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ABSTRACT

GENETIC VARIABILITY, CORRELATION AND DIVERSITY
ANALYSIS IN PIGEONPEA (Cajanus cajan (L.) Millsp.)
By

DEORE SANDIP GANGADHAR

A candidate for the degree

Of
MASTER OF SCIENCE (AGRICULTURE)

In

AGRICULTURAL BOTANY

(GENETICS AND PLANT BREEDING)
Post Graduate Institute,
Mahatma Phule Krishi Vidyapeeth,
Rahuri - 431 722 (M.S.) India.

2013
Research Guide : Dr.M.R.Bedis
Department - Agricultural Botany
Major field : Geretics and Plant Breeding

The present study entitled Ceretic variahility,
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 seed yield and its various components.
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Abstract Contd& Deore S. G.

Fifty genotypes of pigeonpea were gromn and
evaluated at Pulses Improvenment 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 (%0, wilt (%), reaction to pod borer
(%), harvest index (%) and protein content (%).

The data revedled that, sufficient variability was
present anmong 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 in case of incidence of sterility
maosaic, wWilt 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, genctypic
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 maosaic (-0.085), harvest index (-0.068) and
protein content (-0.147).

Xiv
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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), folloned by days tc
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), folloned by reaction to pod borer (-0.150) on seed
yield. This suggests the importance of these traits while selecting
for improvement in seed yield.

The D2 statistics showed that, there was considerable
divergence anong the genotypes with D2 values ranging fromr
104.6 to 11047.96. On the basis of 2 values, 50 genotypes were
grouped into 9 clusters. Clustering pattern of these genotypes
did not necessarily follow the 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 aof 3.27 M.tonnes (Anonymous, 2011).

Pigeonpea is one of the inportant 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 (Anonynous, 2012b). In
conmparison with area under this crop in India (3.46 million
ha), it constitutes approximately 40.02% and also shares
egual 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 considered to be of the Indian origin
Pigeonpea is a rich source of proteins, carbohydrates and
certain minerals. Protein content of conmonly 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 legune, it has symbiotic association with
Rhizobium which play an 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, 2012¢). To break the
yield plateau in pigeonpea in India, one of the way is tc
understand the variability, correlation and diversity anong
various Vyield 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 selection and
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
programne for improvement of any crop, the information
regarding genetic variability and estimates of heritability
are pre-requisite. It is therefore necessary to cdllect,
conserve and study genetic diversity among various crops
in the form of germplasm.

Knowledge of variability in terms of genotypic
and phenotypic ooefficients of variation, genetic advance
and heritability is of immense importance in evolvement of
superior varieties. Also, it can be used for desired
improvement in existing varieties.

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 tc
evaluate or select for this complex character directly. More
efforts should be made towards indirect selection such as
determination of the association existing between other less
variable plant characters and yield. Selection pressure may
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Selection pressure may then be easily exerted on thaose
variables, which show close association with yield.

Wright (1921) suggested the nethod of
partitioning the correlation into direct and indirect effect by
path coefficient analysis. It provides useful information on
the relative ments of the traits in selection criteria.

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 anong the parents play
vital role in cultivar inpprovement because a cross involving
genetically diverse parents is likely to produce high
heterotic effect and nwore variability in segregating
generations, which can be wused for the desired
improvenmrent. Generally plant breeder select the parents on
the basis of phenotypic diversity. The knowledge of genetic
diversity anong the parents with respect to characters,
which are to be inproved is must.

The [ 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
programmre.

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



http://www.axpdf.com

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 inported to the
Eastward Anerica from Africa. Then the crop reached tc
Indonesia which helped its introduction into Madagascar.

2.1.2 Cytological studies

Roy (1933) reported for the first time, the
somatic chromaosome number in pigeonpea to be 2n =22.

Krishnaswami et al. (1935) observed the haploid
chromosome number N =11 in pigeonpea.

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 complenent 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 floners, seeds and pods by following workers:

From Madhya Pradesh alone, 36 types of pigeonpea
were identified by Mehta and Dave (1931).
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Shaw et al. (1933) have distinguished 86
different types from the gernplasm 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 floners and dark coloured pods each with 4-5 seeds. tur
variety includes early maturing, small plants bearing yellown
floners and plain pods 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
Pradesh both 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) obsened significant and
positive association of yield with clusters per plant in pigeonpea.

