burton. and Devane. 1953. Calculations of genotypic and
phenotypic coefficients of variation. Indian J. Genet.
61 (2) : 210-221.

Chandra, T., Tripathi, B. K. and R. P. Katiyar. 1975. Genetic
variability, heritability and genetic advance of yield and its

components in Arhar. Res. J. Mahatma Phule Agric.
Univ. 6 : 95-99.

Chandirakala, R. and Subbaraman, N. 2010. Character
association and path analysis for yield attributes in
full sib progenies in Pigeonpea (Cajanus cajan (L.) Mill
Sp.). Electronic Journal of Plant Breeding. 1 (4): 824-
827.

Cochran, W. G. and Cox, G. M. 1957. Experimental designs.
John Wiley and Sons, N. Y. London, p. 82-90 and
403-412.

94

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

DCruz and Jadhav, A. S. 1972. Aneuploidy in Tur. Res. J.
Mahatma Phule Agric. Univ. 3 : 61-62.

Dahat, D. V., Deshmukh, R. B. and Patil, J. V. 1995. Path
analysis in pigeonpea in sole crop and intercropping
withpearl millet. Legume Research. 18 (3) : 167-169.

Dahiya, S. K. and S. Singh. 1994. Path analysis in Pigeonpea
(Cajanus cajan (L.) Millsp.). Crop Research. 8(2): 337-
339. Electronic Journal of Plant Breeding. 1 (4): 824-
827 and 936-939 (July 2010).

Dani, R. G. 1979. Variability and association between yield and
yield components in pigeonpea. Indian J. Agric. Sci. 49
(7): 507-510. Electronic Journal of Plant Breeding. 1
(4): 929-935July 2010).

Deshmukh, N. Y. and Phirke, T. S. 1962. Flattered point
mutation in Arhar. Nagpur Agric. Coll. Mag. 36 (2) :
46-47.

Dewey, D. R. and Lu, K.H. 1959. A correlation and path
coefficient analysis of components of crested
wheatgrass seed production. Agron. J. 49 (12) : 918-
924.

Dhameliya, H. R. andPathak, A. R. 1994. Correlationstudies in
segregating generations inpigeonpea. International
Chickpea And Pigeonpea Newsletter. 1 : 30-32. Electronic

Journal of Plant Breeding. 1 (4) : 929-939 (July2010).

95

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

Dhameliya, H. R. and Pathak, A. R. 1995. Path analysis in
Pigeonpea. Gujarat Agric. Res. J. 20 (2): 160-163.
Electronic Journal of Plant Breeding. 1 (4): 824-827
(July 2010).

Dumbre, A. D. 1981. Correlation, variability and genetic diversity
in respect of grain yield and its components in
pigeonpea. A M.Sc. (Agri.) thesis submitted to MPKV,
Rahuri.

Dumbre, A. D. and Deshmukh, R. B. 1983. Association of grain
yield and other economic characters inpigeonpea. J.

Maharashtra agric. Univ. 8 (1) : 86.

Dumbre, A. D. and Deshmukh, R. B. 1985. Path analysis in
pigeonpea. Legume Res. 8 (1) : 37-38.

Fisher. and Yates. 1963. Test of significance of correlation
coefficients at 1 and5 %level of significance. Indian J.
Pulse Res. 6 (3) : 74-89.

Garten, S. L., Tomer, Y. S. and Singh, V. P. 1989. Genetic
divergence in early maturing pigeonpea. Indian J.
Pulse Res. 2 (1) : 25-31.

Gupta, V. P., Sethi, S. C. and Chandra, S. 1975. Variation,
heritability and correlation among yield components
in Arhar (Cajanus cajan (L.) Millsp.). Haryana Agric.
Univ. J. Res. 5 (2) : 110-115.

Hanson, R. J., and Johnson, H. W. 1956. Formula for
calculation of heritability (bs). Madras Agric. J. 64 :
225-232.

96

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

Henry, A. and Krishna, G. V. S. R. 1992. Genetic divergence in
pigeonpea. Madras Agric. J. 79(1) : 41-43.

