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Introduction

The grain legumes commonly known as pulses form an
important and ancient component of Indian agricultural system They
occupy a umgue pos1tPn it the world agriculture as well by virtue
of their high protemn content and their capacity for directly using
the inexhaustible stock of atmospheric Nitrogen The pulses serve as
a valuable supplement to the cereal based diet especially in areas
where amimal protein 1s less available A balanced diet should
contain three ounces of pulses per day per adult to meet the protein
requirement (Aykroyd and Doughty 1964) Pulses contain 22-24
percent protein which 1s much more than that available in cereals
The present production of pulses grown m an area of 22 million
hectare in India is 12 97 million tonnes with a per hectare yield of
537 kg In Kerala pulses occupy an area of 24285 hectares with an
annual production of 18552 tonnes with a productivity of 764 kilogram

per hectare (Anon 1990)

Cowpea (Vigna unguiculata (L ) Walp) 1s one of the

cheapest sources of protein It contains wvitamins and minerals like
calcium and sodium The crop 1s so versatile that i1t always
becomes an amportant plant i1n intercropping rotation cropping and
relay cropping It 1s an excellent crop for green manure as well and1s

grown in almost all states of India In Kerala cowpea can be



grown 1n all the three seasons Bulk of the cultivation 1s 1n
summer rice fallow during the third crop season During the
kharif season cowpea 15 cultivated as a pure Crop or as an
intercrop 1n  tapioca or as a floor crop in coconut gardens
However the availability of open space for extending the area under
this crop 1s very limited Therefore the possibility for extending
the cultivation of cowpea in the interspaces of coconut gardens has
to be explored The non availability of a variety suited to
partially shaded conditions 1s a limitation 1n this context
Therefore the identification of a new variety with high yield
potential and suitability to partial shaded conditions can go a long
way in extending the cultivation of this crop as a compocnent of

the coconut based farming system

Evaluation of high yielding cultivars suited to shaded
conditions requires a good knowledge of the genetic basis of the
different components associated with yield Most of the present
day cultivars have been developed through selection Comparatively
very little effort has been made for generating additional variability
through hybridisation This 1ndicates the necessity for undertaking
extensive breeding programmes utilising large numbers of genetically
divergent stocks of cowpea available in different regions or locally
adopted varieties divergent for quantitative characters for evolving

varieties with high yield potential



In an earlier study conducted in the Department of Plant
Breeding the variety Chharodi 1 has been found as shade tolerant -
It was 1in this ©background that the present investigation was
undertaken to assess combining ability with respect to seed yield and
other characters nature and magmitude of gene action and to 1isolate

high yielding genotypes with early synchronous maturity and shade

tolerance



REVIEW OF LITERATURE



Review of Literature

Combining abality

Combining ability 1s the ability of a strain to produce
superior progengy on hybridisation with other strains Information on
the nature of general and specific combiming ability with respect to
parents and hybrids will facilitate the breeder to plan the breeding

programme effectively

Days to flowering

Both general and specific combining ability variances were
found significant for this character in mungbean (Deshmukh and
Manjare 1980) cowpea (Zaveri et al 1983) greengram (Patel et al
1988) chickpea (KRatiyar et al 1888) and in peas (El Muraba et al

1988 and Moitra et al 1888)

A line x tester analysis involving 4 testers and 10 lines of

Vigna unguiculata 1ndicated that both general combining ability

(g c a) and specific combiming ability (s ¢ a) were important for
days to 50 percentage flowering with more importantance to g c a
(Mishra et al 1987) In another line x tester analysis using
chickpea varieties Mandal and Bahl (1987) revealed that g c a

estimates were non sigmificant for this character



Saxena et al (1989} observed in a diallel crossing system
of redgram that the ratio of general to specific combiming ability
mean squares was high This 1s in line with the findings of Singh
and Dhaliwal (1970) in blackgram Fooland and Bassiri (1983) 1in

Phaseolus vulgaris Wilson et al (1985) in greengram Csizmadia

(1985) and Ranalli et al (1989) in pea and Cheralu et al (19839) in

redgram

But in a diallel crossing system of bengal gram Pande et
al (1979) observed that the s c a variance was higher than gc a

variance

Days to maturity

For days to maturity both general and specific combining
ability variances were found sigmificant 1n mungbean (Deshmukh and
Manjare 1980) cowpea (Zaveri et al 1983) and in pea (Moitra et al,

1988)

Analysis of a half diallel cross of 8 cowpea varieties
revealed that both general and specific combining ability variances
were important but magmtude of g ca variance seemed to be
comparatively much higher (Chauhan and Joshi  1981) Similar
results were found i1n soybean by Srivastava et al (1977) 1in green

gram by Wilson et al (1985) and in blackgram by Singh et al (1987)



In a diallel cross of Arachis hypogaea Habib et al

(1985) noticed that variance due to g ¢ a was highly significant and
was higher 1n magnitude than the s ¢ a variance On the contrary
only s ca was found to be significant for this trait in chickpea by

Katiyar et al (1988)

Plant height

Analysis of wvariance for combiming ability showed
significant diafference for g c a as well as s ¢ a variances for plant
height 1n  mung bean (Deshmukh and Manjare 1980) pea
(Venkateswarlu and Singh 1981 Moutra et al 1988 and El-Muraba et
al 1988) and 1n chick pea (Katiyar et al 18988) But general
combining ability variance was found predominant for the same
character in chick pea (Pande et al 1979) groundnut (Habib et al
1985) greengrem (Wilson et al 1985) and in redgram (Saxena et al

1989)

High g c a variances were reported by Fleck A Von and
Ruckenbauer (1989) in faba bean This 1s in line with the findings
of Srivastava et al (1977) in soybean Cheralu et al (1989) in red
gram and Tewatia et al (1988) in pea On the contrary s ¢ a was
found as dominant component by Kaw and Madhavawsyenon (1977) in

soybean and Rajarathmmam and Rathnasamy (1990) in black gram



Number of branches per plant

Highly sigmficant g ca and s ca were found but gca
was more important than s ¢ a for this character (Habib et al 1985
i groundnut Nienhuis and Smgh 1986 in field bean and Saxena and
Sharma 1989 in green gram) whereas s c a was found higher than
gca i blackgram by Singh et al (1987) and Rajarathmnam and

Rathnasamy (1990)

In chickpea g c a alone was found significant in a diallel
cross performed by Pande et al (1379) and only s c a was found
significant in another diallel cross done by Katiyar et al (1988)
High and positaive g c a effect was noticed in red gram for number

of branches per plant by Cheralu et al (1889}

Number of pods per plant

Mak and Yap (1977) 1n cowpea Deshmukh and Manjare
(1980) 1n mung bean Zaveri et al (1983) in cowpea De—sﬂva?\dOmran
(1986) in winged bean Katiyar et al (1988) in chickpea Hazarika et
al (1988) in redgram and Moitra et al (1988) in pea observed that
the variances due to gca and s c a were significant But general
combining ability was found to be predominant even though bothwere
significant (Chauhan and Joshi 1981 in cowpea Wilson et al 1985
in greengram Habib et al 1985 in groundnut and Naumkina 1987 in

pea) whereas s ¢ a was reported to be higher than g ¢ a by Pande

et al (1979) in chickpea Fooland and Bassiri (1983) in field bean



Singh et al (1987) in blackgram Kumar and Bahl (1988) and Bahl and
Kumar (1989) in chickpea and Rajarathinam and Rathnasamy (1990) 1n

urd bean

Only g c a was found highly significant in a 12x12 partial
diallel cross of pea by Tewatia et al (1988) Similar results were
obtained by Ranalli et al (1989) in the same crop and Cheralu et al
(1989) and Sexena et al (1988) in redgram On the contrary only
s ¢ a mean square was found significant in faba bean by Mahmoud and

Al Ayob1l (1987) 1in greengram by Saxena and Sharma (1883) and in

blackgram by Kalia et al (1891)

Length of pod

Combining ability analysis of a diallel cross of cowpea by
Singh and Jain (1972) indicated the importance of both general and
specific combiming ability variances for length of pod Similar
results werg also obtained by Mak and Yap (1977) 1in the same
crop Patel et al (1988) in greengram and Kaua et al (1991) 1n
blackgram Eventhough both gca and s ca mean squares were
1mportant g ¢ a variance was found higher than s ¢ a variance 1n
cowpea by Chauhan and Joshi (1981) and in greengram by Wilson et
al (1985) But in winged bean the variance due to s ¢ a (Erskine
and Kesavan 1981) and in pea variance due to g C a (Tedatia et al

1988) were found highly significant



Number of seeds per pod
Both gca and s ca varances were important for thas
trait (Mak and Yap 1977 in longbean Pande et al 1879 in

v
Omran, 1986

a
chickpea Chauhan and Joshi 1981 in cowpea De silva ,

in winged bean Katiyar et al 1988 in chickpea and El Muraba et al

(1989) in pea and in mungbean by Saxena and Sharma (1989)

Combining ability studies of 25 chickpea hybrids derived
from crosses of 5 lines and 5 testers with their Fz and parents by
Bahl and Kumar (1989) revealed that the s c a estimates were
greater than those for g c a Mahmoud and Al Ayobi (1987) in faba
bean Saxena et al (1889) in redgram and Ranalll et al (1889) in pea
observed that wvariance due to g ca was sigmficant for this

character But Singh and Jamn (1972) in cowpea and Kalia et al

(1991) in blackgram noted that only s c a variance was important

100 - Seed Weight

Singh and Jain (1972) and Mak and Yap (1977) in cowpea
Deshmukh and Manjare (1980) in mung bean Singh et al (1985) in
field pea Patel et al (1988) in greengram Katiyar et al (1988) in
chickpea Jhorar et al (1988) in clusterbean and Moitra et al
(1988) 1n pea reported that wvariance due to gca and s c a were
important for this trait Combining ability analysis from the F, and

1

Fz diallel generations 1involving seven diverse derivatives of
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soybean by Srivastava et al (1977) revealed that even though both

g ca and s ¢ a variance vere sigmficant the estimates of gc a

variance was higher than s c a variance Similar results were

obtained by Pande gt al (1978) in chickpea Cha;lhan and Josha
aw

(1981) in cowpea Fooland and Bassiri (1983) Smgh.\salm (1L986) and

Nilenhuis and Singh (1986) in Phaseolus wvulgaris and Bahl and Kumar

{(1989) 1n chickpea and Fleck A von and Ruckenbauer {1989) in Vicia

faba On tne contrary analysis of combining ability data from

crossing chickpea cultivars i1n a line X tester fashion revealed that
g ¢ a estimates were non-significant for 100-seed weight (Mandal ave

Bahl 1987)

Seed y:ield per plant

Data from an 8 line x 4 tester analysis of Cajanus cajan
indicated that both g ca and s ¢ a variances were significant for
seed yield per plant (Hazarika et al 1988) This i1s i1n line with
the findings of Singh and Jain (1972) and Zaveri et al (1983) n
cowpea Deshmukh and Manjare (1980) 1n mungbean Singh et al
(1985) in field pea Singh et al (1987)) and Moitra et al (1888) 1in
pea Arora and Pandya (1987)and Katiyar et al (1988) in chickpea aond
Haque et al (1988) and Moitra et al (1988) in blackgram Saxena and

Sharma (1989) has also got the same results in greengram

A half diallel of seven short duration pigeonpea lines was

evaluated by Saxena et al  (1989) and the results indicated that



i1

g ¢ a variance predominated Similar results were obtained in a 5x5

diallel cross of Dolichos lablab by Singh et al (1980) 1in cowpea by

Chauban and Joshi (1981) 1n green gram by Wilson et al (1985) in

G
groundnut by Habib et al (1985) 1n French bean by Singh Saini

L3

(1986) and Mienhuis and Singh (1986) 1in pea by Naumkina (1987)
and Tewatia et al (1988) and in pigeonpea by Cheralu et al (1989)
In long bean Mak and Yap (1977) observed that only g c a was

si1gnificant

The estimates of mean squares due to s c a were greater
than their respective mean squares due to g c a as reported by
Pande et al (1979) in chickpea Fooland and Bassiri (1983) in
common bean De sﬂvaa:dOmran (1986) in winged bean Mshra et al
(1987) 1n cowpea Singn et al (1987) in blackgram Mehtre et al
(1988) 1n pigeonpea Kumar and Bahl (1988) and Bahl and Kumar
(1989) in chickpea and Rajarathinam and Rathnasamy (1990) and Kalia

et al (1991) in urd bean

Chlorophyll content
Combining ability analysis showed signmificant difference for
gca as well as s ca for chlorophyll a b and total

chlorophyll content in brinjal (Chadha et al 1988)

However gca was found predominant for flag leaf

chlorophyll in bread wheat (Ellison et al 1983) and for chlorophyll
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a b and a+b in sorghum (Cheng et al 1885) On the
contrary Patel and Kukadia (1986) observed 1in pearl millet that

s ¢ a was more important than g ¢ a for chlorophyll content

Reaction to pests

Both general and specific combiming ability variances were
found sigmficant for resistance to different pests as reported by
Hsich and Pi1 (1888) against aphad and Dabholkar et al (1989) against
shoot fly in sorghum However a preponderance of g c a effect
over s ¢ a effect was observed for resistance todifferent crop pests
in several plants 1like European corn borer in maize (Khalifa
and Drolsom 1988 and Kim et al 1989) and shoot fly in Zorghum
(Dixon et al 1980) On the contrary Holley et al (1985) reported

that for resistance to the insects Franklimella fusca and Heliothis

zea 1n groundnut s ¢ a vas important

Gene Action
The development of a plant breegding strategy hinges mainly
on the support provided by genetic information on the inheritance

and behaviour of major quantitative characters

The combining ability 1s determined by two types of gene
action namely additive and non additive The additive effects are

mainly due to polygenes which act in additave manner producing
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fixable effects The non-additive gene action results from
dominance epistasis and various other interaction effects which are

non-fixable

Days to flowering

Studies by Mehtre et al (1988) 1n Cajanus cajan Pandey
and Tiwari (19838) 1in chickpea and Swngh and Singh (1990) 1n pea
revealed that both additive and non-additive gene effects were

important for days to flowering

Combiming ability analysis of chickpea varieties showed the
existance of both additive and non-additive gene action but additive
gene was predominant (Pandey and Tiwari 1983) in Vicia sativa
Similar results were obtained by Kanarskaya and Kalinina (1981) and
Dubey and Lal (1983) in pea Rao et al (1984) and Wilson _et_als
(1985) 1in greengram Salimath and Bahl (1985) in chickpea Patil and

Bhapkar (1986) in cowpea Singh et al (1986) in Lalab purpureus

Katiyar et al (1989) in chickpea Das and Dana (1990) in rice bean

and Rejatha (1992) in cowpea

Singh and Dhaliwal (1970) Venkateswarlu and Singh (1981)
Gsizmadia (1985) Yadavendra and Sudhirkumar (1987) Gil and Martin
(1988) and Tawar et al (18989) opined that only additive gene
effects controlled days to flowering 1n blackgram pigeonpea pea

chickpea Vicia faba and soybean respectively
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High s ¢ a variances over g c a variances 1ndicated that
this character was under the control of non additive gene effects in
chickpea (Pande et al 1979) in mungbean (Deshmukh and Manjare

1980) and in cowpea (Zaveri et al 1983 and Anilkumar 1993)

Complementary type of epistasis was observed for the
expression of this character in green gram as reported by Rao et al

(1984) and Muker et al (1988)

Days to maturity

From a 6 x 6 diallel cross in urdbean the combining
ability studies by Sandhu et al (1981) revealed that both the
additive and non-additive effects were important for days to
maturity Similar results were also obtained by Habib et al (1985)
in  groundnut Singh et al (1987) in pea Mehtre et al (1888) in
pigeonpea Pandey and Tewari (1989) in chickpea and Singh and Singh

(1990) i1n pea

A preponderance of additive gene effects were reported 1in
green gram {Rao et al 1984 and Wilson et al 1985) cowpea
(Patal and Bhapkar 1986} chickpea (Katiyar et al 1988) and 1in
pea (Sharma and Nishi Sharma 1988) On the contrary a
preponderance of non-additive gene effect was noticed by Deshmukh

and Manjare (1980) in mungbean Sandhu et al (1981} 1n black gram



[
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Zavery et al (1983) in cowpea Singh et al (1987) in blackgram
Patel et al (1987) in redgram Katiyar et al (1987) in pea and