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 along with higher number of pods per plant.

Wagh (1976) reported that, grain yield per plant
in pigeonpea was highly and significantly associated with days tc
50% flowering, plant height, number of secondary branches,
number of seeds per pod and 100 grain weight.

Singh and Shrivastava (1977) reported the
positive significant association of grain yield per plant with plant
height, pod length and 100 grain weight in pigeonpea.
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Awatade et al. (1980a) observed that, seed vield is
positively and significantly associated with plant height, numiber
of branches, number of clusters per plant, number of pods per
plant and days to maturity in pigeonpea. The weight of 100 grain
was positively significantly associated with seeds per pod but
plant height had negatively correlated with numiber per plant.

Singh et al. (1982) studied correlation in F4
progenies of pigeonpea. They found that, seed yield per 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) olbserved that,
plant height, primary and secondary branches, pods per plant,
seeds per pod, weight of 100 grain had positive and significant
association with seed yield in pigeonpea.

Sidhu et al. (1985) observed positive and
significant association with seed yield with plant height, pods per
plant, seed size and seeds per pod in pigeonpea.

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 paositively 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 lewel.

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

Theyalsonoticedthat, the days to first flonering 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
significantly associated with seed yield 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 correlation with grain yield in pigeonpea.

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 with plant height,
days to maturity and 100 seed weight.

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

Dhameliya and Pathak (1995) reported that, 100 seed
weight showed positive significant genotypic and phenotypic
correlation with pod 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 numiber
of seeds per pod.

Salunke et al. (1995 revealed that, the vyield
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,
secondary branches, plant height and plant spread.
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Singh and Gunber (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, > and back cross
generations and with seed yield in parental and F. generation.

Mahajan et al. (1995 studied genctypic
correlation in 23 pigeonpea genotypes grown in 3 environments.
They observed that, pods per plant were significantly and
positively correlated with yield in all 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
association was 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
between percent pod damage and pods per plant.

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

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 % flonering and days to maturity.
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Chandirakala and  Subbaraman  (2010)
estimated nature and r‘r‘a(};%i_tude; 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 vyield. It is inferred that for inmproving 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 seed weight.

Linge et al. (2010) studied that grain yield was
found to be positively and significantly correlated with all
characters except for percent pod damege where the association
was negative and significant. It indicated that these characters
are useful for taking them as 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) naoticed 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 flonering. The GCV estimates were high for
clusters, seeds weight of pods, branches per plant, plant height
and days to floner, however, the estimates were low for days tc
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 and yield per plant.

Wagh (1976) have studied 79 genotypes and
noticed sufficient variation for various characters. He reported
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that, higher hentable variation for days to 50% flowering,
number of secondary branches, leaf area and 100 grain weight.

Malhotra and Sodhi (1977) observed significant
differences anong the genctypes for all characters under study.
GCV was highest for branches per plant folloned by grain yield,
cluster numibcer and pod number per plant.

Singh and Srivastav (1977) noticed that,
maximum GCV for numiber of secondary branches follonwed by
yield and 100 grain weight.

Sheldrake and Narayanan (1979) reported that,
harvest index of pigeonpea was low and ranges between 25-3C
%.

Awatade et al. (1980b) reported significant variation
for 7 yield comporents anmong F2 and F3 progenies of 12 crasses
involving pigeonpea. They also observed that phenotypic
coefficient of vanation was generally greater than genctypic
coefficient of variation for the characters studied.

Baininal et al. (1981) reported the maximurr
variabhility for secondary branches followed by primary branches
and seed yield in pigeonpea.

Shoran (1983) noticed higher phenctypic
variability for all the characters except seeds per pod. High
estimates of GCV were obtained for pods per plant, days tc
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 and pods 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 high estimates of GCV and 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.

10
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Bhongale and Raut (1987) reported highest GCV
for yield per plant followed by numiboer 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 high GCV 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 Guner (1996) reported that, the
analysis of variance showed significant differences for all the
traits studied in each generation viz., parental, F1, > and back
Cross generations in pigeonpea.

Thombare (1997) noticed that, GCV as well as
PCV were the highest for the numiber of secondary branches per
plant folloned 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), noderately resistant (10.1 20.0%), moderately
susceptible (20.1-40.0%), and susceptible (40.1 100%). Alsc
reported the reaction of pigeonpea genotypes to Phytophthora
blight (PB), wilt and sterility masaic (SM).