Holkar, S., Nigam, P. K. and Mishra, V. K. 1991. Note on path
analysis in pigeonpea. ICPN., 14: 4-5. Electronic
Journal of Plant Breeding. 1 (4): 936-939 (July 2010).

Joglekar, R. G. and Deshmukh, N. Y. 1958. A mutation in
pigeonpea (Cajanus cajan (L.) Millsp.). Nagpur Agic.
Coll. Mag. 32 : 23-39.

Johnson, H. W., Robinson, H. F. and Comstock, R. E. 1955.
Genotypic and phenotypic correlation insoybean and
their implications in selection . Agron. J. 47 : 447-82.

Joshi, S. N. 1973. Variability and correlation studies in
pigeonpea (Cajanus cajan (L.) Millsp.) Madras Agric. J.
60 (6) : 412-414.

Kajjari, N. B. 1956. Anewmutation inCajanus cajan (L.) Millsp.
Current Sci. 25: 333.

Khandwe, N., Machwe, V. G. and Khandwe, R. 1998. Correlation
of larval population of Heliothis armigera withyield

parameters of pigeonpea (Cajanus cajan (L.) Millsp.).
Indian J. Agric. Sci., 68 (4) : 198-200. Electronic Journal of

Plant Breeding. 1(4): 929-935 (July 2010).

Khapre, P. R. andNerkar Y. S. 1983. Heterosis for grainyield in
pigeonpea under different cropping systems. J.
Maharashtra Agric. Univ. 17: 238-240.

97

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

Khapre, P. R. and Nerkar, Y. S. 1992. Genetic variability and
character association in pigeonpea under different
cropping systems. J. Maharashtra agric. Univ. 17 (3) :
445-448.

Khapre, P. R., Pawar, D. T., Misal, V. M. and Chawan, K.M.
1993. Genetic variability, correlation and path
analysis in newly developed strains of pigeonpea
(Cajanus cajan (L.) Millsp.). J. Maharashtra agric.
Univ. 18(3) : 494-496.

Krishnaawamy, N., Rangaswamy and G. N. Ayyangar. 1935.
Chromosome number in Cajanus cajan Spreng. Current

Sci. 3 : 614-615.

Lal, S. K. and Raina, R. 2002. Interrelationship between yield
and its component traits in long duration hybrids in
pigeonpea. Ann. Agric. Res., 23: 100-104. Electronic
Journal of Plant Breeding. 1 (4): 936-939 (July 2010).

Linge, S. S., Kalpande, H. V., Sawargaonkar, S. L., Hudge, B. V.
and Thanki, H. P. 2010. Study of genetic variability
and correlation in interspecific derivatives of
pigeonpea [Cajanus cajan (L.) Millsp.] . Electronic
Journal of Plant Breeding. 1 (4): 929-935.

Mahajan, R. C., Khapre, P. R., Jahagirdar, J. E., Ghodke, M. K.
and Patil, R. A. 1995. Geenotypic correlationandpath

coefficient studies under three environments in pigeonpea
(Cajanus cajan (L.) Millsp.). Indian J. Pulses Res. 8 (2)
: 181-183.

Mahalanobis, P. C. 1928. A statistical studies of head
measurement. J. Asiatic Soc. Bengal. 25 : 301-377.

98

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

Mahalanobis, P. C. 1936. On the generalized distance in
Statistics. Proc. Nat. Inst. Sci. India. 2: 49-55.

Malhotra, R. S. and Sodhi, J. S. 1977. Genetic variability and
discriminate functions studies in pigeonpea (Cajanus cajan

(L.) Millsp.). Madras Agric. J. 64(10) : 677-678.

Malik, B. A., Malik, M. R. and Khan, I. A. 1987. Correlation and
path analysis of yield and its components in
pigeonpea (Cajanus cajan (L.) Millsp.). Pakistan J.
Scientific and Industrial Res. 30 (6) : 452-454.

Malik, B. P. S., Singh, V. P., Paroda, R. S. and Gupta, S. C.
1981. Correlation and path coefficient analysis in
pigeonpea (Cajanus cajan (L.) Millsp.). Crop Improv. 8
(2) : 100-105.