Anilkumar (1993) in cowpea

Chauhan and Joshi (1981) and Yadavendra and Sudhirkumar
(1987) opined that only additive gene effects were important in
cowpea and chickpea respectively and according to Salimath and
Bahl (1985) only non additive genetic variance was sigmificant in

chickpea

Duplicate type of epistasis was observed for this character
in greengram (Rao et al 1984) Gene effects were estimated using
parents Fl F2 EC1 and BC2 generations of a cross involving
genetically diverse varieties of chickpea by Sharma et al (1988) and
the 1nheritance appeared to be under the control of dominance
variance and epistasis Similar results were obtained by Shinde and
Deshmukh (1990} in the same crop and they opined that additive

dominance dominance x dominance and additave x addative

interactions were important for this trait

Plant height
Plant height was observed to be influenced by the action of
both additive and non additive gene effects as observed in blackgram

(Sandhu et al 1981) mung bean (Rao et al. 1984) groundnut (Habib
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et al 1985) npea (Swingh et al 1987) pigeonpea (Mehtre et al
1988) chickpea (Pandey and Tiwari 1989) and in pea (Singh and

Singh  1990)

Pande et al (1978) after studying combiming ability 1in a
diallel of chickpea opined that additive genetic variance was hagher
than dominance variance for this character This was further
supported by Deshmukh and Manjare (1980) 1n green gram
Venkateswarlu and Singh (1981) in pea Rao et al (1984) and Wilson
et al  (1985) 1in greengram Manocharan et al (198b) in groundwt
Yadavendra and Sudhir Kumar (1987) in chickpea Sharma and Nishi
Sharma (1988) in pea Katiyar et al (1988) in chickpea Loiselle et
al (1890) 1n soybean Natarajan et al (1890) in greengram and Das

and Dana (1990) in rice bean

On the contrary variance due to s ca was found
predominant indicating the preponderance of non additive gene action
for the expression of plant height in Vicia sativa (Kanarskaya and
Kalimina 1881) 1n pigeonpea (Patel et al 1987) 1in chickpea
(Salimath and Bahl 1983) 1n cowpea (Thiyagarajan et al 1930) and

wn blackgram (Rajarathinam and Rathnasamy 1990)

According to Rao et al (1984) duplicate type of epistasis

was important for plant height in mgngbean The inheratance of this



17

character was appeared to be under the dominant and epistatic gene
effects as reported by Sharma et al (1988) after studying the
parents Fl Fz BCl and EC2 generations of the cross involving
genetically diverse varieties of chickpea Singh and Singh (1930)

also had the same opimion and 1n pea among epistasis additive X

additive interaction contributes more

Over dominance was observed by Tawar st al (1989) in

soybean for plant height

Number of branches per plant

10 x 10 diallel analysis of pea by Singh et al (1987) a
combining ability analysis of Cajanus cajan varieties by Mehtre et al
(1988) a combiming ability study in chickpea by Pandey and Tiwari
(1989) and a 12 x 12 diallel analysis of pea by Smngh and Singh
(1990) showed that significant additive and non-additive variances

occurred for number of branches per plant

Studies conducted by Malhotra (1983) in blackgram Dubey
and Lal (1983) and Sharma and Nishi $harma (1988) in pea Katiyar
et al (1988) in chickpea Saxena and Sharma (1989) in greengram and
Tawar et al  (1989) in soybean revealed that g ¢ a variance wa
predominant for this character indicating the importance of additive

gene effects
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Non additive gene effects were found to control the
character number of branches per plant i groundnnut (Habib et al
1985) in blackgram (Swngh et al 1987) n chickpea (Yadavendra
and Sudhirkumar 1987 and Salimath and Bzhl 1989) 1in cowpea
(Thayagarajan et al. 1990) and 1n wurdbean (Rajarathinam and

Rathnasamy 1890)

For the inheritance of this character in greengram addative

component was significant and dominance component was not
significant The preponderance of duplicate type of epistasis was
observed (Muker et al 1988) Importance of dominance effect was

noted by Das and Dana (1990) in rice bean

In a scaling test with 5 generation means of 5 crosses of
chickpea Shinde and Deshmukh (1990} showed the involvement of
epistatic gene action in the expression of fruiting branches per
plant Additive and dominance gene effects dominance x dominance
and additive x additive interactions were important Similar results

were also obtained by Vindhiyavarman et al (1990) in groundnug

Number of pods per plant
Results from analysis of a diallel cross involving 10
varieties of pea ndicated the importance of additive and non

additive genetic effects for number of pods per plant (Singh and
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Singh 1990) This 1s in line with the findings of Rao et al (1984)
and Dasgupta and Das (1987) in mungbean Singh et al (1987) in pea
Mehtre et al (1888) in redgram Onkar Singh and Paroda (1989) in

chickpea and Natarajan et al (1990) in green gram

Combining ability studies revealed that both general and
specific combining ability variances were important but magnitude of
g ¢ a variance seemed to be comparatively much higher for number
of pods per plant vhich suggested that additive gene action
preponderated 1its influence in the inheritance of this trait in pulses
like cowpea (Chauhan and Joshy  1981) blackgram (Dahiya and
Waldiya 1982) pea (Dubey and Lal 1983) greengram (Wilson et al.
1985) pigeonpea (Patel et al 1987) pea (Sharma and Nishisharma
1988) chickpea (Sharma et al 1988 Katiyar et al 1988 and
Salimath and Bahl 1989) urdbean (Sharma and Rao 1990) and

cowpea (Thiyagarajan et al 1980)

In chickpea (Pande et al 1979) greengram (Deshmukh and
Manjare  1980) chickpea (Singh and Ramanujam  1981) cowpea
(Zaver1 et al 1983) pigeonpea (Singh et al 1988) chickpea
(Yadavendra and Sudhirkumar 1987) greer?iam (Saxena and Sharma
1989) blackgram (Ra)arathinam and Rathnasamy 1990) and in cowpea
(vaagarajan 1990 and Amlkumar 1893) 1t was observed that the

s ¢ a variance was predominant 1ndicating the preponderance of non
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additive gene action But according to Sandhu et al (1981) and
Habib et al (1985) only non additive gene effects were sigmificantly

influencing this character in blackgram and groundnut respectively

Complementary and duplicate types of epistasis were seen to
be 1mportant for the expression of this character in mungbean as
reported by Rao et al (1984) The preponderance of duplicate type
of epistasis was observed 1n green gram by Muker et al (1988) and
complementary type of epistasis in chickpea by Pandey and Tiwara
(1989) Tawar et al (1389) reported that over dominance was

important i1n soybean for number of pods per plant

Scaling test with 5 generation means showed the 1r§olvement
of epistatic gene action and dominance gene action for number of pods
per plant in pea (Singh and Singh 1990) and chickpea (Shinde and
Deshmukh , 1990) But among epistasis additive x additive
interaction component contributes more i1n pea (Singh and Singh 1990)
and in chickpea additive and dominance gene effects dominance x
dominance and additive x additive 1interactions were important

(Shinde and Deshmukh 1990)

Length of pod

Trials in pea by Swingh et al (1887) and Singh and Singh
(1990) revealed that both additive and non additive genetic

variances were important for length of pod
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Eventhough both additive and non additive gene effects
were sigmificant a preponderance of additive genetic variance was
noticed by Chauhan and Joshi (1981) in cowpea Malhotra (1983) 1n
blackgram Dubey and Lal (1983) in pea ©Singh et al (1986) 1n

Lablab purpureus and Thiyagarajan et al (1990} and Rejatha (1992)

in cowpea

Patel et al (1987) evaluated 39 hybrids between 3 lines and
13 testers and parents of pigeonpea and revealed that only
additive gene action was found operative for pod length The
same was reported in urdbean by Sharma and Rao (1990) and 1in

greengram by Natarajan et al (1980)

Duplicate type of epistasis was observed for this trait in
mungbean (Rao et al 1984) But according to Muker et al (1988)
duplicate type of epistasis and complementary type of epistasis were
important in different crosses of the same crop Additive and

dominance components were also found positive and significant

Number of seeds per pod

In crosses of chickpea by Pande et al (1979) in pea by
Singh et al (1987) and Swngh and Singh (1990) and in greengram by
Natarajan et al (1880) observed that the character number of seeds
per pod was conditioned by both additive and non additive genetic

varilance
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The ratio of variance due to g c a to s ¢ a was found high
indicating the predominance of additive gene effects as reported by
Syr eva et al (1981) Venkateswarlu and Singh (1982) and Dubey an‘d
Lal (1983) in pea Malhotra (1983) in blackgram  Wilson et al
(1985) in greengram Sharma and Nishi Sharma (1988) in pea Katiyar
et al (1988) and Onkar Singh and Paroda (1989) in chickpea Saxena
et al (1989) in pea Saxena and Sharma (1989) in greengram and

Rajatha (1992) and Amilkumar (1993) in cowpea

This ratio was found to be low 1in SBoybean (Kaw and
Madhavamenon 1977) mungbean (Deshmukh and Majare 1980)
chickpea (Salimath and Bahl 1989) and cowpea (Thiyagarajan et al
1990) showed the preponderated effect of non additave genes Mehtre
et al (1988) opined that only non-additive gene effect was
sigmficant for number of seeds per pod in Cajanus cajan Similar
results were reported by Das and Danma (1981) 1n rice bean where

dominance component was important

Pandey and Tiwari (1989) observed that complementary type

of epastasis was exhibited for this trait in Cicer arietinum

100 - seed weight
According to Sharma et al (1988) the ainheratance of 100-

seed weight appeared to be under the additive dominance and
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epistatic effects in Cicer arietinum A 12 x 12 diallel of Pisum

sativum 1indicated that both additive and non-additive gene effects
were important for this character (Singh and Singh 1990) This was

in agreement to the finding of Kamatar (1985} in chickpea

100-seed weight was observed to be (mfluenced by the
action of additive gene effects as reported by Deshmukh and Manjare
(1980) 1in greengram Chauhan and Josh:i: (1981) 1n cowpea
Venkateswarlu and Singh (1982) and Dubey and Lal (1983) 1in pea
Malhotra (1983) in blackgram Singh et al (1983) in pageonpea
Wilson et al (1985) 1in mungbean Patil and Bhapkar (1986) in
cowpea Manoharan et al (1987) in groundnut Tawar et al (1989) in
soybean Singh and Singh (1990) in pea Sharma and Rao (1980) 1in

greengram and Amlkumar (1993) in cowpea

Pande et al (1879) Katiyar et al (1988) and Salamath and
Bahl (1989) opined that non-additive gene effect was predominant
though both additive and non-additive gene effects present in pea
Similar result was obtained by Thiyagarajan et al (1990) in a 6x6

diallel of cowpea

Complementary type of epistasis was reported to be
infuencing thas character i mungbean {Rao et al. 1984) Muker et al

(1988) suggested that this character was under the control of
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duplicate type of epistatic gene action in the same crop while
additaive x dominant component of epistasis was also found positive

and significant

In 5 crosses of chickpea scaling test with five generation
means showed the 1nvolvement of epistatic gene action In four out of
five crosses additive gene effects was involved in the inheritance of
100 seed weight But additive and dominance gene effects dominance
x dominance and additive X additive interactions were important

(Shinde and Deshmukh 1890)

Seed yield per plant

Combining ability studies wusing 12 parent diallel F1
progenies of pea revealed that both additive and non-additive genetic
variances were important (Singh and Singh 1990) Similar results
were obtained by Rao et al (1984) in mungbean Habib et al (1985)
in groundnut Jhorar et al (1985} in clusterbean Dasgupta and Das

(1987) 1in blackgram Mehtre et al (1988) in redgram Singh et al

(1987) 1 pea and Onkar Singh and Paroda (1989) in chackpea

Eventhough g ca and s c a effects were both significant
g c a effects predominated for seed yield per plant showing the

preponderance of additive gene action in Dolichos lablab (Singh et

al 1980) rice bean (Das and Dana 1981) cowpea (Chauhan and



groundnut (Manoharan et al 1985) Pisum sativum (Singh et al  1987)
soybean (Loiselle et al 1990) urdbean (Sharma and Rao 1990) and

greengram (Natarajan et al 1930)

Importance of non additive genetic variance was noticed by
Pande et al (1979) in chickpea Deshmukh and Manjare (1980} in
mungbean  Sandhu et al (1981) and Singh et ale (1987) 1n
blackgram Zaverr et al (1983) in cowpea Swngh et al (1983) in
redgram Chaudhary (¥€685) wx seybeap Patil and Bnapkar (1$86) 1n
cowpea Patel et al (1987) 1n pigeonpea Yadavendra and
Sudharkumar (1987) Katiyar et al (1988) and Salimath and Bahl
(1989) in Cicer arietinum Rajarathinam and Rathnasamy (1990) 1in
urdbean and Thiyagarajan et al (1890) and Anilkumar (1993) in

cowpea

According to Singh and Ramanujam (1981) significant
additive dominance and epistatic effects were involved 1in the
inheritance of seed yield per plant in bengalgram But 1n blackgram
Dahiya and Waldiya (1982) noted higher magnitude of dominance
variance Rao et al (1984) stated that duplicate type of epistasis

was 1mportant for this character in mungbean



Ram et al (1986) reported that in pea best crosses
involved additive x dominance or dominance x dominance type of
epistatic interaction The inheritance was appeared to be under the
control of dominance and epistasis 1n soybean (Gupta et al 1982)
and cmjkpea {Sharma et al 1988) But over dominance was observed
tc be important for seed yield per plant in sgybean (Tawar 1989)
Pandey and Tiwari (1889) reported that this trait was conditioned by

complementary type of epistasis in chickpea

The analysis using means of 6 basic populations [P1 P2

Fl Fz B(.‘,1 and BCZ) of pea by Singh and Singh (1990) reiterated
the importance of dominance (h) gene effect for yield per plant
However additive (d) effects were pronounced 1n some crosses
whereas additive dominance and epistatic interactions were
significantly 1involved 1n some other crosses Among dagenic

epistatic interactions additive x additive appeared to contribute more

for this traait

Epistatic pgene action involved in the expression of this
character in chickpea Additive and dominance gene effects
dominance x dominance and additive x additive interactions were
important Dominance effects folloved by interaction and additive
component played a significant role in the inheritance of seed yield
per plant Duplicate epistasis was more predominant (Shinde and

Deshmukh 1990)



Chlorophyll content

A prepondrerance of significant g ¢ a variance suggested
that additive gene action was of particular importance in the
inheritance of flag leaf chlorophyll content in bread wheat (Ellison
et al 1983) whereas non-additive gene action was found to be
important for chlorophyll content in pearl millet (Patel and

Kukadiya 1986)

Chadha et al (1988) observed in brinjal that both additive
and non additive gene effects were important for chlorophyll a

chlorophyll b and total chlorophyll content

Reaction to pests

In sorghum for resistance to shoot fly (Biradar et aly
1984) aphid (Hsich and P1 1985) midge (Agrawal et al 1988)
and stem borer (Singh and Verma 1988) 1t was seen that both
additive and non-additive gene effects were 1involved with
predominance of additive gene action whereas non-additive gene
action prevailed for the resistance to _Heliothis zea 1n groundnut

(Holley et al 1985)



VMIATEREIALS AND METHODS



Materials and Methods

The 1nvestigation was undertaken with the objective of
determining combining ability for weld and related characters in
graimn cowpea under partial shade 1in coconut garden The
investigation comprised a crossing programme followed by a

field experiment

Materials
The experimental material consisted of 8 wvarieties of

cowpea (Vigna unguiculata (L ) wWalp) collected from the germplasm

assembled at the Department of Plant Breeding College of
Agriculture Vellayani and at the Regional Agricultural Research