Sreelakshmi et al. (2010) studied for genetic
divergence using Mahalanobis D2 statistic indicated wider
genetic diversity. Considerable variability was obsened for days
to 50% flowering, days to maturity, plant height, number of pods
per plant and seed yield due to non-linear pooled deviation.

2.3 Path analysis
Veerswanmy et al. (1973) observed the maximum influence of
number of branches on the seed vyield directly.
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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 in pigeonpea. 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 independently but 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 on yield.

Ahuja et al. (1981) observed that, significant
positive correlation of plant height with yield in pigeonpea was
mainly due to indirect effects via numiber of pods per plant. Pods
per plant were the most important character folloned 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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alsonaticed that, the days to first flowering had a direct negative
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They also noticed that, the days to first flonering 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 in pigeonpea. 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 independently but 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 on yield.

Ahuja et al. (1981) observed that, significant
positive correlation of plant height with yield in pigeonpea was
mainly due to indirect effects via numiber of pods per plant. Pods
per plant were the most important character folloned 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 would be most advantageous in pigeonpea.

High direct and indirect effects of days tc
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
secondary brandhes had high direct and indirect contributions tc
pods per plant. This revealed that these traits may be used for
yield improvenment in pigeonpea.

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 developnmental components in pigeonpea.

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

Marekar and Nerkar (1987) reported that, the
grain yield in pigeonpea was positively and directly affected by
the traits like days to first flonering, 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 with plant height, branches
and pods per plant at genotypic level. These characters were
reported to have the greatest direct effect on seed yield. Days tc
maturity were observed to be nmoderately associated with seed
yield and hence, these characters were enphasized for inclusion
in yield inprovement programmre.

Raut and Bhongale (1988) reported that, the
characters like days to 50% flowering, pod weight, pod length
had direct effect on seed yield in pigeonpea.

13
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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 floner, 100 seed weight, number of branches
per plant and pods per plant should be given greater emphasis
while selecting high yielding 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 yielding strains.

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 on grain yield 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
grain yield.

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

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

yield in pigeonpea.

14
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Through the path analysis studies in pigeonpea
Srinivas et al. (1999) concluded that, 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, numier of grains per pod and days to 50% flonering. The
direct effects of the remaining characters on grain yield were
negative and of low magnitudes. 100 grain weight and number of
grains per pod had no correlation with grain yield per plant.

Sawant (2001) reported that, number of pods
per plant, plant spread, 100 grain weight and days to 50%
flonering had high direct effect on grain yield. So these are the
moast 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 vyield per plant. Correlations of
number of pods per plant and harvest 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

Bainwval and Jatasra (1980) reported a
guantitative assessment of genetic diversity in pigeonpea for 1C
characters in relation to productivity and survival. They found
that maximum divergence was due to the plant height follonwed
by pod length and days to flonering and also concluded that
geographic diversity did not seem to have direct association with
genetic diversity.

Asawa et al. (1981) observed a corsiderable
amount of genotypic diversity in pigeonpea due to seeds per pod.

15
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Dumbre (1981) grouped 54 genotypes of
pigeonpea into 21 clusters. He concluded that, there was Nnc
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 improvenment in pigeonpea.

Patel et al. (1988) grouped 40 strains of
pigeonpea into 9 clusters by using Mahalanobis D2 statistics.
Number of secondary bramnches per plant, pods and clusters per
plant were the main discriminatory 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 diversity was not always related to geographical diversity.

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

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

Singh and Gunber (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 anmount
of genetic diversity was produced as the Fis, Fzs 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 nean 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 dbserved that, clustering pattern
did not necessarily follow geographic 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 odbserved substantial genetic diversity among the
genotypes studied.

Sreelakshmi et al. (2010) studied for genetic
divergence using Mahalanobis D? statistic indicated wider
genetic diversity. Considerable variability was obsened 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 dharacters studied, seed vyield
contributed the most (89.49%) towards the divergence of
genotypes follonved by number of pods per plant, days to 50%
flonering and plant height. The genotypes were grouped into 8
clusters, maximum inter cluster distance being observed
between the clusters Il and VI (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 vield. 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
rich cultivation.
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3. MATERIAL AND METHODS

The present investigation entitled, Ceretic
variability, correlation and diversity analysis in pigeonpea
[Cajanus cajan (L) Millsp] was conducted at Pulses
Improvement Project, MPKV, Rahuri during August 2012 to
February 2013, envisaged the studies on:

1) Genetic variability
i) Correlation and
lil) Genetic diversity by D2 statistics.