Mane, V. V. 1986. Correlation, variability andgenetic diversity in
respect of grain yield and its components in pigeonpea

(Cajanus cajan (L.) Millsp.) A M.Sc. Agri. thesis
submittedtoMPKV, Rahuri.

Magar, N. M. 2003. Genetic variability, pathanalysis and genetic
diversity in pigeonpea (Cajanus cajan (L.) Millsp.) A M.Sc.

Agri. thesis submitted to MPKV, Rahuri.

Marekar, R. V. and Nerkar, Y. S. 1987. Correlation and path
analysis in pigeonpea (Cajanus cajan (L.) Millsp.). P.
K. V., Res. J. 1 (1) : 13-18.

Mehta, D. N. and Dave, B. B. 1931. Studies in Cajanus indicus.
Mem. Dept. Agric. Indian Bot. 19 : 1-26.

99

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

Murugan, E., Manivannan, N., Viswanathan, P. L. and
Dhankodi, C. V. 2000. Genetic divergence in redgram
(Cajanus cajan (L.) Millsp.). Madras Agric. J. 87 : 174-
176.

Natarajan, C., Thiyagarajan, K. and Agyamperumal, A. 1990.
Genetic variability, correlation and path analysis in
pigeonpea. Madras Agric. J. 9(12) : 78-381.

Pande, S., Pathak, M., Sharma, M., Narayana Rao. J. and Tomar,
O. S. 2006. Resistance to Phytophthora blight in the
improved pigeonpea lines at ICRISAT, Patancheru,
India. ICRISAT Open Access J. 2(1).

Pandey, N. and Singh, N. B. 2002. Association between yield and
yield attributes in Pigeonpea hybrids. Madras Agric.
J., 88 (10/12) : 640-643. Electronic Journal of Plant
Breeding. 1 (4): 929-935 (July 2010).

Panse, V. G. and Sukhatme, P. V. 1967. Statistical methods for
Agicultural workers. ICAR, NewDelhi. pp.152-159.

Panse, V. G. and Sukhatme, P. V. 1985. Statistical methods for
Agicultural workers. ICAR, NewDelhi. pp.212-223.

Patel, J. N., Vashi, P. S., Desai, R. T. and Vashi, R. D. 1988.
Genetic divergence in pigeonpea. International
Pigeonpea Newsletter. 8:2-4.

Patel, K. N. and Patel, D. R. 1998. Studies on genetic variability
inPigeonpea, International Chickpea and Pigeonpea

Newsletter, 5 : 28-30. Electronic Journal of Plant Breeding. 1
(4): 929-935(July2010).

100

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

Patil, H. S., Narkhede, B. N. and Deokar, A. B. 1989. Genetic
parameters, character association and path analysis in

pigeonpea. J. Maharashtra Agic. Univ. 14(1) : 54-56.

Paul, P. R., Singh, R. M., Sandan, R. and Raina, R. 1996.
Character association and path coefficient analysis in
hybridpigeonopea. Madras Agric. J. 83(1) : 34-37.

Pokale, Y. S. andMohatkar, L. C. 1975. Pathanalysis of yield
components in pigeonpea. Nagpur Agric. Coll. Mag. 48 : 23-

24.

Ram, R. A., Singh, P., Singh, I. B. and Sharma, P. 1976. Path
and discriminate techniques for the improvement of
Red gram. Indian J. Agric. Sci. 10(1) : 101-104.

Rao, C. R. 1952. Advance Statistical methods in biometric
research. John Wiley and Sons, Inc. New York, pp.
390.

Rathnaswamy, R., Veerswamy. R., Raghupathy, A. and
Palniswamy, G. A. 1973. Studies ongenetic variability
of certain quantitative characters in Red gram
(Cajanus cajan (L.) Millsp.). Madras Agric. J. 60 (3) :
204.

Raut, R. S. and Bhongale, A. T. 1988. Path coefficient analysis
for yield and its components in pigeonpea. P. K. V.
Res. J. 12(1) : 15-17.