Station Pattamba

Two well adapted and early maturing grain cowpea varieties
viz Chharcdi-1 which 1s a high yielding short duration shade
tolerant variety recommended for wupland shade conditions and
Culture - 9 (Krishnamani culture with brown seed coat) were used as
ovule parents S1x distinct cowpea wvarieties with varying
phenotypic expressions were selected based on their general
poerformance and yield and used as testers in the hybridisation

programme The details of these varieties are given in Table 1



Table 1

Details of varieties

Sl No Variety Source Salient features

1 Chharodi 1 College of Agriculture High yield earliness
Vellayam shade tolerance

2 Culture-9 R AR § Pattamb: High yield earliness

synchronised flowering

3 Kanakamani College of Agriculture High yield dual
Vellayam purpose

4 V=240 RARS Pattamb: High yield

5 VvV 322 Hagh yaield

6 GC-82-7 High yield earliness

7 V 26 College of Agriculture High yield shade
Vellayanm tolerance

8 S 488 R AR S Pattamb Earliness high yield

The 8 parents and

thi 12 F
eir 1

crossing them in a line x tester manner were

are enumerated in Table - 2

Table 2

S1 No

=N e Ww NP

Materials used in the study

Treatment No

L

iy

= NN
(2N R R T N

hybrids obtained by
used for the study and

Name of variety/cross
Chharodi - 1
Culture - 9

Kanakamam
vV 240
V-322
GC-82 7
V-26



8 T6 S-488

g L'lTl Chharodyr 1 x Kanakamani

10 LlTZ x V 240

11 L1T3 X V=322

12 L.lT4 x GG-82-7

13 L1T5 x V 26

14 L‘lTG x S5-488

15 Lle Culture 9 x Kanakamam

16 I..ZT2 x V-240

17 LZTS x V=322

18 L2T4 x GC-82 7

19 L2T5 x V-26

20 LZTB x S 488
Methods

Methods of crossing

The selfed seeds of eight varieties were sown for a
priliminaary observational trial to record the flowering pattern
Inorder to make the crosses the sowing was done on different dates

so that flowering in all the eight varieties synchronised

When the flowering commenced crosses were made adopting
the following methods Suitable buds that were to open the next

morning were selected Holding the bud with the thumb and



forefinger the standard petal was forced to open by running a needle
along the rige where the two edges of the standard met One side
of the standard and one of the wing petals were pushed down gently
thereby leaving the keel exposed The keel was then split open on
the exposed side for about 0 2 cm and a portion of the keel was
also pushed down without injuring the other floral parts in any way
Then all the stamens were pulled out by holding on the filament
with forceps taking care not to rupture the anthers The disturbed
parts of keel ving and standard were allowed to assume their
original positions The emasculated flower buds were covered with
tissue paper bags Pollination was done 1in the next morning
between 7 am and 9 am by gently dusting the pollen collected from
the male parents on the stigma The pollinated flowers were agamn
covered with tissue paper bags which were removed after 5 days
Suitable labels were also attached on the inflorescence Thus a line
X tester crossing was made with 2 lines and 6 testers The pods
were harvested when mature the maturity being judged by the

standard ripeming colour of the pods

Field experiment vas laid out in the interspaces of coconut
garden under partially shaded condition during September 1991
adopting a randamised block design with 3 replications Each plot
has a size of 2m x 1m and the seeds were sown with a spacing of

25 cm x 15 cm Observations recorded on 10 plant characters and



incadence of pests and diseases For recording observations 10

plants were selected at random from each plot

1 Days to first flowering
The number of days taken for the 1st flover to open was

recorded as the days to first flowering

2 Days to maturity
The number of days from sowing of the seeds to the

harvest of the first pod in the ten observational plants per plot

3 Height of the plant
The height of the plant vas measured in centimeters from
the ground level to the tip of the main stem at the time of final

harvest and the mean height was recorded

4 Number of branches per plant
The mean number of branches from the random sample of

10 plants at the final harvest was taken

5 Number of pods per plant
The total number of pods Tharvested from the 10

observational plants were noted and mean value was recorded



6 Lenght of pod
Five pods were selected from each observational plant

their length measured in centimeters and the mean value was taken

7 Number of seeds per pod
Number of seeds in five randomly selected pods from each
of the 10 observational plants was counted and the average number

of seeds was taken

8 100-seed weight
From each observational plant the weight of 100 well

developed seeds were taken and the mean arrived at

9 Seed yield per plant
The total seed yield from the ten observational plants in

e
each plot was taken and their av:‘rage value recorded in gram

10 Periodical shade 1intensity me‘gprements

Periodical light intensity in each plot in the open condition
was measured 1in Kilolux during the flowering (30 days after
planting) and the harvest (45 days after planting) stages using a
lux meter The light intensity was measured at 2 spots in each

plot at three intervals of the day and the averages of the three



readings were recorded The percentage of shade available i1n each

plot was calculated as follows

Ll - L2
------ x 100
Ll
where L1 Light 1ntensity in the open condition
L2 Light intensity in the shade condition

11 Chlorophyll content

A mature leaf (third from the top of the plant) of each
variety was collected from the three replications and chopped One
gram leaf sample was taken macerated filtered and made up to 100
m}l using 85% Acetone A sample of the made up solution was used
as blank in the Bausch and Lomb spectromc 2000 spectrophotometer
The absorbance was measured at two different wave lengths wviz
645nm and 663nm for estimating chlorophyll a b and total The
chlorophyll contents were calculated by the following formulae

suggested by Starnes and Hadley (1965}

v
Chlorophyll a 12 7 ASSB 2 58 A645 b4 1000w mg/litre
_ Y
Chlorophyll b 22 87 A645 4 67 ABBS xlOOOw mg/litre
v
Total chlrophyll 8 05 A683 + 20 29 A645 X 4000w " mg/litre



¢
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where v Volume made up
w Weight of the plant sample taken

A Optical density (absorbance)

12 Reaction to major pests and diseases

a Pod borer {Lampides boeticus) 1incidence

Pod borer attack was noticed on the pods at harvest stage
Caterpillars of this pest bore into the pods and feed on the seeds
and other ainner portions The attacked pods exhibited holes and
excreata of the caterpillar The attack mainly started at the basal
part of the pod The number of pods attacked by the pod borer
were counted and expressed as percentage of the total number of
pods 1n each plant and the average for each plot was worked out

The data were analysed after weighted angular transformation

b) No other serious incidence of other pests and diseases were

noted

Statistical analysis

Combining ability analysis in Line x Tester

Analysis of variance
Analysis of variance was done for all the characters and
test of significance of differences among the types including parents

and crosses was performed (Table 3)



Table 3 ANOVA for line x tester including parents

Source daf Ms Expected MS

Replication (r 1)

Treatments (1+t+1t 1)

Parents (1+t 1)

Crosses (1t 1)

Parents Vs Crosses 1

Lines (11) M, ~Ze+r [Cov (I'S) 2Cov (HS)]
+ rt Cov (HS)

Testers (t 1) Mt a-2e+r'[Cov (FS) 2 = Cov (HS)]
+ rl Cov (HS)

Line x tester (11) (t1) Mlt <,-Ze+r[Cov (FS) 2Cov {HS))

Error (r 1) (l+t+lt 1) Me u—-ze

Total (rlt 1)

where 1 number of lines

t number of testers
r number of replications



Estimation of combining ability

For estimating the general and specific combining ability
effects the method described by Kempthorne (1957) was adopted
In this method the co-variance of full sibs and half sibs in terms
of mean squares due to lines (Ml) testers [Mt) line x tester (Mlt)
were obtained from which the variance due to general combining
abialaity (g ca ) and specific combming ability (s ca ) were

estimated

The significance of lines and testers are tested against mean
square due to line x tester while the significance of line x tester

1s tested agawnst mean square for errcr (Singh and Chaudhary 1977)

Estimation of g ¢ a and s c a effects
The model used to estimate the g c a and s ¢ a effects of

1Jkth observation was as follows

xl_]k /h.+ 8 * gJ +le * el]k

where M Population mean
8, g ¢ a effect of J.th line
gJ g ¢ a effect of _]th tester
s1J s ¢ a effect of l]th combination
ele error assoclated with 1Jkth observation
1 1 2 1 number of lines
] 1 2 t number of testers
k 1 2 r number of replications



The individual effects were estimated as follows

1 Mean X
ltr
2 gca effect
of lines g X - X
1 1
tr 1tr
3 g c a effect
of testerg x - x
J )
ir 1t

4 s c a effect
1 combinations

S X - X X + X
1) -1} i, IVUTE i, It —
r tr Ir 1tr
Where X totality of obervations w r t all hybrid
combinations
th
X, totality of observations wrt 1 line over
testers and r replications
X Totality of observations w r t Jth tester over
J 1 1lmnes and r replications
le totality o{hobservatlon%hw r t the hybrid

between 1 line and } tester over r
replications

The standard errors pertaining to g c a effect of lines and

testers and s ¢ a effects in different combinations were calculated as

given below

s E(g,) Lunes (M, /rt) 05
S E(gJ) testers (Mt/rl ]O S
S E{s._ ) 1in

combithtions (Me/t‘)o 5



(W
w

The Genetic Components vere estimated as

Cov H S (Line) M1 - Mlt / rt
Cov H S (testers) Mt Mlt / rl
Cov H S (Average) 1 (1-1)M1+[t 1)Mt
M
x
r(2lt-1 t) it 2 1t
Cov F S (M M)+ (Mg - M)+ (M M)

+

3r

6r Cov HS - ((rl+t) Cov HS

dr
a‘-‘z {gsca) Cov H S (average) 5(1+F! a~2A
L)
o=2A 4e-2(gca)when F 0

—% ¢ a) (Mlt - Me) /v

When F O 4D 46"2 (s ca)
Where 1 number of lines
t number of testers
r number of replications
F inbreeding coefficient
¢~ A additive variance

«2D variance due to dominance



Proportional contribution of lines testers and line x tester

to total variance

Contribution of lines SS(1) x 100
SS (crosses)

Contribution of testers SS(t) x 100
SS (Crosses)

Contribution of (1 x t) SS (1 x t) x 100
55 (crosses)

where SS(1) sum of squares due to lines
SS(t) sum of squares due to testers

SS(1xt) sum of sguares due to lmne x tester



RESULTS



Results

The choice of suitable parents in evolving better varieties
or hybrids 1s a matter of constant concern to the plant breeder
Some 1dea on the usefulness of the parents may be obtained from
their direct performance particularly for components of yield
However the nature of gene action may vary with the genetic
structure and divergence between varieties involved in hybridisation
Consequently a high yielding line may not necessarily be able to
transmit 1ts superiority in cross combinations and vice versa It 1s
therefore necessary to assess the genetic potential of -the parents by
estimating their combiming ability before they are used 1n a
bybridisation programme The line x tester analysis approach 1s
not only useful for practical screeming work but 1t 1s also more
comprehensive than other techniques like diallel which 1s generally

based ow fewer parents The present study was undertaken to
ab b}
examine the combaning Aaﬁa nature and magnitude of gene action 1n

some varieties of gramn  Cowpeb under partially shaded

conditions

The data evolved from the line x tester experiment were

analysed statistically and the results are presented

The mean values for the best line tester and hybrid for

13 characters studied for the 20 treatments are presented in Table 4



Table 4.

Phenotypic expression of the best parents and hybrids for the 13 characters

:1 Character Line Mean Tester Mean Cross Combination Mean
o
1 Days to flowering Culture 9 33 53 5-488 38 93 Culture-9 x V-240 35 10
2 Days to maturity Cul ture-9 50 20 GC 82-7 54 30 Chharodi 1 x V 26 50 25
3 Plant height

tallness Chharodi-1 53 81 V-26 64 65 Chharodi 1 x V-322 56 79

dwar fness Culture 9 33 27 GC 82-7 48 08 Culture 9 xKanakamani 33 44
4 No of branches/plant Culture 8 157 S-488 3 67 Chharodi-1 x V-26 3 50
5 No of pods/plant Chharodi-1 18 43 GC 82-7 13 50 Chharodr 1 x V-26 26 17
6 Length of pod Culture 9 13 43 Kanakamani 16 50 Culture 9 xKanakamani 14 98
7 No of seeds/pod Cul ture 9 1171 Kanakamani 14 14 Cul ture-9 xKanakamani 11 73
8 100-seed weaght Cul ture 9 9 27 Kanakaman 11 55 Culture-9 x GC 82-7 12 58
9 Seed yield/plant Chharodi 1 10 58 vV 26 14 08 Chharodi-1 x V 26 18 67
10 Chlorophyll a Culture 9 1 47 V 240 1 46 Chharodi 1 x V 240 1 94
11 Chlorophyll b Cul ture 9 0 53 V 26 0 66 Chharodir 1 x GC-82 7 O 66
12 Total chlorophyll Cul ture-9 2 00 V-26 2 05 Chharodi 1 x V-240 2 36
13  Pod borer incidence Cul ture-9 14 53 GC-82 7 7 50 Chharodi 1 x V-26 2 27

4%
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Table 5 shovs the analysis of variance for different
characters where the treatments are partitioned as parents crosses

and parent vs Crosses

The wvariation exhibited by lines testers and hybrids for

the thirteen different characters studied are shown in Table 6.

For the character days to flowering the mean values
recorded by the lines were 33 53 days (Culture-3) and 38 63 days
(Chharodi 1) Among the testers 1t ranged from 38 93 days to
47 13 days 1n S-488 and V 322 respectively whereas 1n hybrids
the range was from 35 1 days in Culture 9 x V-240 to 38 36 days in
Chharodi 1 x Kanakamam ANOVA showed sigmificant difference among
the genotypes Variance due to parents was sigmficant 1ndicating
genetic diversity among the parents while variance due to crosses
was not sigmificant revealing no difference among the crosses
Significant variance due to the parents vs crosses revealed the

presence of heterosis for this character

The range of variation for nuwfof days to maturity in the
testers was from 54 3 days recorded in GC 82-7 to 61 77 days 1in
VvV 240 The lines Culture 9 and Chharodi~-l showed mean values
50 2 days and 54 47 days respectively Among the hybrids the
range was from 50 25 days recorded by Chharodi-l x V 26 to 55 43

days recorded by Chharodi 1 x GC-82 7 ANOVA revealed highly



Table 5§ ANOVA for 13 characters

Mean squares

Source df Days to Days to Plant Number of Number of Pod Number 100 seed
flowering maturity height branches pods length of seeds weight
per plant per plants per pod
Replications 2 11 66%+ 22 8B** 18 80+#* 0 04 75 90¢ 203 0 59 120
Treatments 19 33 13%= 26 38%= 297 54#%% 1 50+% 89 02 11 61* 13 88~~ 7 98-%
Parents 7 58 96~+ 46 56 * 315 57%~ 2 53 * 52 21% 11 59~ 10 76~ 8 27
Crosses 11 319 6§ 06~~ 222 70 -~ 084 - 80 66 * 6 90~ 7 28 8 18%*
Parent Vs cross 1 181 70% 136 77~ 994 45~% 1 45%* 438 69 63 59+ 108 12 3 85+
Error 38 1 61 2 05 5 31 0 19 3 60 1 88 0 48 0 42
~~S1gnificant at 1% level [



Table 5 (Contd )

Mean squares

Saurce df Seed yield Chlorophyll Chlorophyll Total Pod borer
per plant a content b content chlorophyll 1ncidence
Replication 2 41 88%% 0 04 0 02 011 1 00
Treatments 19 34 Q0** 016 0 03 025 51 89
Parents 7 23 53 ~ 0 03 0 02 0 15 61 19 E:‘{
Crosses 11 34 90 ~ 0 25 0 03* 033 22 32
Parent Vs cross 1 97 33 0 004 0 001 0 001 312 27 *
Error 38 5 60 013 0 01 014 11 62

~ Signaificant at 1% level



Tabe No b

Mean performance of lines esters and hybrids for hirteen charac ers

Treatments Days o Days o Plan Number of Number of Leng h Number of
flo ering ma uri y he gh branches pods of seeds per
(cm) per plant per plant ped (cm} ped
L nes
Chharodi 1 38 63 54 47 53 81 1 53 18 43 9 93 9 a9
Cu ure 9 33 53 50 20 33 27 1 57 6 93 13 43 1171
Testers
Kanakamani 39 00 55 10 50 17 327 7 47 16 50 14 14
vV 240 46 90 61 77 56 11 3 Q0 7 60 13 53 12 32
v 322 47 3 60 97 62 49 110 6 47 14 67 12 64
GC 82 7 39 63 54 30 48 08 2 10 13 50 12 20 8 43
V 26 40 83 56 40 64 65 2 43 11 03 14 42 13 37
5-488 38 93 54 77 60 66 3 67 12 23 14 77 10 59
Hyb ids
Chharod 1xKapakamani 38 36 54 10 52 51 2 20 18 20 11 78 9 23
Chharodi 1xV 240 37 13 53 30 55 62 3 37 18 90 11 12 10 42
Chharodi 1xV 32 37 60 53 15 56 79 2 20 14 53 11 30 9 34
Chharod 1xGC 82 7 38 25 55 43 45 79 2 04 15 70 11 27 918
Chharodi 1xV 26 37 00 50 25 47 05 3 50 26 17 11 48 9 95
Chharodi 1x5-488 37 56 54 23 55 15 293 23 17 8 04 9 98
Cu ture 9xKanakamani 35 20 52 27 33 44 2 30 7 37 14 98 11 73
Cul ure 9xV 240 35 10 51 43 40 00 337 14 67 117 7 29
Culture 9xV 322 37 13 53 70 40 1 2 87 15 67 11 76 7 47
Cu ure 9xGC 82 7 35 63 51 57 39 07 2 50 12 40 11 96 6 53
Cu ure 9xV 26 a6 03 52 37 33 46 2 20 11 80 12 29 8 59