The details of the material used, method adopted
and statistical analysis folloned during investigation are
described below:

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 gerotypes were received from Pulses Inmprovement
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-/8 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
3 PT-04-415-1 MPKV, Rahuri
A 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-# 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:

Hfty genotypes were evaluated in a Randomized
Block Design with three replications at Pulses Inprovement
Project, MPKV, Rahur-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 c within rows was maintained.

3.3. Cultural practices:

Land selected for experiment was medium black.
The crop was fertilized at the rate of 25 kg N and 50 kg P20Os per
hectare as a basal dose. One irrigation was given immediately
after sowing in order to ensure better germination and
sulbsequent irrigations were given at an interval of 20-30 days.

COther 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 flonered was recorded and the number of days from
actual germination to 50% flonering 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

ground level to the growing tip of the main shoot in centimeters.
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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
main shoot 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 olservational
plants were counted to work out the numiber of seeds per pod at
maturity.

3.4.9. 100 seed weight (g):

Weight of 100 seed from random individual plant
was recorded.

3.4.10. Seed Yield/plant (g):

Weight of seeds harvested from individual plant
was recorded in gm.

3.4.11. Harvest index (%0):

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

Incidence of SM was recorded at flonering 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 gm seed in spectrometer protein analyser.

3.5. Statistical analysis:

The mean values of five randomly selected plants
for fifteen different characters were used for statistical analysis.
The follomng statistical parameters were calculated for
presentation of data on different quantitative attributes.

3.5.1. Analysis of variance:

The data collected on individual characters were
subjected to the method of analysis of variance conmmmonly
applicable to the Randomized Block Design (Panse ard
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. Source of d.f. MSS F ratio | Table value

No. variation t at 5% or
1% level

1 Replications (r-1) Mr Mr/E

2 Treatments (t-1) Ms Ms/E

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

4 Total (rt-1 - -

Whrere,

I - 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 by using following formula:

X= (1/n)( nXi)
=1
Where,
X1 : Sum total of the character
n : Number of observations
b) Range:

The lowest and the highest values of mean for
each character represented the 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) SEofmean[SEM]= V\e/r

i) The standard error of difference between two means
was calculated as:
SE difference=SE(m) x ¥

i)  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 phenctypic and genotypic variances were
calculated by utilizing the respective mean square values
(Johnson et al. 1955).

1)  Environmental Variance ( %) = M

i)  Genotypic Variance ( 2g) = (MSg - MSe)/r

i)  Phenotypic Variance ( 20)= 29+ 2e
Where,

MSg : Genotypic mean sum of square

MSe : Error mean sum of 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 calculated by following Burton and Devane (1953).
)] Genotypic coefficient of variation (GCV):

GCV = \/2g/ Xx 100
Where,

2g . Genotypic variance

X : General mean of the characters
i) Phenotypic coefficient of variation (PCV):

PCV= \7p/ Xx100

Where,

2p : Phenotypic variance

X : General mean of 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
each character as:

~

Ay
Heritability (b.s.) = ——%260
o
Where,
Mg :  Genotypic variance
Ap :  Phenotypic variance

3.5.2.5 Genetic advance:
Genetic advance was calculated by the formula
suggested by Johnson et al. (1955).
GA=(2Qg/ ?2px pxK or
GA =Kxhz(b.s)x p
GA

G.A. as percentage of mean = x 100

X —
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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 broad sense
X : Mean of the character.

The range of genetic advance as per cent of

mean was classified as suggested by Johnson et 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 fallowing Singh and Chaudhari (1977).
3.5.3.1 Phenotypic correlation coefficient (rp):

It is derived by
Covariance (X.Y)p

Np12=
v Variance Xpx Vanance Yp

Where,
I'n..2 : Phenotypic correlation between character X
andY,
p : Phenctypic
3.5.3.2 Genotypic correlation coefficient (rg):
It is derived by as follows:

Cov (X Y)g

lg1.2=S

v Variance Xgx Variance Yy
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Where,
rg12: Genotypic correlation between character X and Y
g . Genotypic
The significance of the phenotypic and genctypic
correlation coefficients were tested by t test (Panse and
Sukhatme, 1985)
t=rvin 2)/1 r2

Where,
r : Correlation coefficient
N : Total numiboer of observations

The calculated t value was tested with table t

value for respective (n-2) degrees of freedom for significance.
Significance of vanous correlation coefficient at 1 and

5 per cent level of significance were tested by FHsher 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 tc
prepare the path diagram based 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 X,
Xo, X3 as casual factors. These components showed following
type of association with each other.