Roy, B. 1933. Studies in the development of the female
gametophyte in some leguminous plants of India.
Indian J. Agric. Sci. 3: 1094-1107.

101

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

Rick, J. V. D. B. 1988. ICRISAT. Cajanus cajan : It's More than
Just a Pulse Crop. Forest, Farm, and Community Tree
Network (FACT Net) p. (November, 1988).

Salunke, J. S. 1994. Pathanalysis and genetic diversity inearly
pigeonpea (Cajanus cajan (L.) Millsp.). AM. Sc. Agri.
thesis submitted to MPKV, Rahuri.

Salunke, J. S., Aher, R. P., Sinde, G. C. andKute, N. S. 1995.
Correlationand pathcoefficient analysis in early
pigeonpea. Legume Res., 18: 162-166. Electronic Journal of

Plant Breeding. 1(4): 936-939 (July 2010).

Sandhu, T. S., Reddy, K. R. and Gumber, R. K. 1993.
Assessment of genetic divergence in pigeonpea
germplasm. International Pigeonpea Newsletter. 17 : 8-
10.

Sarma, R. N. and Roy, A. 1994. Genetic divergence in early
maturingpigeonpea. Indian J. Genet. 54 (2) : 184-187.

Sawant, M. N. 2001. Character association, path analysis and
genetic diversity in pigeonpea (Cajanus cajan (L.)
Millsp.). A M. Sc. Agri. thesis submitted to MPKV,
Rahuri.

Sharma, H. K. and Asawa, B. M. 1977. Path coefficient analysis
and selection indices for segregating populations of
Arhar. Mysore J. Agric. Sci. 11: 317-321.

*Shaw, F. J. F., Khan, A. R. and Singh, H. 1933. Studies in
Indian Pulses. The types of Cajanus cajan Indus
spreng. Indian J. Agric. Sci. 3 : 1-36.

102

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

Sheldrake. and Narayanan. 1979. Cajanus cajan : It's More than
Just a Pulse Crop. Forest, Farm, and Community Tree
Network (FACT Net). (November, 1988).

Shoran, J. 1982. Path analysis in pigeonpea. Indian J. Genet.,
42 : 319-321. Electronic Journal of Plant Breeding. 1
(4): 936-939.

Shoran, J. 1983. Studies on genetic variability for some
quantitative characters in pigeonpea. Madras Agric. J.
70 (3) : 146-148.

Sidhu, P. S., Verma, M. M., Cheema, H. S. and Asra, S. S. 1985.
Genetic relationships among yield components in
pigeonpea. Indian J. Agric. Sci., 55: 232-235.
Electronic Journal of Plant Breeding. 1 (4): 936-939
(July 2010).

Singh, K. B. and Malhotra, R. S. 1973. Yield components in
pigeonpea (Cajanus cajan (L.) Millsp.). Mysore J. Agric.
Sci. 60(6) : 364-366.

Singh, R. K. and Chaudhari, B. D. 1977. Biometrical techniques
ingenetics and plant breeding pp. 200-223.

Singh, R. P. and Srivastav, M. P. 1977. Heritability and
correlation of some quantitative characters in
pigeonpea (Cajanus cajan (L.) Millsp.). Mysore J. Agric.
Sci. 11(3) : 315-317.

Singh, S. and Gumber R. K. 1995. Trend of correlation in four
generations of pigeonpea. International Chickpea and
Pigeonpea Newsletter. 2 : 52-53.

103

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

Singh, S. and Gumber R. K. 1996. Assessment of genetic
diversity in basic generations of pigeonpea.
International Chickpea and Pigeonpea Newsletter. 3 :
62-64.

Singh, S. P., Govil, J. N. and Hayatram, J. N. 1982. Genetic and
environmental variabilityand quality traits inearly
pigeonpea. Pulse Crop Newsletter. 1:113-114. Electronic

Journal of Plant Breeding. 1 (4): 929-935 (July 2010).A

Singh, S. P., Reddy, R. K. andNarsinghwani, V. G. 1982. Path
coefficient and selection indices in pigeonpea. Indian J.