Culture 9x5-488 37 07 53 17 52 76 233 12 67 11 28 7 06




Table No 6 (Contd )

P

Treatments 100-seed seed yie d chlorophyll chlorophy total pod borer
weight per plant a conen b conten chlorophyll incidence
(8) (8) {(mg 1) (mg 1) (mg/s1) (percentage)
(transformerd
mean)
Lines
Chharodi 1 6 20 10 58 123 0 40 1 36 14 77
Culture 9 9 27 5 67 1 47 0 53 2 00 14 53
Testers
Kanakamani 11 55 12 30 1 23 0 43 1 66 16 28
V 240 9 37 6 67 1 46 0 43 1 88 10 57
Vv 322 11 32 8 67 143 D 40 183 22 19
GC 82 7 10 13 10 95 124 041 1 65 7 50
vV 26 10 22 14 08 139 0 66 2 05 14 31
5-488 918 10 33 142 0 47 189 10 01
Hybrids
Chharod! 1xKanakamani 10 02 15 62 1 45 0 48 1 92 7 22
Chharodi 1xV 240 821 14 58 194 0 42 2 36 7 20
Chharodi 1xV 322 8 38 9 40 1 28 0 45 173 7 55
Chharodi 1xGC 82 7 918 11 73 1 05 0 66 11 6 33
Chharodi 1xV 26 8 a7 18 67 1 46 0 30 176 6 27
Chharodi 1x5-488 7 82 16 52 0 84 0 28 112 8 01
Culture 9xKanakamani 10 95 8 27 0 96 032 128 13 55
Culture 9xV 240 11 63 12 80 1 45 0 52 1 97 9 81
Culture 9xV 322 12 18 13 a3 151 0 58 2 08 8 65
Culture 9xGC 82 7 12 58 8 73 134 051 1 85 13 17
Cul ure 9xV 26 11 47 11 13 139 0 47 186 13 30
Culture 9x5-488 10 72 & 80 1 44 0 51 194 829
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significant difference among the different genoctypes for thas

character Sigmficant varmance due to parents showed high
differences among the parents Variance due to Crosses were
significant 1indicating diversity among the crosses Presence of

substantial amount of heterosis for this character was 1indicated by

the haghly significant variance for parents vs crosses

Significant variation was exhibited by the parents and
crosses for plant height Variance due to parents vs crosses was
also significant revealing substantial amount of heterosis for height
of the plant The mean values recorded by the lines were 33 27cm
and 58 81 cm 1in Culture-9 and Chharodi-1 respectively Testers
showed a varation ranging from 48 0Bcm (GC-B2-7) to 64 65cm
(V-26) whereas i1n hybrids the range was between 33 44 cm 1in
Culture-9 x Kanakamani and 56 79cm in Chharodi-l x V-322 All the
cross combinations were intermediate in height with respect to their
parents except hybrids of V-26 where the hybrids were shorter

than the dwarf parent

ANOVA showed that for the character number of branches
per plant variance due to parents crosses and parents vs crosses
were highly sigmficant denoting the presence of variation among
parents and crosses and heterosis for the character The lines

Chharodi-1 and Culture-9 recorded mean wvalues 1 53 and 1 57
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respectively Among the testers the range was from 1 10 (V 322)
to 3 67 (5-488) In hybrids 1t ranged from 2 04 to 3 50 ain

Chharodi1 1 x GC-82-7 and Chharodi 1 x V 26 respectively

Most of the hybrids produced more number of pods per
plant than their parents The mean values recorded by the lines
were 6 93 1n Culture-9 and 18 43 in Chharodi 1 It ranged from
6 47 n V 322 to 13 50 in GC-82 7 among testers In the hybrids
the range was from 7 37 (Culture-8 x Kanakamanmi) to 26 17
(Chharodi-1 x V 26) ANOVA showed highly significant variance due
to parents crosses and parents vs crosses revealing significant
differences among parents and .rosses and presence of high amounts

of heterosis for this character

The mean values for length of pod of lines were 9 93cm 1n
Chharod: 1 and 13 43cm an Culture 9 The range of variation among
testers was from 12 20cm in GC 82 7 to 16 50cm 1n Kanakamam
Among the hybrids the range was between B 04cm and 14 98cm 1in
Chharodi 1 x S-488 and Culture 8 x Kanakamani respectively
Hybrids of the line Chharodi 1 were intermediate to their parents
except with S5-488 A reduction in pod length was noticed among
hybrids of the line Culture 9 except with Kanakaman Variance of

parents crosses and parents vs crosses were found haghly



ol

significant indicating the presence of genetic diversity among the

parents and hybrids and heterosis for this trait

Treatments showed sigmificant wvariation for numberbhseeds
per pod Variance due to parents crosses and parents vs crosses
were also highly significant showing that parents and crosses vary
widely and a substantial amount of heterosis was present for this
character The lines Chharodi-1 and Culture-8 recorded mean values
of 9 89 and 11 71 respectively Among the testers the range was
from 8 43 for GC-82-7 and 14 14 for Kanakamam In the hybrids 1t
ranged from 6 53 (Culture-9 x GC 82 7) to 11 7 (Culture 9 x
Kanakamani) Generally hybrids showed a reduction in number of

seeds per pod

For the character 100-seed weight much variation was
noticed among the genotypes Sigmificant variance due to parents
crosses and parents vs crosses revealed high differences among the
parents crosses and high amount of heterosis for this character In
lines the higher value was recorded by Culture 9 (9 27g) and
lower wvalue by Chharodi-1 (6 2g) Among testers Kanakamani
produced grains with maxamum 100 seed weight (11 55g) and the
minimum by S-488 (9 18g) whereas 1n hybrids it ranged from

7 82g (Chharodi-1 x S-488) to 12 58g (Culture 9 x GC 82-7) Many

hybrids produced a higher mean value for this character when

compared to their parents
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With regard to seed yield per plant treatments showed
significant variation Variance due to parents crosses and parents
vs crosses were significant indicating genetic diversity among the
parents and crosses and a substantial amount of heterosis for this
character A gramn yield of 10 58g was recorded by the line
Chharodir 1 and 5 67g by Culture 9 The range of variation among
testers was between 6 67g recorded by V 240 and 14 08g recorded
by V 26 Hybrids exhibited a range of 8 27g (Culture 9 x

Kanakamani) to 18 67g (Chharodi 1 x GC 82 7)

ANOVA showed no signmificant difference among genotypes for
chlorophyll a content The range was from 1 23 mg/l1 (Chharodi-1)
to 1 47 mg/1 (Culture-9) among lines from 1 23 mg/l (Kanakamani) to
1 46 mg/l (V 240) among testers and from 0 84 mg/l (Chharod:i-1 x S-

488) to 1 51 mg/l (Culture 9 x V-322) among hybrids

For chlorophyll b content significant variation exaisted
among the genotypes Variance due to parents was not significant
indicating no genetic diversity among parents Sigmaficant variance
due to crosses revealed high differences among crosses Variance
due to parents vs crosses was not significant Of the two lines a
higher mean value was shown by Culture-8 (0 53 mg/1) followed by
Chharodi-1 (0 40 mg/1) The mean values recorded by testers

ranged from 0 40 mg/l (V-322} to 0 66 mg/l (V 26) whereas the
hybrids showed a range of 0 28 mg/l for Chharodi 1 x S-488 to 0 66
mg/l for Chharodi 1 x GC-82 7



Little wvariation was exhibited by the genotyprsres with
respect to total chlorophyll content Among the two lines maximum
total chlorophyll content vas recorded by Culture-9 {2 00 mg/l) and
minimum by Chharodi 1 (1 36 mg/1) It ranged from 1 65 mg/l
recorded in GC-82 7 to 2 05 mg/l recorded in V 26 whereas among
hybrids the range was between 1 12 mg/l (Chharodi-1 x S 488) and

2 36 mg/l (Chharodi 1 x V 240)

The mean values recorded by the lines were 14 53 percent
by Culture-9 and 14 77 percent by Chharodi-1 with respect to the
attribute percentage of pod borer infestation Among the testers
the means ranged from 7 50 percent recorded by GC 82-7 to 22 19
percent recorded by V 322 The range of variation of hybrids was
between 6 27 percent recorded in Chharodi -1 x V 26 and 13 55
percent recorded in Culture 9 x Kanakamani The genotypes showed
significant variation for this attribute Variance due to parents was
significant indicating diversity among parents while variance due to
crosses was not sigmficant Significant variance due to parent vs

crosses 1indicate the presence of high heterosis for this character

The analysis of variance of shade intensity observed on the
plots at three different times of the day at fiowering (30 days after
sowing) and pod formation (45 days after sowing) periods did not
show any significant difference in magnitude The ANOVA for shade

intensity 1s presented in table 7
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Table ¥ Analaysis of variance for shade intensity

Mean squares

S1 Periods Treatment Error F  Value
No *
I 30 days after so ving
1 28 02 92 56 031
2 5 81 25 67 023
3 13 21 118 80 011
II 45 days after sowing
1 10 49 150 65 0 07
2 4 85 19 01 0 26
3 18 37 353 11 0 05

* Not significant



It was seen that in general the Iline Chharodi 1 had
desirable mean values for tallness number of pods per plant and
seed yield per plant while Culture 9 was best for all other
characters Anong the testers the varety V 26 showed desirable
mean values for tallness seed yield per plant chlorophyll b
content and total chlorophyll content The other good testers were
5-488 (number of branches per plant and early flowsring) GC-82-7
(number of pods per plant early maturity dwarfness and low pod
borer incidence) Kanakamami (length of pod number of seeds per

pod and 100 seed weight) and V 240 (Chlorophyll a content)

Chharodr 1 x V 26 was the best combination for days to
maturity number of branches per plant number of pods per plant
seed yield per plant and pod borer resistance Culture 9 x
Kanakamani had high mean values for length of pod and number of
seeds per pod Cultured x GC-82 7 for 100 seed weight and
Chharodi 1 x V-240 for chlorophyll a and total chlorophyll

content
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Combining ability

In predominantly self pollinated crops like cowpea the
technique of line x tester cross analysis has appeared to be a
useful tool for screeming the lines with rapidity and a reasonable
degree of confidence Results from combining ability analysis from

line x tester mating system 1n cowpea 1S presented below

The analysis of variance of 13 characters clearly showed
significant differences among the genotypes for eleven attributes and
non-significant differences for two attributes wviz chlorophyll a
content and total chlorophyll content Combining ability analysis
was carried out only for those characters which established
s1gn1f}cant differences among treatments The ANOVA for combining

abality 1s presented in Table 8

The mean squares due to lines were sigmficant for six
characters viz days to flowering plant height number of pods
per plant pod length 100-seed weight and percentage of pod borer
infestation whereas variation due to testers showed significant

differences only for the character pod length

The interaction between line x tester were significant for
most of the characters except days to flowering pod length and pod

borer incidence



Table 8 ANOVA for caombining ability for 11 characters

Mean squares

Source df Days to Days to Plant Number of Number of Pod

flowering maturity height branches/ of pods/ length

plant plant

Lines 1 21 82%¥% 8 91 1376 42 * 011 453 69 * 21 15%*
Testers 5 1 06 5 01 152 44 104 35 00 8 45
Line x Tester 5 1 59 6 53% 62 22+% 0 79%x% 51 72%% 2 70 cn
Error 38 1 61 2 05 5 31 019 3 60 1 88 o
gca 7 0 06 0 02 613 0 002 111 016
sca 11 0 006 1 49 18 97 0 20 16 04 0 27

~  Signmificant at 5% level
~+ Si1gnificant at 1% level



Table 8 (Contd )

Mean Squares

Sources af No of 100 seed Seed yield Chlorophyll Pod borer

seeds welght per plant b content incidence
per pod

Lines 1 22 23 73 10#* 131 56 0 02 146 35%*

Testers 5 4 94 178 16 14 0 04 5 77

Line x tester 5 6 65%* 1 6O** 34 33*% 0 O4%= 14 06

Error 38 0 48 0 42 5 60 0 01 11 62

gca 7 0 02 0 25 0 02 -0 0001 0 32

& Cc a 11 2 06 0 39 9 58 001 0 81

#*% SGignificant at 1% level

LS



The estimates of variance due to g c a was greater than
s ca for days to flowering and length of pod 1indicating the
importance of general combining ability for these characters
However for all other attributes the s ¢ a variance was greater in
magnitude than g ¢ a variance denoting the predominance of specific

combining ability for these characters

The estimates of g c a effects of two lines and six testers
and s ¢ a effects of twelve Fls for eleven characters are presented

in Table 9

Days to flowering

Variance due to lines sho ved significant difference for this
character 1indicating that lines differed for their g c a effects
MS due to testers and 1ne x testers were not significant for days to
flowermng suggesting the absence of difference among g c a effect of
testers and s c a effect of hybrids Also the g c a variance was
greater in magnitude than s ¢ a variance 1ndicating the importance

of general combining ability for days to flowering

The estimates of g c a effects of lines and testers and
s ¢ a effects of hybrids are presented in Fable 9 (i) and Fig 1
The g ¢ a effects were comparatively low for lines and very low for

testers Both the lines Chharodi 1 (0 78) and Culture 9 (-0 78)



Table 9 (1) g c a and s c a effects for days to. flowering

Testers
Kanakamani V=240 Vv 322 Gc-82 7 vV 26 5-488
(T (T,) (Ty) (T,) (Tg) (Tg)
Lines g ¢ a effects 0 51 0 56 0 39 -0 03 0 46 0 34

s ¢ a effects

Chharodi- 1 (Ll) 0 78~ 0 30 0 58 0 55 0 53 0 30 0 53

Culture 9 (L2] 0 78~ 0 30 -0 58 0 55 0 53 0 30 0 53

sigmficant at 5% level

SE CD5%
g c a line 0 30 0 61
g c a tester 0 52 1 06

sca 0 73 1 48

69



Fig 1 General specific combimng abilaty ¢ (e ts for
wavs to flowering

L.l Lhharodi~1
LZ Culture-9
'I’1 ¥anahamani
'1‘2 -\ 240
T3 - V322
T, - Go 82-7
Tj - V-28
'I‘5 - 5-488
LlTl - Chharodi~-1 x Kanaks nam
Lsz, - Chharoda~1 x V .
L.ll\1 - Chharoar-1 x V-
L, I‘Q - Chhareodr 1 x GC 7
Lj'l‘ - Chharodi~1l x 0
li’; - Chharodyr 1 - 188
Lot - Cul ure-8 x &« akamo
Lo, - Cultur» 9 x 40
L4 3 - Culture 9 x / 22

'1"4 - Cultu ¢« 9 x 82~7
L -  Culture «

! -  Culture 9 < S4sa



Fig 1 General and specific combining ability effects for

days to flowering

Ll - Chharodi-1

l_.2 Culture-9

T1 Kanakamani

T2 V-240

T3 Vv 322

T4 GC 82-7

T5 - V 26

T6 - 5488

L1T1 - Chharodi-1 x Kanakamam
L1T2 - Chharodi 1 x V-240
I..lT3 Chharodi-1 x V-322
L1T4 Chharodir 1 x GGC-82 7
L1T5 Chharodi-1 x V-26
L1T6 Chharodi-1 x 5-488
Lle = Culture 9 x Kanakamani
LZTZ Culture 9 x V 240

L2T3 Culture 9 x V 322
LZT4 - Culture 9 x GC 82-7
LZTS Culture 9 x V 26

LZTG Culture 9 x S-488
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showed significant g ¢ a effects None of the testers exhibited
significant g ¢ a effects The best general combiners for earliness to
flowering were Culture 9 (-0 78) among lines and V 240 ( 0 50) among

testers

The s ¢ a effects were also very low for days to flowering
and 1t ranged from -0 58 (Culture 9 x V-240) to 0 58 (Chharodi 1 x
V-240) and none of the crosses exhibited sigmficant s c a effects
The best specific combination for early flowering was Culture 9 x