Y X

< 1] N
A
XXZ <
k j
</

26



http://www.axpdf.com

In path diagram yield is the result of X3, Xo, Xz
and some other undefined factors designated by R The double
arrowv lines indicated natural association as measured by
correlation and the single arrows represents direct influence as
measured by path coefficient P

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

Ny = Py + P2y + maPsy + & && & && & & ..
Where,
Iy : represents the correlation between nth character and yield.
Pry : represents the path coefficient between the nth character
and yield,
Iz : represents correlation between nth character and second
character.

Matrix A Matrix B

r

ly rll r12 I’-13"'r1n

I r-21 r22 I’-23"'r2n

2y
rr3y r-nlrnzrn3"' 1

Where,

re = r and so on and riy represents correlation between
one component character and yield.

The B matrix was inverted [B]-X and path coefficients (Pij)
were obtained as:

(Py) = Ax[B]2

The indirect effect of a particular character

through other characters was obtained by muiltiplication of direct
paths and particular correlation coefficient between the
characters separately.

Indirect effect = rij X Pj
Where,

[ :1to9

j :1to10

PIJ . PlyPZy&& Pny
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Path coefficients (Pij), correlation coefficient (ri)
and residual factors (R) were diagrammatically presented. The
residual factor, i.e. variation in yield uncounted for by these
associations, was calculated from the following formula.

Residual factor (R) = /i R?)
Where,

R2 = Pay.Iry + Pay.Ioy + P33y +& &. . APny.Iny
Where,

Py, Py& && & & &. Pny =Path values

ry, ry&&&&&&. my = Correlation coefficients.
3.5.5 Genetic diversity
D2 analysis

The analysis of divergence was carried out by D2
statistics of Mahalanobis (1928, 1936) as described by Rac
(1952). Aralysis 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 used for further analysis of D2 statistic. The
analysis of covariance for character pairs, based on plot averages
was carried out (Cochran and Cox, 1957).

a) Wilk s criteria

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

Where, |E| is the determinant of experimental error sum of
sguares and sum of 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 =-mloge

Where,
(p+at+1)
m=n-———————
2
Where,

N: N1 + &&&&+NK-1 = Total number of dbservations-1
p : Number of characters
q: K1
K': Number of varieties
b) Mahalanobis generalized distance:
The generalized distance between two
populations is defined by Mahalanobis (1936) as:
D2=D2="7?7? »ij. di. d,.
Where,
»1.] : Reciprocal matrix to the comnon dispersion
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 jth character.
c) Computation of D2 values
For each combination, mean deviation i.e.

vi ¥ owith i=1, 2, &&p, was conmputed and the D2 was

calculated as sum of the sguares of these deviations i.e.
i Y2

d) Determination of population constellations

No rules can be laid down for finding the clusters because

cluster is not awell defined term The only criteria appears to be

that, any two genotypes belonging to the sane clusters should be
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same clusters should be at least, on an average show a smaller
D2 values than those belonging to two different clusters.
A sinple method suggested by Tocher (Reo,
1952) for cluster formation is to start with two closely related
genotypes and find a third genotype which had the smaller
average D2 value from the 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 2 value of a genotype
appears to be high than thaose 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
omitted and the rests are treated similarly to form next cluster.
e) Average intra cluster distances
The intra cluster distances were calculated as:
D2/n
Where, D2 : sumof distance between all possible combinations
of (n) genotype included in cluster.
N : number aof genotypes included in a cluster.
f) Average inter cluster distance
The procedure followed for calculating the inter
cluster distances was first to measure the distance between
cluster | and Il, between | and Ill, between | and IV and so on,
likewise the clusters were one by ore and the distance fromr
other clusters were calculated. The awverage inter cluster
distances were then calculated as:
D2 /(nin;)
Where,
ni - Number of genotypes in cluster i and
n; : Number of populations in cluster j
T