Agric. Sci., 52: 558-560. Electronic Journal of Plant
Breeding. 1 (4): 936-939 (July 2010).

Singh, S. P., Tripathi, U. K. and Singh, B. 1999. Pathcoefficient
analysis in pigeonpea. Indian J. Pulses Res. 12 (2) : 236-

238.

Sreelakshmi, Ch., Shivani, D. and Sameer Kumar, C. V. 2010.
Genetic divergence and stability analysis in Pigeonpea
(Cajanus cajan L.). Electronic Journal of Plant
Breeding. 1 (4): 530-535.

Srinivas, T., Jain, K. C., Reddy, M. S. S. and Reddy, M. V. 1999.
Genetic relationships among yield components in
pigeonpea. Indian J. Pulses Res. 12(2) : 180-186.

Research
Thanki, H. P. and Sawargaonkar, S. L. 2010. Path coefficient

analysis in pigeonpea (Cajanus cajan L. Millsp.).
Electronic Journal of Plant Breeding. 1 (4): 936-939.

104

http://www.axpdf.com
Mailto:104@


aXpdf word to PDF Demo, http://www.axpdf.com

Thombare, B. B. 1997. Genetic variability, path analysis and
diversity in pigeonpea (Cajanus cajan (L.) Millsp.). A
M. Sc. Agri. thesis submitted to MPKV, Rahuri.

*Van Der Maesen, L. J. G. 1980. India is the native home of
pigeonpea. Miscellaneous papar. 19. Landbouwhoge
School. Wageningen.

Veerswamy, R., Rathnaswamy, R., Raghupathy, A. and
Palniswamy, G. A. 1973. Genotypic and phenotypic
correlations in Cajanus cajan. Madras Agric. J. 60 :
1823-1826.

Wagh, U. R. 1976. Study of genetic divergence inpigeonpea. A
M. Sc. (Agri.) thesis submitted to MPKV, Rahuri.

*Wilk, S. S. 1921. Certain generalization in the analysis of
variance. Biometrics. 24: 471-494.

*Wilk, S. S. 1932. Analysis of pooled effect of characters for
estimation of genetic diversity. Biometrics. 73 : 128-
141.

*Wright, S. 1921a. Correlationand causations. J. Agric. Res. 20 :
557-586.

*Wright, S. 1921b. Systems of mating. Genetics. 6:111-178.
Electronic Journal of Plant Breeding, 1(4): 824-827
(July 2010).

--------------------------------------------------------------------------------
*Original not seen.

105

http://www.axpdf.com


aXpdf word to PDF Demo, http://www.axpdf.com

106

8. VITA

DEORE SANDIP GANGADHAR
A Candidate for the degree

Of
MASTER OF SCIENCE (AGRICULTURE)

In
Agricultural Botany

(GENETICS AND PLANT BREEDING)
2013

Title of thesis : Genetic variability, correlationanddiversity
analysis in pigeonpea
[Cajanus cajan (L.) Millsp.]

Major field : Genetics and Plant Breeding.

Biographical Information

Personal : Bornon 27th March,1989. Sonof Shri. Deore
Gangadhar Daji andSou. Deore Ranjanabai
Gangadhar.

Educational : Received Bachelor of Science (Agriculture)
degree from Dr.Ulhas Patil College of
Agriculture, Jalgaon.

Permanent Add.: A/P: Dahiwad,
Tal. : Deola,
Dist : Nashik.

(M.S.), Pin: 423102.
Email-id : sdipdeo11@gmail.com

________________________________________________________________

106

http://www.axpdf.com
Mailto:mailto:sdipdeo11@gmail.com
Mailto:mailto:sdipdeo11@gmail.com
Mailto:mailto:sdipdeo11@gmail.com
Mailto:mailto:sdipdeo11@gmail.com
Mailto:mailto:sdipdeo11@gmail.com
Mailto:mailto:sdipdeo11@gmail.com
Mailto:mailto:sdipdeo11@gmail.com

	

	

	CONTENTS


	Title
�
	       Matrix  A  	        Matrix   B 

	 a Wilk?s criteria 