V-240

Days to maturity

Partitioning of the hybrids indicated that mean squares due
to line x testers alone was significant indicating that the crosses
alone differed for their s ¢ a effects Variance due to lines and
testers were not significant for days to maturity Moreover the
variance due to s c a was greater than that of g c a suggesting the

importance of specific combining abality for this character

The g c a and s c a effects for this character 1s presented
in Table 9 (11) and Fig 2 No sigmficant g c a effect was shown by
the lines But the 1line Culture-8 ( 0 50) showed negative g c a
effect which was the desirable one Among the testers g c a effects

ranged from 1 61 (V 26) to 0 79 (5-488) of which g c a effect of



Table 9 (11)

g ca and s ¢ a effects for days to maturity

Testers
Kanakamani V 240 VvV 322 GC 82 7 VvV 26 S-488
(T, ) (T,) (T,) (T,) (Tg) (Tg)
Lines g c a effects 0 27 ~0 55 0 51 0 59 1 61%*= 079
s ¢ a effects
Chharod1 1 ((Ll) 0 50 0 42 0 44 0 77 1 44 1 56 0 04
Culture 8 [Lz) 0 50 0 42 0 44 0 77 144 1 56 0 04
=+ significant at 1% level
SE CD 5%
g ¢ a line 0 34 0 08
g c a tester 0 58 118
sca 0 83 1 67

19



Fig 2 General and specific combining ability effects for
days to maturity

I..1 - Chharod1 1

LZ - Culture 9

T1 - Kanakamani

T2 - V240

T3 - Vv 322

T4 - GC-82-7

T5 Vv 28

T6 - S5-488

LlTl - Chharodi 1 x Kanakamam
Lsz - Chharodi-1 x V-240
L1T3 - GChharodi-1 x V=322
L1T4 Chharodi1 1 x GC 82-7
L1T5 - Chharodi-1 x V-26
L1T6 Chharodi 1 x 5-488
LZTJ. - Culture 9 x Kanakaman:
LZTZ - Culture 8 x V 240
LZTS - Culture-9 x V-322
L2T4 Culture 9 x GC 82 7
LZT‘_J - Culture 9 x V 26

LZTG - Culture 9 x S-488
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V-26 alone was sigmficant statistically and can be considered as a

good general combiner for early maturity

None of the cross combinations exhibited significant s ¢ a
effects while the range was from -1 56 in Chharodi-1 x V-26 to
1 56 in Culture-9 x V-26 The best specific combination for early

maturity was Chharodi 1 x V-26

Plant height

Variance due to lines showed significant difference denoting
that lines differed for their g c a effects while variation due to
testers was not significant The interaction between line x testers
was highly significant indicating significant difference among s ¢ a
effects of crosses Mean squares due to s ¢ a was three times higher
in magnitude than g ¢ a variance 1indicating the predominance of

specific combining ability for plant height

The effects due to gca and s c a for plant height 1s
presented 1n Table 9 (111) and Fig 3 The lines Chharodi 1 (6 18)
and Culture-9 (-6 18) recorded signmificant g c a effects Kanakamani
v-322 GC 82-7 V-26 and S-488 were the testers with significant
g c a effects Among these significant positive g c a effects were
shown by V-322 (2 43) and S-488 (7 97) while v-26 (-5 71) GC 82-

7 (-3 54) and Kanakamani ( 3 00} showed significant negative g c a



Table 9

(111) g c a and s ¢ a effects for plant height

Testers
Kanakamani VvV 240 v 322 GC 82 7 VvV 26 S-488
(T,) (T,) (T,) (T,) (Tg) (Tg)
Lines g c a effects =3 00%%* 1 84 2 43% -3 54x* 5 71%% 7 97%%
s c a effects
Chharod1y 1 (Ll) 6 18%* 3 35% 1 63 221 2 82% 0 61 4 98~
Culture 9 (Tz) 6 18~% 3 35 1 63 2 21 2 Ba2= 0 61 4 98~
* significant at 5% level
~% gigmficant at 1% level
SE CD 5%
g ¢ a lme 0 54 110
g c a tester 0 94 1 90
sca 1 33 2 69




Fig 3 General and specific combining ability effects for
plant height

L1 - Chharodi-1

L2 Culture-9

Tl - Kanakamani

Tz vV 240

Td V-322

T4 GC-82 7

T5 - V26

T6 - 5488

L.lT1 - Chharodi-1 x Kanakamani
Lsz -~ Chharodi-1 x Vv-240
L1Ta - Chharodi-1 x V-322
L1T4 - Chharodi-1 x GC-82 7
L1T5 - Chharod1 1 x V 26
L1T6 - Chharodi1 1 x S-488
LZT1 - Culture-9 x Kanakamani
LZTZ - Culture-9 x V-240
l..zT3 Culture-9 x V=322
L2T4 Culture 9 x GC 82 7
L2T5 - Culture-9 x V-26

LZT6 - Culture 9 x S-488
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effects Thus the line Chharodi-1 and the tester S-488 were good
general combiners for tallness and Culture-9 among lines and V-26

among testers were the best general combiners for dwarfness

Estimates of s c a effects of crosses ranged from -4 98 to
4 98 Six out of the twelve crosses had significant s c a effects It
was positive 1n  three crosses viz Culture § x GC-82 7(2 82)
Chharodi-1 x Kanakamani (3 35) and Culture § x S-488 (4 98) The
significant negative s c a effects vere recorded by Chharodi-i1 x
S-488 (-4 98) Culture 9 x Kanakamani (-3 35) and Chharodi-1 x
GC 82-7 (-2 82) The best hybrid combination for tallness was

Culture-9 x 5-488 and Chharodi 1 x S$-488 for dwarfness

Number of branches per plant

Mean squares due to lines and testers were not significant
Line x testers showed highly significant differences indicating that
crosses had sigmficant s c a effects Variance due to s c a was
greater in magnitude than g c a effects indicating the importance of

specific combining ability for number of branches per plant

Gca and s ¢ a estimates are presented in fable 9 (1v)
and Fig 4 G ¢ a effects were very low for lines and none of them
were significant whereas g c a effects of three testers viz
Kanakamani ( 0 40) GC 82-7 (038) and V 240 (0 72) were

significant



Table 9 (1v) g ¢ a and s ¢ a effects for number of branches per plant

Testers

Kanakamani V 240 Vv 322 GC 82 7 VvV 26 S-488
(T,) (T,) (T3) (T,) (Tg) (Tg)
Lines g ¢ a effects 0 40+ 0 72%* -0 12 0 38* 0 20 -0 02
ap]
s ¢ a effects W
Chharodi 1 “"1) 0 06 011 -0 06 -0 39 029 0 59% 0 24
Culture 9 (LZ] 0 06 011 0 06 0 39 0 29 0 59 0 24
significant at 5% level
significant at 1% level
SE CD 5%
g c a line 010 0 21
g ¢ a tester 018 0 36
sca 0 25 0 51




Fig 4 General and specific combining ability effects for

number of branches per plant

L’l Chharodi-1

L2 - Culture 9

T1 - Kanakamanm

TZ vV 240

T3 v 322

T4 - GC-82 7

T5 vV 26

TG - 5-488

L1T1 Chharodi 1 x Kanakamam
LlTZ - Chharodi-1 x V-240
L1T3 - Chharodi1 1 x V 322
L1T4 Chharod: 1 x GC 82 7
L.1T5 - Chharodi 1 x V 26
LlTB - Chharodi-1 x 5-488
Lle - Culture-9 x Kanakamam
LZTZ - Culture 9 x V 240
I.,‘)JT3 Culture 9 x V 322
L2T4 - Culture 9 x GC 82-7
L2T5 Culture 9 x V-26

LZTB Culture-9 x 5-488
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The s ¢ a effects were comparaftively low for this trait and
the range was from -0 59 (Culture 9 x V-26) to 0 59 (Chharodi-1 x
V 26) Only two cut of twelve hybrids produced sigmficant s c a
effects viz Culture 9 x V-26 and Chharodi 1 x V-26 For number of
branches per plant Chharodi 1 x V-26 can be recommended as the

best specific combination

Number of pods per plant

Variance due to lines was sigmificant for no of pods/plant
indicating the importance of g ¢ a effect No significant variance was
noted for the testers The interaction between line x testers was
significant indicating high sigmficant difference among s c a effects
of crosses Mean square due to s c a was greater in magnitude than
mean square due to g c a Hence 1t can be infered that though both
gca and s ¢ a were wmportant for the expression of no of pods

per plant specific combining ability was predominant

Table9 (v) and Fig 5 present the g c a effects of lines and
testers and s ¢ a effects of hybrids for number of pods per plant
G c a effect was sigmificant for both the lines of these Culture-9
( 3 55) showed significant negative g c a effect and Chharodi-1
(3 55) showed significant positive g c a effect Among the six
testers Kanakamani ( 3 19) and GC-82 7 ( 1 93) recorded significant

negative g c a effects and V-240 (1 81) S 488 (2 19) and V 26



Table 9 (v) g c a and s ¢ a effects for number of pods per plant

Kanakamani V 240

S-488
(Tg)

2 19%~

Lines g c a effects
Chharod1 1 (L.l] 3 5o®*
Culture 9 [Lz] J 55%*

s ¢ a effects

185

195

# significant at 5% level
- gignificant at 1% level

SE
g ¢ a line 0 45
g8 c a tester 0 77
sca 110

(T,) (T,)
3 19~%* 1 81*
1 87 1 43
1 87 143
CD 5%

0 90

1 57

2 22

.3



Fig 8 General and specific combining ability effects for
number of pods per plant

L1 - Chharoda-1

LZ Culture-9

T1 - Kanakaman:i

T2 V-240

Td v 322

T4 - GC-82-7

T5 -  V-26

T6 5-488

LlTl Chharodi 1 x Kanakamani
Lsz - Chharodi1 1 x V-240
L1T3 - Chharodi 1 x V-322
L1T4 ~ Chharodi-1 x GC 82-7
LlTS Chharodi-1 x V 26
LlT6 - Chharodi-1 x 5-488
LZTl Culture 9 x Kanakamani
L.ZT2 - Culture-9 x V 240
L2T3 - Culture-9 x v-322
LZT4 - Culture-9 x GC-82-7
LZTS - Culture 9 x V-26

LZTB - Culture-9 x 5-488
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(3 01) recorded signmificant positive g c a effects Chharodi«) and V-
26 can be considered as good general combiners for more number of

pods per plant

The s ¢ a effects ranged from 4 12 to 4 12 OQOut of the
twelve hybrid combinations only four crosses exhibited significant
s ¢ a effects The crosses Chharodi-1 x V-26 (3 63) and Culture 9 x
VvV 322 (4 12) showed sigmificant positive s c a effects whereas
Chharodir 1 x V-322 ( 4 12) and Culture-9 x V-26 (3 63} produced
significant negative s ¢ a effects The best specific combination for
number of pods per plant was Culture 9 x V 322 followed by

Chharodi-1 x V-26

Length of pod

Combining ability analysis revealed that for length of pod
variance due to lines and testers was statistically significant
denoting the significant differences among g c a effects of lines and
testers But variance due to line x tester interaction did not differ
statistically The g ¢ a variance was also higher i1n magnitude than
the corresponding s ¢ a variance These indicated the importance of

general combining ability alone for length of pod

The g ca and s ¢c a effects of lines testers and crosses
are presented in Table 9 (vi) Fig 6 Among the lines Chharodi-1

showed a sigmficant negative g ¢ a effect of -0 75 and Culture 9 a



Table 9

(vi) g c a and s ¢ a effects for length of pod

Testers

Kanakamani vV 240 vV 322 GC-82 7 V 26 5-488
(T,) (T,) (T,) (T,) (Tg) (Tg)
Lines g ¢ a effects 1 80%* 0 17 0 05 0 03 031 1 92%*
s ¢ a effects
Chharod1 1 [L1] 0 75% 0 85 0 46 0 52 0 40 0 35 081
Culture 9 [LZ) 0 75% 0 85 0 46 0 52 0 40 0 35 0 81
* significant at 5% level
~* significant at 1% level
SE CD 5%
g c a line 0 32 0 65
g c a tester 0 56 113
sca 0 7¢ 1 60

69



Fig 6 General and specific combining ability effects for
length of pod

L1 - Chharodi-1

LZ Culture 9

T1 Kanakamani

TZ - V240

T3 - V322

T4 - GC 82-7

T5 - V-26

TS S5-488

L1 I‘l - Chharodr 1 x Kanakamani
LlTZ - Chharodi 1 x V-240
L'1T3 Chharedi 1 x V=322
L1T4 - Chharodi 1 x GC-82-7
L1T5 Chharodi 1 x V 26
LlTS - Chharodi 1 x S$-488
L2T1 - Culture 9 x Kanakamani
LZTZ - Culture-9 x V 240
LZTS Culture 9 x V-322
L2T4 - Culture 9 x GC-82 7
LZT5 -~ Culture 9 x V-26

L, T Culture 9 x S-488



l

al and Specific Combining ability effects

Gener

11111

LENGTH OF POD

FIG 6



70

significant positive g c a effect of 0 75 Of the six testers only
two had sigmificant g ca effect viz Kanakamani (1 80) with
significant positive g c a effect and S 488 ( 1 92) with significant
negative g c a effect Culture 9 and Kanakaman: were found to be
good general combiners for length of pod from lines and testers

respectively

None of the combinations showed significant s c a effect
However the range was from -0 85 recorded by Chharodil x

Kanakamami to 0 85 recorded by Culture 9 x Kanakamani

Number of seeds per pod

Variance due to lines and testers were not significant for
number of seeds per pod But the variance due to line x testers
was highly significant suggested that crosses differed significantly
for their s c a effects M™Mean squares due to s ¢ a was greater in
magnitude than that of g ¢ a 1indicating the importance of specific

combining ability for this character

Estimates of g ca and s c a effects for number of seeds
per pod 1s presented in Table 9 (vi1) and Fig 7 Both the lines
showed sigmificant g ¢ a effects Of these Chharodi-1 (0 79) had
positive effect and Culture-9 ( 0 79) had negative effect Chharodi-1

can be selected as the best general combiner line



Table 9

(vi1) gca

and s ¢ a effects for number of seeds per pod

Testers
Kanakamam V 240 VvV 322 GC 82-7 V 26 5-488
(Tl) (T,) [T3) (Ty) (TS) (Te)
Lines g c a effects 1 59*=% 0 05 -0 49 =1 Q4%=* 0 37 G 38
s ¢ a effects
Chharodi 1 (Ll) 0 79%x% 2 Q4 078 015 0 54 011 0 68
Culture 9 [Lz) 0 79%* 2 04%* -0 78 015 0 54 011 0 68
%% gignificant at 1% level
SE CD 5%
g c a line 018 0 33
g c a tester 0 28 0 57
s ca 0 490 0 81

T



Fig 7 General and specific combining ability effects for

number of seeds per pod

L.1 - Chharod: 1

L‘Z ~  Culture-9

T1 - Kanakamani

T2 - V=240

T3 -  ¥=322

T4 - GC 827

T5 - V-26

T6 S-488

L'lTl - Chharodi 1 x Kanakamani
LlTZ - Chharodi-1 x V 240
LlTS - Chharod1 1 x V=322
L1T4 - Chharodi-1 x GC-82-7
LlT5 ~ Chharodi-1 x V-26
LlTG Chharodi 1 x S-488
LZT1 Culture-8 x Kanakamani
LZTZ - Culture-3 x V 240
LZT3 - Culture-9 x V-322
L2T4 - Culture 9 x GC-82-7
LZTS Culture 9 x V-26

LT - Culture-8 x 5-488
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The range of g ¢ a effect for this character was from -1 04
and 1 59 among the testers Only two testers had significant g ¢ a
effects viz Kanakamani (1 59) and GC-82-7 (-1 04) Kanakamani was

the best general combiner for more number of seeds per pod

The s ca effects produced by the hybrids for this
Character ranged from -2 04 to 2 04 It was positive and significant

in Culture 9 x Kanakamam (2 04) and negative and sigmficant 1in
Chharodi 1 x ¥anakamam: (-2 04) The best specific combination for

this character was Culture-9 x Kanakamani

100 seed weight

Combining ability analysis revealed sigmficant variance for
lines indicating signmificant g c a effects among lines This was not
significant for testers Significant variance due to line x tester
showed that the crosses had sigmficantly different s c a effects
However s ¢ a variance was greater than g ¢ a variance suggesting

the importance of specific combining abality for 100-seed weight

Table ¢ (vi1) and Fig 8 show the g c a and s ¢ a effects
of lines testers and crosses for this trait Both the lines Chharodi-
1 (-1 43) and Culture 9 (1 43) exhibited sigmificant g c a effects

while Culture-9 was the best general combiner



Table 9 (vi11) g ¢ a and s c a effects for 100 seed weight

Testers
Kanakaman v-240 v 322 GC 82-7 V-26 S-488
(T,) (T,) (Ty) (T,) (Tg) (Tg)
Lines g c a effects 031 0 22 011 0 71%% -0 004 -0 90~*
s ¢ a effects
Chharodi 1 [Ll) =1 43%% 0 96% 031 0 47 0 28 013 0 02
Culture 9 (LZ) 1 43%= 0 96+ 031 0 47 0 28 -0 13 0 02
* significant at 5% level
**g1gmificant at 1% level
SE CD 5%
g ¢ a limne 015 0 31
g ¢ a tester 0 26 0 83
sca 0 37 0 76




Fig 8 General and specific combining ability effects for
100 seed weight

L1 Chharodi-1

L2 - Culture 9

T1 - Kanakamani

’I‘Z - V 240

'I‘3 - y=322

T4 GC-82 7

’I‘5 - V26

TG - 5-488

LlTl Chharodi-1 x Kanakamani
Lsz - Chharodi-1 x V-240
L1T3 - Chharod1 1 x V=322
L1T4 Chharodi 1 x GC 82-7
L:LTS - Chharodi1 1 x V 28
LlTS Chharodi 1 x S-488
Lle - Culture-8 x Kanakamani
LZTZ - Culture 8 x V 240
LZTS Culture 9 x Vv-322
LZT4 - Culture-9 x GC 82 7
LZTS - Culture-9 x V-26

LZTG - Culture 8 x 5-488
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Only two out of six testers had sigmificant g ¢ a effects
viz S5-488 ( 0 90) and GC-82 7 (0 7.) The variety GC-82 7 can be
recommended as a good general combiner for 100-sesd welght V-322
(0 11} and Kanakamam (0 31) exhibated positive but non significant

g ¢ a effects

Among the cross combinations s ¢ a effect showed a range
of -0 968 to 0 96 Si1x crosses recorded positave s ¢ a effects But it
was sagnificant 1n the cross Chharodi-1 x Kanakamani (0 96) alone
Culture-9 x Kanakamama (-0 96) was the only combination which
recorded negative sigmficant s c a effect The Dbest specific
combmation for 100 seed weight was found to be Chharodi 1 x

Kanakamani

Seed yield per plant

Partitioming of the hybrids indicated that mean squares due
to lines and testers were not significant and that due to line x
tester was significant These showed the sigmficance of s ¢ a effects
among crosses Variance due to s ¢ a was higher in magnitude than
variance due to g ¢ a indicating the importance of specific combining

ability alone for this trait

Table 9 (1x) and Fig 9 show the effects due to g c a and

s c a for lines testers and hybrids for this character Significant



Table 9 (1x) g c 2 and s ¢ a effects for seed yield per plant

Testers
Kanakamani V 240 vV 322 GC 82-7 v 26 S-488
(Tl) (TZ) [Ta) (T4) (TS) (TG)
Lines g c a effects 0 56 119 089 -2 28% 2 39 015
s ¢ a effects
Chharodi 1 [Ll) 1 91%% 1 76 102 4 13%% 0 42 1 86 195 1
Culture 9 (Lz) 1 91%% -1 78 1 02 4 13%* 0 42 1 88 -1 95 oL
#* significant at 5% level
~ significant at 1% level
SE CD 5%
g c a line 0 56 113
g c a tester 0 97 1 95
sca 137 2 76




Fig 9 General and specific combining ability effects for
seed yield per plant

Ll - Chharodi-1

L.2 - Culture-9

T1 - Kanakamam

TZ - V=240

TS - VvV 322

T4 GC-82 7

T5 V-26

T6 - 5-488

LlT1 - Chhared: 1 x Kanakamani
Lsz Chharodi-1l x V-240
L1T3 - Chharodi 1 x V-322
L1T4 - Chharodi 1 x GC 82-7
I..lT5 ~ Chharodi 1 x V-26
LlT6 - Chharodi 1 x S5~488
LZTl Culture-9 x Kanakamani
LZTZ Culture 9 x V 240
L2T3 Culture-8 x V-322
L2T4 - QCulture-3 x GC 82-7
LZTS ~ Culture-9 x V-26

LZTS ~ Culture 9 x S5-488
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g c a effects were exhibited by the two lines and two testers Of
these positive g c a effect was manmifested by the line Chharodi-1
(1 91) and the tester V 26 (2 39) These two varieties can be
recommended as good general combiners for seed yisld per plant
However the line Culture 9 ( 1 91} and the tester GC 82-7 (-2 28)

showed negative significant g ¢ a effects

Among the hybrids the s ¢ a effects ranged from -4 13 in
Chharodi-1 x V-322 to 4 13 in Culture-8 x V-322 These two cross
combinations produced significant s c a effects So the best specific

combination for seed yield per plant was Chharodi-1 x V 322

Chlorophyll 'b*' content

ANOVA showed non sigmificant variances for lines and testers
and highly significant variance for the interaction line x tester
suggesting that difference among s c a effects of crosses was
significant Mean squares due to s ca was greater in magnitude
than variance due to g c a so specific combining ability alone was

significant for this attribute

The g c a and s ¢ a estimates of chlorophyll b content 1s
presented 1n lablk 4 (x) and Fig 10 The g c a effects of lines
were -0 03 {(Chharodi-1) and O 03 (Culture 9) but none of these was

significant statistically The two extremes of gca effects



Table 9 {x) g c a and s c a effects for chlorophyll b content

Testers

Kanakamani Vv 240 V=322 GC 82 7 V-286 5-488
(Ty) (T,) (Ty) (T,) (T) (Tg)
Lines g c a effects 0 06 001 0 06 0 13%=* 0 07 -0 086
s ¢ a effects
Chharodi 1 (L'l) -0 03 011 -0 03 0 04 010 0 06 0 09 I
Culture 9 (LZ) 003 0 11 0 03 0 04 010 0 06 0 09 ~i
# significant at 5% level
=-gignificant at 1% level
SE CD 5%
g c a line 0 02 005
g8 ¢ a tester 0 04 0 09
sca 0 06 012




Fig 10 General and specific combining ability effects for

chlorophyll b content

Ll - Chharodi 1

I..2 - Culture 8

T1 - Kanakamani

'I‘2 - V-240

T3 V-322

T4 - GC 827

T5 - V-26

TS - 5-488

LlTl - Chharodi-1 x Kanakamanm
L1T2 - Chharodi-1 x V-240
L1T3 - Chharodi1 1 x V-322
L1T4 - Chharodi-1 x GC 82-7
L1T5 - Chharodi-1 x V 26
LlTB Chharodi-1 x 5-488
Lle - Culture-8 x Kanakamani
L'ZTZ - Culture 9 x v-240
L2T3 - Culture-9 x Vv 322
LZT4 Culture 9 x GC-82-7
LZTS - Culture 9 x V-26

LZTS - Culture 9 x 5488
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produced by the testers were -0 06 (S-488) and 0 13 {GC~-82 7)
GG- 82 7 alone had sigmficant positive g c a effect Culture-9 and
GC-82 7 were the best general combiners for chlorophyll b content

from lines and testers respectively

None of the hybrids showed sigmficant g c a effects and 1t
ranged from -0 11 (Culture 9 x Kanakamam) to 0 11 (Chharodi-1
Kanakamani) Chharodi 1 x Kanakamama was the good specific

combination for this trait

Pod borer incidence

Combining abality analysis revealed highly sigmficant
varmance due to lines 1indicating that lines differed for their g c a
efffects while variance due to testers and line x tester were not
significant It was also found that s ¢ a variance was higher in

magnitude than g ¢ a variance

The estimates of g c a and s c a effects are presented in
Fable 9 (x1) and Fig 11 The g c a effects were comparatively low
for pod borer 1incidence It was sigmficant 1n the two lines
Positive g c a effect was exhibited by Culture 9 (2 02) and negative
g c a effect by Chaarodi-1 ( 2 02) Among the testers Kanakamani

(1 27) showed highest g ¢ a effect which was not significant Best
general combiner line vas chharodi 1 and V 322 (-1 01) was the best

general combining tester



Table 9 (x1) g c a and s ¢ a effects for pod borer incidence

Testers
Kanakamani vV 240 v 322 GC-82 7 vV 26 S5-488
(Tl) (Tz) (TS] (T4) [TS] (TB)
Lines g c a effects 127 0 61 101 0 64 0 67 0 96

s ¢ a effects

Chharodi 1 [Ll) 2 02% 115 071 1 47 -1 40 150 1 87

Culture 9 (LZ) 2 02% 115 071 1 47 140 150 -1 87

# sigmificant at 5% level
#-g1gmficant at 1% level

SE CD 5%
g c a line 0 80 1 62
g ¢ a tester 139 2 82

sca 197 3 98




Fig 11 General and specific combining ability effects for
pod borer incidence

L1 - Chharodi-1

L2 - Culture 9

'1‘1 Kanakamani

T2 - V=240

T3 - V322

T4 - GC 82 7

T5 -  V-26

T6 - S-488

LlTl - Chharodi 1 x Kanakamani
LlTZ - Chharodi1 1 x V-240
L1T3 - Chharodi 1 x V-322
L1T4 - Chharodi-1 x GGC-82-7
LlTS - Chharodi 1 x V-26
Ll'I'6 Chharodi1 1 x S-488
LZT1 -~ Culture-9 x Kanakamani
Lsz - Culture-9 x V 240
LZTa - Culture-9 x V-322
I..ZT4 Culture-8 x GC 82 7
LZTS - Culture 9 x V 26

L2T6 Culture 9 x 5-488



General and Specific Combining ability effects

G C A EFFECTS |- 8 C A CFFECTS

" N
.

-1r\ § \
-0 — e
3T T T T T T T T T T T T T
LLTTTTTTLLLLLLLULLLLL
1212345611111 1222222
TTTTTTTTTTTT
123456123456

POD BORER INCIDENCE

Fla 11



80

The s ¢ a effects were also comparatively low and ranged
from -1 87 (Culture 9 x S-488) to 1 87 (Chharodi-1 x S 488) None
of the hybrids manifested significant s c a effect The cross
combination Culture-8 x S5-488 can be taken as the best specific

combination with low pod borer attack

The abstract for the best line and tester with high
general combining ability and specific combination for each character
are given in Table 10 It was found that the line Culture 9 was the
best general combiner for early flowering (-0 78) early maturity (-
0 50) dwarfness { 6 18) length of pod (0 75) 100 seed weight
(1 43) and chlorophyll b content {0 03) Chharodi 1 was the best
general combining line for tallness (6 18) number of branches per
plant (0 06) number of pods per plant (3 55) number of seeds per
pod (0 79) seed yield per plant (1 91) and low pod borer incidence

(-2 02)

Among the testers 1t was seen that the variety V 26 was
the best general combiner for early maturity (-1 61) dwariness
( 571} number of pods per plant (3 01) and seed yield per plant
(2 39) The variety GC-82-7 was the best general combiner for 100-
seed weight (0 71) and chlorophyll b content (0 13) For early

flowering (-0 56) and number of branches per plant (0 72) V-240
and for length of pod (1 80) and number of seeds per pod (1 59)

Kanakamani were the best general combiners



Table 10 Best General combiners and specific combination for 11 characters

Best general combiner

Best specific combination

Sl Character Line gca Tester gca Hybrid sca
No effect effect effect
1 Days to flowering Culture 9 0 78~ V 240 0 56 Culture 9 x V-240 0 58
2 Days to maturity Culture 9 -0 50 V 26 1 g1 Chharodi 1 x V-26 1 56
3 Plant height
tallness Chharodi 1 6 18+*  S-488 7 97%%  Culture 9 x S5-488 4 g8F*
dwarfness Culture-9 6 18#* VvV 26 5 71%= Chharodi 1 x S-488 4 98%*
4 Number of branches Chharodi 1 0 06 V 240 0 72*%%*  Chharodi 1 x V-26 0 59%%
per plant
5 No of pods Chharodi-1 3 55%%  V-26 3 01%% chharodi 1 x V 26 3 63%*
per plant o
Length of pod Culture 9 0 75*  Kanakamani 1 80%%  Culture 9 x Kanakamani 0 85 her
ggln;lbggdof seeds Chharod: 1 0 79%*  Kanakamani 1 59%%  Culture 9 x Kanakamani 2 D4%=
100-seed weight Culture 9 1 43**% GC-82 7 0 71**  Chharodi-1 x Kanakamam 0 96%
9 Seed yield Chharodi-1 1 91%%  V-26 2 39%*%  Culture-9 x V 322 4 13%~
per plant
10 Chlorophyll b Culture 9 0 03 GC-82 7 0 13% Chharodi 1 x Kanakamam 011
11 Pod borer Chharod:y 1 2 02~ v-322 -1 01 Culture 9 x S-488 -1 87

* Bigmificant at 5% level

** Sigmificant at 1% level
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Some of the best specific combinations were Chharodi-I x
V-26 for early maturity ( 1 56) number of branches per plant
(0 539) and number of pods per plant (3 63) Culture-9 x Kanakamani
for length of pod (0 85) and number of seeds per pod (2 04) and
Chharodi 1 x Kanakamani for 100-seed weight (0 96) and chlorophyll

b content (0 11) which i1s shown 1in plate 1

For seven out of eleven characters studied for combining
ability the best specific comb}gatmn mvolved at least one of the

best general combiners

Proportional contribution of lines testers and line x tester to total
variance

Proportional contribution of lines testergs and line x tester
to the total variance for 11 characters studied for combining ability

are presented in Table 11 and represented in Figures 12 to 17

With regard to days to flowering lines contributed 62 17
percent testers 15 13 percent and line x tester interaction 22 70
percent to the total variance The contribution of lines to the total
sum of squares due to hybrids was higher than the testers and line
X tester interaction 1indicating high estimates of variances due to

gca

Of the total variance for number of days to maturity the

contribution of lines was 13 38 percent of testers 37 61 percent and



jPlate No.l. Superior Combinations with respect to combining ability
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Table 11 Proporitional contribution of lines

line x tester interaction to total variance

testers and

Character Lines Testers Line X tester

(%} %) (%)
1 Days to flowering 62 17 15 13 22 70
2 Days to maturity 13 38 37 61 49 01
3 Plant height 56 19 31 12 12 70
4 Number of branches per plant 1 23 56 21 42 56
5 Number of pods per plant 51 13 19 72 29 15
6 Length of pod 26 54 55 68 17 78
7 Number of seeds per pod 27 73 30 82 41 45
8 100-seed weight 81 23 9 90 8 87
9 Seed yield per plant 34 27 21 02 44 71
10 Chlorophyll b content 5 80 46 05 48 15
11 Pod borer incidence 59 62 11 75 28 63
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of line x tester 49 01 perecent The contribution of line x tester
interaction was higher than the lines and testers to the total sum of
squares due to hybrids revealing the higher estimates of variance

due to s c a

In the case of plant height the lines contributed 56 19
percent testers 31 12 perce;:t and line x tester ainteraction 12 70
percent to the total variance The contribution of lines to the total
variance due to hybrids vas higher than the testers and line x
tester interaction dencting the higher estimates of variances due to

gca

Of the total variance for number of branches per plant the
contribution of lines was 1 23 percent of testers 56 21 percent and
of line x tester 42 56 percent The contribution of testers to the
total mean square due to hybrids was higher than that of the lines
and line x tester interaction 1indicating high estimates of variance

due to g ¢c a

With respect to the number of pods per plant lines
contributed 51 13 percent testers 19 72 percent and line x tester
28 15 percent Here the contribution of lines to the total sum of

squares due to hybrids was higher than that of the testers and line
X tester ainteraction indicated high estimates of wvariance due to

gca
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Out of the total variance for length of pod the contribution
of lines was 26 54 percent of testers 55 68 percent and of line x
tester 17 78 percent The contribution of testers to the total sum of
squares due to hybrids was higher than that of the lines and line x

tester interaction revealed higher estimates of variance due to g c a

In the case of number of seeds per pod the lines
contributed 27 73 percent testers 30 81 percent and line x tester
41 45 percent to the total variance The higher contribution of line
x tester 1interaction to the total sum of squares due to hybrids

denoted the higher estimates of variance due to s c a

With regard to 2100 seed weight 81 23 percent of total
variance was contributed by lines 9 90 percent by testers and 8 87
percent by line x tester The smaller contribution of line X tester
mnteraction than lines and testers to the total sum of squares due to

hybrids indicated high estimates of variance due to g c a

Of the total variance for seed yield per plant the
contribution of lines was 34 27 percent of testers 21 02 percent and
of line x tester 44 71 percent The higher contribution of line x
tester interaction over lines and testers to the total sum of squares
due to hybrids revealed the higher estimates of wvariance due to

s GCa
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With respect of chlorophyll b content 1lines contributed
5 80 percent testers 46 05 percent and interaction 48 15 percent to
the totral variance The contribution of line x tester interaction to
the total sum of squares due to hybrids was higher than that of the

lines and testers indicated high estimates of variance due to s c a

In the case of percentage of pod borer incidence the
contribution of lines was 59 62 percent testers 11 75 percent and
line x tester 28 64 percent to the total varlance The smaller
contribution of line x tester interaction than lines to the total
variance due to hybrids denoted the higher estimates of variance

due to g c a

Genetic components of variance
The genetic components of the variance o2 A and G‘ZD
(additive and dominance components) and their ratio were estimated

and are presented 1in Table 13

For the character days to flowering additive genetic

variance (0 24) was greater than the dominance component (0 024)

Dominance component (5 98) was greater than the additive

genetic component (0 07) for days to maturity
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Table 12 Genetic components of variance and variance ratio
for 11 characters

sl Character —~2 A ~2D o 32A/kZD
No
1 Days to flowering 0 24 0 02 10 17
2 Days to maturity NEC 5 98 0 01
3 Plant height 24 52 75 87 0 32
4 No of branches/plant 0 01 0 80 0 01
5 No of pods per plant 4 42 64 16 0 32
6 Lenght of pod 0 64 110 0 58
7 No seeds per pod 0 10 8 22 0 01
8 100 seed weight 101 1 57 0 67
9 Seed yield per plant 0 09 38 31 0 002
10 Chlorophyll b content ~NE 0 04 001
11 Pod borer incidence 126 3 25 0 39

Where o 2 A

o2 D dominance variance

additive genetic variance
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For the trait plant height dominance variance (75 87) was

greater than the additive genetic variance (24 52)

Dominance component (0 80) was greater than the additive
genetic component (0 01) with regard to number of branches per

plant

Dominance variance (64 16) was greater than additive

genetic variance (4 42) for number of pods per plant

The dominance genetic variance for length of pod (1 10) was

greater than additive genetic variance (0 64)

With respect to the trait number of seeds per pod
dominance component of variance (8 22) was greater than additive

component of variance (0 10)

For 100-seed weight dominance variance (1 57) was greater

than additive variance (1 01)

Seed yield per plant had a dominance component (38 31)

whaich was greater than the additive component

Dominance variance (0 04) was greater than additive

variance (-0 0003) for chlorophyll b content
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Percentage of pod borer attack had a dominance component

(3 25) which was greater than additive component (1 26)

Gene Action

The nature of gene action 1s known to vary with the genetic
make up and the extent of diversity between the parents i1n the
hybridisation programme A knowledge of the 1inheritance of
quantitative traits should therefore 1increase the effectiveness of
selection for these traits The combining ability 218 determined
mawnly by two types of gene action viz additive and non-additive
The additive effects are mainly due to polygenes which act in
additive manner producing fixable effects The non additive gene
action results from dominance epistasis and various other interaction

effects which are non fixable

In a line x tester analysis 1f the variance due to lines
testers and line x tester interaction were significant 1t showed that
both additive and non-additive gene actions might be involved 1in the
inheraitance of the trait (Ramakrishnan and Soundrapandian 1990)
A high g c a effect for a particular trait of a parent indicates the
additive gene effects for the trait governed by the genes in the
parent concerned The estimates of g c a variance 1f higher than
their respective s ¢ a varlance 1indicated predominance of additive

gene action and vice versa
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For the character days to flowerging only variance due to
lines was significant and variance due to testers and that due to
line x tester 1interaction were not significant The g c a variance
was higher in maginitude than s ¢ a variance and variance ratio was
1017 1 All these revealed that only additive gene action was
important for days to flowering The positive <,——Z g ¢ a estimate
and negative o< 2 s ¢ a also indicated the predominant role of

additive gene action in the inheritance of this character

Mean square due to lines and testers showed no significant
difference for number of days to maturity S c a variance alone was
found significant at 5% leve] of probabaility Variance due to g c a
was lower 1in magnitude than that of s ca The additive to
dominance variance ratia was 001 1 So only non additive gene
action was 1involved in the inheritance of this character The
negative 6_2 g c a estimate and positive c—'z s ¢ a estimate also
denoted the predominant rcle of non additive gene action in governing

this character

With respect to plant height mean square due to lines and
line x tester 1interaction vere significant But variance due to
testers was not significant This showed the importance of both
additive and non-additive gene effects for the control of this

character But s c a variance was more than thrice the gca



variance indicating the predominance of non additive gene action
The ratio of additave to dominance variance was 0 32 1 which also

supported this statement

For the character number of branches per plant variance
of lines and testers did not differ sigmificantly whereas variance
due to line x tester interaction was significasmt 1indicating the
importance of non additive gene action Higher magnitude of s c a
variance over g ca variance and the variance ratio (0 01 1)
evidenced that non additive gene effects was involved 1in controlling

this character

Variance due to lines and due to line x tester interaction
were found sigmficant and due to tester was not sigmficant for
number of pods per plant This 1ndicated that both additive and
interaction effects might govern the inheritance of the character
number of pods per plant However this trait appeared to be
controlled predominantly by non-additive gene action as evidenced
by the high s c a variance compared to g ¢ a varmance and the low

additive to dominance variance ratio (0 32 1)

With regard to the character length of pod mean square
due to lines and testers vere observed as significant while mean
square due to line x tester interaction was not significant This

showed that only additive gene action might be involved in the



inheritance of this trait This was further supported by the high

g C a variance over s C a varlance The variance ratio was 0 58 1

For the character number of seeds per pod there was no
significant variation among lines and testers but sigmficant
variance due to line X tester interaction was noticed This revealed
the 1importance of non additive gene effect for this character
Variance due to g c a was found to be less than that of s c a and
0011 was the variance ratio This also indicated that only

additive gene effect prevailed in the inheritance of this character

Mean square due to lines and line x tester were signmificant
and that due to tester was not signmificant for 100 seed weight
denoting that this character might be governed by both additive and
non-additive gene effects The ratio of additive to dominance

variance (0 67 1) also supported this inference

With respect to the trait seed yield per plant varlance
due to line x tester interaction alone was significant whaich indicated
the i1mportant role of non additave gene action for the expression of
this character However the var:ances due to line and tester were
not significant for 100-seed veight The estimates of variance of

gca and s c a also revealed that the nature of gene action was
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predominantly non additive as evidenced by the high value of s c a
mean square over g ca variance and the low variance ratio

(0 002 1)

For the attribute chlorophyll b content the variances due
to line and tester were not significant The only significant
component was variance due to line x tester interaction which showed
that non-additive gene action alone might be 1nvolved 1n the
inheritance of chlorphyll b content The negative rz gca
estimate and positive c.-2 s ¢ a estimate and the ratio of additive to
domainance variance (0 01 1) also indicated the predominant role of

non additive gene action for the expression of this trait

Mean square due to line alone was found to be significant
for pod borer 1incidence Mean square due to testers and line x
tester interaction were not significant The s c a wvariance was
greater 1in magmtude than g c a variance and ratio of additive
variance to dominance variance was 0 391 These indicated that
both additive and non-additive gene effects might govern the

inheritance of resistance to pod borer

In general 1t was seen that for all the eleven characters

studied non additive gene action was more predomiant than additive
gene action except for days to flowering and length of pod ain

controlling their inheritance
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Discussion

The success of crop improvement programme aimed at the
production of superior varieties depends solely on the selection of
suitable genotypes to be wused as parents in the hybridisation
programme Breeders have often used high per se performance as a
criterien for selection of parents for attempting crosses However
apparently good performing parents do not always produce desirable
segregants In autogamous crops like cowpea breeders are
interested 1n transgressive segregants that can be obtained in later
generations Combining ability analysis provides useful informations
on the nature of inheritance of quantitative characters and also helps
in 1dentifying superior parents and cross combinations likely to yield
better progenies The combining ability approach for line x tester
analysis 1s used for classification of parental genotypes in terms of
their hybrid performance and preferred where maternal effect
epistasis and non-independent gene action are suspected (Upadhyaya
and Sawant 1930) The present experiment was undertaken to study
the combining ability and gene action in grain cowpea under partially
shaded conditions of coconut garden Two lines six testers and the
twelve hybrids obtained by crossing them in line x tester fashion
were subjected to statistical analysis The results of the study are

discussed here



Combinming abilaty

The general and specific combiming ability estimates will be
of great value 1in sorting out good combiners and desirable cross
combinations The results obtained from the line x tester analysas

are discussed below{ Tabes § and 2 dnd Fg 1))

The analysis of variance revealed that mean square due to
lines and line x tester interaction were significant for the characters
plant height number of pods per plant and 100-seed weight This
showed the wmportance of both general and specific combining
abilities for these traits Mean square due to lines alone was
significant for days to flowering and pod borer incidence and that
due to lines and testers were sigmficant for length of pod These
indicated the 1importance of general combining abilaty for the
expression of these traits However the variance due to line x
tester 1interaction alone was found sigmificant for days to maturity
number of branches per plant number of seeds per pod seed yield
per plant and chlorophyll b content suggesting the
importance of specific combining ability for these cnaracters
Though g ¢ a and s ¢ a variances were observed a preponderance of
s ¢ a variance was observed for plant height number of pods per

plant and 100 seed weight



For the character days to flowering the mean square due
to lines alone was sigmficant suggesting the importance of general
combining ability for this trait This 1s in accordance with the
reports of Mishra et al (1987) in cowpea Ranallli et al (1989} in
pea and Cheralu gt al (1989) and Saxena et al (1989) in pigeon pea
However contradictory to this Mandal and Bahl (1987) reported in

chickpea that g ¢ a was not sigmficant for days to flowering

A significant negative g c a effect was shown by the line
Culture 9 Among testers V-240 had maximum non-sigmficant g c a
effect The maximum non-signmficant s ¢ a effect was exhibited by
Culture-9 x V-240 Parents with negative g c a effects were
nvolved in this cross The other good combmnations for earliness to
flower were Chharodi-I x V-322 Culture-9 x GC 82-7 and Chharodi-1
X S 488 where Chharodi 1 V-322 and S-488 with positaive g ¢ a and
Culture-9 and GC 82-7 with negative g ¢ a effects The best specific
combinations for earliness threfore 1involved early x early and late
x late parents It was seen that the g c a effects of the lines were
generally related to their per se performance But 1t was not true
for testers and Fls Out of the si1x best combinatiogn for earliness
two 1nvolved parents which were early x early two early x late

and two late x late general combiners



The wvariance due to line x tester interaction alone was
significant for the character days to maturity suggesting the
importance of s ca for this trait Sumilar results were also
obtained by Katiyar et al (1888) in chickpea On the contrary
both g ¢ a and s ¢ a were reported to be important with high gc a
in cowpea (Chauhan and Joshi 1981) in greengram (Wilson et al

1985) and in blackgram (Singh et al 1987)

Maximum negative g ¢ a effect for days to maturity was
recorded by the line Culture 8 and mgﬁhﬁcant negative g c a effect
by the tester V-26 Negative g c a effect was also shown by the
tester V 240 but not significant Among the different cross
combinations maximum s c a effect was shown by the hybrid
Chharodi-1 x V-26 followed by Culture 9 x GC-82 7 and Chharodi-1
x V 322 In the cross Chharodi 1 x V-26 the line being late and
the tester being early maturing varieties In other crosses Culture-9
was a general combiner for early maturity and the other three
varieties were general combiners for late maturity None of the
s c a effects were statistically significant The best combinations
involved parents with late x early and late x late general combainers
for the character In general the g ¢ a and per se performance of
lines and s ¢ a and per se performance of crosses were related byt
the g ¢ a and per se performance of testers were not related Si1x

Crosses with negative s ¢ a effects involved early x late early x



early and late x late general combiners The g c a of the parents
had relation on the s c a effects of their crosses 1e the crosses
nvolving the high negative general combiners were ha#ving high

negative s ¢ a effects in many of the cases

For the character plant height high variance was observed
for lines and line x tester interaction But variance due to testers
was not significant These suggested that the character plant height
might be governsd by both general and specific combining ability
effects This 1s 1in confarmity with the reports of Moitra et al
(1988) and El-murabae et al (1988) in pea Katiyar et al (1988) in
chickpea and Rajarathinam and Rathnasami (1890) in blackgram
However the predominance of s c a effect for this character in the
present study 1s in agreement with the finding of Kaw and Madhava
Menon (1977) in Soybean whereas Tewatia et al (1988) Cheralu st
al (1989) and Saxena et al (1989) observed in pea that s ¢ a was

smaller than g c a

The g c a effects vere significant in two lines and five
testers and s c a effects sigmificant 1i1n six bybrids Maximum
positive g c a effect (tallness) was expressed by Chharodi-1 among
lines and $ 488 among testers V-322 was another tester with high
positaive g c a effect Negative g c a effect (dwarfness) was

recorded by the line Culture 9 and by the testers Kanakamani



GC-82-7 and V 26 Among the different cross combinations maximum
positive s ¢ a effect was shown by Culture-9 x 5-488 which was a
combination involving poor and good general combiners for plant
height The next best combinations were Chharodi-1 x Kanakamani
and Culture-9 x GC 82 7 Of these Chharodi-1 alone was a good
combiner All others have negative g c a effects All the best
general combiners produced at least one cross with high s ¢ a and
vice versa Positive s c a effects were manifested by the six
crosses wnvolving good X poor combiners 1in three crosses good X
good combiners 1n two crosses and poer X poor combiners 1n one
cross The g c a of the parents and s ¢ a of the hybrids in general

directly related to their per se performance

Variance due to 1line x tester 1nteraction alone was
significant for the character number of branches per plant indicating
higher importance of specific combining ability Similar results were
also reported by Katiyar et al (1988) in chackpea Singh et al
(1987) and Rajarathinam and Rathnasamy (1990) reported in blackgram
that s ¢ a was higher than gc a On the contrary g c a was
reported to be high by HNienhuis and Singh (1987) in fieldbean
Saxena and Sharma (1989) in greengram and Cheralu et al (1989) in

pigeonpea

Maximum positaive g ¢ a effect for the character was

recorded by the line Chharodi-1 and the tester V 240 Among the
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different cross combinations maximum s ¢ a effect was shown by the
cross Chharodi-1 x V-26 followed by Culture-9 x V-322 and Culture-9
x GC-82-7 In the cross Chharodi-1 x V-26 the line and tester were
good general combiners for number of branches per plant whereas in
other two crosses the line Culture-9 and the testers V-322 and GC-
82 7 were poor general combiners So the best combinations involved
parents with good x goocd and poor x poor general combiners for
this character The g c a effects of the parents 1n general had no
bearing on the s c a effects of the crosses 1e the crosses having
high general combiners need not necessarily have high s c a effects
The g c a effects of the parents were generally not related to their
per se performance while correspondence between the s c a effect
and per se performance of the E‘1 S were seen 1n most of the
crosses Out of the six good combinations for high number of

brafches per plant three involved parents which were poor X poar

two poor x good and one good x good general combaners

Sigmficant wvariances were recorded for lines and line x
tester interaction for number of pods per plant but s ¢ a variance
was higher 1in magnitude than the g ¢ a variance Preponderance of
s ¢ca variance was also reported by Smngh et al (1987) n
blackgram Kumar and Bahl (1988) and Bahl and Kumar (1989) 1in
chickpea and Rajarathinum and Rathnasamy (1990) in urd bean But

contrary to this Tewatia et al (1988) and Ranalll et al (1989) in pea
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and Saxena et al (1989) in pigeon pea reported predominant g c a

variance for this character

Significant positive g c a effects were shown by one line
and three testers and significant positive s ¢ a effects by two
crosses The line with good g c a effect was Chharodi-1 and the
best tester was V-26 followed by S5-488 and V-240 Negative g c a
effects were recorded by the line Culture-3 and by the testers
Kanakamani v-322 and GC 82 7 Maximum s ¢ a effect for the
character was recorded by Culture 9 x V 322 followed by
Chharodi 1 x V-26 and Chharodi-1 x S5-488 In the cross Culture-9 x
V 322 both parents were with negative g c a effects while the other
two crosses involved parents with positive g c a effects Cut of the
s1x cross combinations with positive s c a effects two were
combinations between parents with poor x poor combiners two good
x poor and two good x good general combiners The cross with
highest s ¢ a effect had the parents with highest g c¢c a effects The
g ca effects of the lines were comparable with thewr per se
performance But this was not true for the testers The s ¢ a effect
of the crosses were also not generally related to their per se

performance

Far the character length of pod variance due to lines and

testers were significant indicating that g ¢ a might be important for
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the trait whereas variance due to line X tester interaction was not
signmificant Similar results were also reported by Wilson et al (1985)
in greengram and Tewatia et al (1988) in pea However Erskine and
Kesavan (1982) suggested the sigmificance of s ¢ a for this character

in winged bean

The g c a effect was 51gn1flc%1t for two lines Culture 9 with
positive and Chharodi-1 with negative values Among testers 1t was
significant for Kanakamani (positive)} and S 488 (negative) Sca
effect was not sigmficant for any of the cross combinations The
best positive g c a effect was shown by the tester Kanakamam
followed by V-26 and GC 82 7 Among the different cross
combinations maximum positive s ¢ a effect was recorded by Culture-
9 x Kanakamani followed by Culture 9 x S-488 and Chharodi-1 x V
322 The cross Culture 9 x Kanakamami 1involved parents with
positive g ¢ a effects Culture-§ x 5-488 1involved one parent with
positive g c a effect and the other with negative g ¢ a effect and
Chharodi-1 x V-322 1involved parents with negative g c a effects Out
of the si1x cross combinations with positive s ¢ a effects three were
combinations between parents which were good X poor two between
poor X poor and one was a cross between two good general
combiners The best general combiners resulted in the highest s ¢ a

effect A relation was detected between the per se performance of
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the lines and their g c a effects But the g c a of the testers and
s ca cof crosses were not generally related to their per se

performance

The variance due to line x tester interaction alone was
sigmficant for the character number of seeds per pod indicating the
importance of s ¢ a for the character Sigmficant s ¢ a was reported
for this trait in cowpea by Singh and Jawn (1977) and 1in chickpea
by Bahl and Kumar (1983) But g c a was more important for this
character as reported in pea (Ranalll et al 1989) pigenopea (Saxena

et al. 1983) and greengram (Saxena and Sharma 1989)

The g c a effects were significant in both the lines and two
testers and the s ¢ a effects in two hybrids The maximum positive
g ¢ a effect was exhibited by the line Chharodi 1 and the tester
Kanakamani V 26 also had positive g ¢ a effect Among the different
cross combinations the maximum positive s ¢ a effect was recorded
by Culture 9 x Kanakamani followed by Chharodi-1 x V 240 and
Chharodi 1 x S-488 All the three combinations 1involved one parent
with positive g c a effect and one with negative g c a effect Here
the best specific combination involved the best general combining
tester All the six cross combinations with positive s c a effects
were between good and poor general combiners This also suggested

the importance of s ¢ a for this character The per se performance
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of the lines were not directly related to the g ¢ a effects But the
g c a effects of the testers and s ¢ a effects of the crosses were

directly related to their per se performance

The character 100 seed weight had significant variance due
to lines and line x tester interaction sugges’ged that the g c a and
s ¢ a might be important for this character Patel et al (1988) in
greengram and Katiyar et al (1988) 1in chickpea also obtawned the
similar results In the present study the variance due to s c a was
greater than that due to g ¢ a suggesting the predominance of s ¢ a
for this character This 1s in line with the reports of Fleck A Von
and Ruckenbauer (1889) in fababean On the contrary Wilson et al
(1985) 1n greengram and Kumar and Bahl (1988) and Bahl and Kumar
(1989) in chickpea had reported that the g ¢ a variance was higher

for this character

The g c a effects were sigmificant in two lines and two
testers and the s c a effects for two cross combinations The
maximum positive g ¢ a effect for this character was recorded hy
the line Culture 9 and by the tester GC 82-7 Maximum negative
g c a effect was shown by Chharodi 1 among lines and 5-488 among
testers Among the different cross combinations maximum pos:itive
s c a effect was recorded by Chharodi 1 x Kanakamani whaich

involved parents with negative and positive g ¢ a effects The next
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best combination was Culture-9 x V-322 which ainvolves two good
parents Culture 9 x V-240 was another good cross with one poor and
one good general combiners The g c a effects of the lines and
testers and s ¢ a effects of the crosses were generally related to
their per se performance Of the si1x cross combinations with
positive s ¢ a effects two crosses involved parents which are good
general combiners three with good x poor and one cross with poor
X poor combiners The best general combiners did not result in

highest s ¢ a effect

The combining ability analysis for seed yield showed that
mean square due to line x tester alone was significant for seed yield
per plant 1ndicating that this character might be controlled by
specu;(‘:d combining ability Similar results were reported by De-
Silva AOmran(lSBG] in winged bean Mishra et al (18987) in cowpea
Singh et al (1987) in blackgram Kumar and Bahl (1988) and Bahl and
Kumar (1989) 1in chickpea and Rajarathinam and Rathnasamy (1990)
and Kalia et al (1991) in blackgram But contrary to this Chauhan
and Joshi (1981) cowpea Wilson et al (1985) in greengram Smghq:d
Saini(1986) and Nienbuis and Singh ({1986) in fieldbean Naumkaina
(1986) and Tewatia (1988) 1n pea and Cheralu et al (1983) 1n

pigeonpea reported higher g c a for this character The gca

effects were significant for two lines and two testers and s c a
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effects for two hybrids The maximum positive g c a effect was
recorded by the line Chharodi 1 and the tester V-26 Negative
g ca effects vere shown by the line Culture 3 and the tester
GC 82-7 Among the different cross combinations the maximum
positive s ¢ a effect was recorded by Culture 8 x V-322 both had
negative g ¢ a effects The bext best combinations were Chharodi 1
X 5 488 and Chharodi-1 x V-26 both involved parents with positive
g c a effects Out of the six cross combinations with positive s ¢ a
effects two cross combinations wvith good x good two with good x
poor and two with poor x poor general combainers The gca
efffects of the parents had no bearing on the s c a effects of the
crosses All these 1indicated the importance of s c a in controlling
this character The g ¢ a effects of the parents and s ¢ a effects
of the hybrids were generally not related to their per se

performance

The treatments did not daffer significantly for the
chlorophyll a content and hence the g c a variances were not
important Contrary to this Cheng et al (1985) in sorghum and
Chadha et al (1988) in brinjal revealed that both gca and sca

mean squares were high

The variance due to line X tester ainteraction alone was

sigmificant for chlorophyll b content 1indicating high s ¢ a effect

for this trait Similar result was obtamned by Patel and Kukadia
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(1986} 1n pearl mllet However g ca variance was found
predominant for chlorophyll b content in sorghum (Cheng et al
1985) Chadha et al (1988) observed in brinjal that both g c a and

s c a were 1mportant

The g c a effects of the lines were not significant and
that of testers was significant for one variety None of the crosses
had signmificant s c a effect The line Culture 9 recorded positive
g ¢ a and Chharodi~1 recorded negative g ¢ a effects The maximum
positive g ¢ a effect was recorded by the tester GC-82-7 followed by
V-322 and V-240 Negative g c a effects were expressed by the
testers Kanakamani V-26 and S5-488 Among the twelve hybrid
combinations the maximum positive s ¢ a effect was recorded by the
cross Chharodi-1 x Kanakamanmi which involved parents with negative
g ¢ a effects The next best combinations were Chharodi-I x GC-82-
7 and Culture-9 x S5-488 Both 1nvolved parents with positive and
negative g c a effects Out of the six cross combmations with
positive s c a effects three crosses involved parents which were
good x poor two good x good and one poor X poor general
combiners The g c a effects of the lines and s ¢ a effects of the
crosses were related directly to thewr per se performance  The per
se performance of the testers did not correspond tc their respective

g c a effects Also parents with high g ¢ a did not result in

crosses with high s c a
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Genotypes did not show any variation for total chlorophyll
content Hence the gca and s ca were not important for thas
trait However significant g ¢ a and s ¢ a effects were reported for
total chlorophyll content in brinjal (Chanda et al 1888) Sigmificant
g c a for flag leaf chlorophyll was observed in bread wheat (Ellison
et al 1983) and in sorghum (Cheng et al 19895) On the contrary
the importance of s ¢ a effect for this character was reported by

Patel and Kukadia (1986) in pearl millet

For percentage of pod borer incidence mean square due to
lines alone was significant denoted that g c a might be important
for this trait With regard to different pests similar results were
observed in maize against European corn borer (Khalifa and Drolsom
1988 and Kim et al 1989) and in sorghum against shootfly (Dixon et
al 1930) On the contrary to this Holley et al (1985) r=ported in

groundnut that resistance to the ainsects Franklimella fusca and

Heliothis zea was under the control of s c a

The g c a effects were significant for the two lines
whereas g ¢ a effects of testers and s ¢ a effects of crosses were
not significant The best general combiner among lines was
Chharodi-1 which had a negative g c a effect Culture-9 recorded a
positive g ¢ a effect Negative g ¢ a effects were recorded by the

testers S-488 Vv 240 and V-322 and positave g ¢ a effects by
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Kanakamam V-26 and GC 82-7 The c¢ross combination which
expressed the maximum negative s ¢ a effect was Culture 9 x 5-488
where the line had positive g ¢ a effect and the tester had negative
g ¢ a effect The other best crosses were Chharodi-1 x V 26 and
Culture 9 x V 322 which also involved parents whch are poor x
good general combiners All the six cross combinations which
exhibited negative s ca effects were between good x poor
combiners There was no correspondence between the g ¢ a effects
of the lines and testers and s ¢ a effects of c¥psses with their

respective per se performance

In general a good relationship between the g ¢ a and per se
perdformance of the lines was obsereved for seven out of the eleven
characters studied which 1ncludes days to flowering days to
maturity plant height number of pods per plant length of pod
100 seed weight and chlorophyll b  content wWith regard to
testers 1t was true for only three traits viz plant height number
of seeds per pod and 100-seed weight It was also obvious that the
hybrids with high per se performance recorded high s ¢ a effects
for most of the characters studied except for days to flowering
length of pod seed yield per plant and pod borer incidence
However no such relationship was noticed between g c a and s c a of
best crosses except for days to flowering days to maturity number

of pods per plant and length of pod
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The s c a effects of the crosses revealed that the best
cross cembinations were between good x good good x poor and poor
X poor general combiners for most of the characters studied But a
critical examination of the performance of parents and crosses showed
that crosses having highest s ¢ a effects for different characters
involved parents with high x low and low x low g c a effects of
which high x low combanations were more frequent Similar results
were also observed 1n groundnut (Habib et al (1985) chickpea
(Mandal and Bahl 1987) blackgram (Singh et al, 1987 and
Rajarathinam and Rathnasamy 1990) and in pea (Singh and Singh

1990)

The crosses involving high x high parents could be of
immense value for exercising single plant selection 1in advanced
generations Since 1n such hybrids high s c a effects were due to
additive and additive x additive type of gene action which are
fixable The crosses which involved at least one good general
combiner may be exploited for aisolating desirable transgressive
segregants 1n Fz 1f the additive genetic system present in the good

combiner and the complementary epistatic effects in the F, acted in

1

the same direction to maximise the desirable plant attributes (Singh

and Singh 1990)

In the crosses involving high x low combinations genetic
interactions might be of additive x dominance type and g ¢ a effect

played an 1mportant role in the expression of positive and
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significant s ¢ a effects (Singh et al 1987) However in hybrids
significant s ¢ a effects associated with low x low performers
reflected non-additive type of gene effects hence these hybrids
could be exploited for heterosis breeding (Singh and Singh 1990)
Here the genetic interaction might be of dominance x dominance type

(Singh et al, 1987)

Intermating amongst the selects in biparental fashion in the
early generation 1s likely to break undesirable linkages and may

result 1n rare desirable combinations

Gene action

Ramakrishnan and Soundrapandian (1890) opined that if the
variance due to lmnes due to testers and due to line x tester
interaction were sigmificant both additive and non-additive gene
actions might be 1involved in the inheritance of that chatacter A
high g c a effect for a particular trait of a parent indicates the
additive gene effect for the trait governed by the genes in the
parent concerned In the combining ability analysis 1f the s c a
variance was greater than g c a variance the non-additive gene
effect was considered to be predominant for the character The
analysis of wvariance of the present study revealed the
preponderance of s ¢ a variance for most of the characters studied

The ratio of gca variance to s ¢ a variance 1S also used in the
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interpretation of the significance of additive and non additive gene

effects( “ebles @ Il ond (2 and Fg /2 17)

For the character days to flowering mean square due to
lines alone was sigmficant The contribution of lines to total sum
of square due to hybrids was higher than the testers and line X
tester interaction Variance due to s c a was negative and lower in
magnitude than g c a variance The ratio of 5—2 A/ o—zD was
more than one All these suggested the predominant role of additive
gene effects in the inheritance of this trait This was in confermity
with the results of Patel and Bhapkar (1986) in cowpea Yadavendra
and Sudhirkumar (1987) in chickpea Gil and Martin (1988) in faba
bean Tawar et al 18989) in soybean and Rejatha (1992) in cowpea
On the countrary Deshmukh and Manjare (1980) and Zaveri et al
(1983) and Amlkumar (1993) reported non-additive gene effects for
this character in cowpea The c¢ross combmation which have
earliest flowering involved parents which were early x early general

combiners suggesting the predominance of additive gene action for

this character

In the case of the character days to maturity variance due
to line x tester alone was found 51gnl\flcant Coniribution of line X
tester 1interaction to total sum of square due to hybrids was higher

than the lines and testers Estimate of -~2 g c a was negative and



smaller than +-2 s ca The ratio «—2 A/ 2 D was also less
than one These revealed the predominant role of non-additive gene
action (dominance or epistasis) in the ainheritance of this trait
Similar results were obtamned by Zaveri et al (1983) and Amlkumar
(1993) 1in cowpea Swgh et al (1987) in blackgram and Katiyar et al
(1989) 1in pea However 1in cowpea (Chauhan and Joshi 1981)
greengram (Wilson et al 1985) chickpea (Katiyar et al. 1988) and
pea (Sharma and MNishisharma 1988) observed a preponderance of

additive gene action for the expression of this character

As regards to plant height variance due to lines and line
X tester interaction were significant but variance due to s c a was
higher 1n magnitude than that due to g c a These facts indicated
the predominant role of non-additive gene action even though both
additive and non-additive gene effects were involved The low ratio
of «—2 A/ &2 D also denoted the same The smaller contribution of
line x tester interaction to total variamce suggested the importance
of additive gene action in governing this trait Plant height was
observed to be wunder the influence of both additive and non
adiditive gene effects by Singh et al (1987) in pea Mehtre et al
{1988) in pageonpea Pandey and Tiwari (1989) 1in chickpea «nd Singh
and Singh (21990) in pea Importance of non-additive gene actign
over additive gene action was reported in pigeonpea (Patel et al

1987) i chickpea (Salimath and Bahl 1988) and in cowpea



1.4

{Thiyagarajan et al 1980) Contrary to this Yadavendra and
Sudhirkumar (1987) in chickpea Sharma and Nishisharma (1988) 1in
pea and Loiselle et al (1990) in soybean observed preponderance of

additave genetic variance for the expression of this character

Variance due to line x tester alone was found significant for
number of branches per plant The higher magnitude of variance due
to s ca over variance due to g c a and the lower e— 2 A/s—2 D
ratio indicating the predomiance of non additive gene action for this
character Similar results were obtained in chickpea (Yadavendra
and Sudhirkumar 1987 and Salimath and Bahl 1989) in cowpea
(Thiyagarayan et al 1880) and in blackgram (Rajarathinam and
Rathnasamy 1990) On the other hand additive genetic variance was
found to be predominant in pea (Sharma and Nishi $harma 1988) 1n
chickpea (Katiyar et al 1988) 1in greengram (Saxena and 8harma

1989) and in soybean (Tawar et al, 1988)

For the character number of of pods per plant mean square
due to lines and line x tester were found significant s ¢ a variance
was higher 1n magnitude than g ca variance and the ratio of
e~ 2 A to -2 D was low All these revealed that the nature of
gene action was predominantly non additive though both additive and
non additive gene effects vere involved in the inheritance of this

trait Similar results were reported by Zaveri et al (1983) ain



cowpea Yadavendra and Sudhirkumar (1987) in chackpea Saxena and
Sharma (1989) 1n greengram Thiyagarajan gt al (1990) and Anilkumar
(1993) 1n covpea and Rajarathinam and Rathnasamy (1990) 1in
blackgram whereas Chauhan and Joshi (1981) 1n cowpea Patel et
al (1987) i1n pigeonpea Sharma et al (1988) Katayar et al (1988)
and Salimath and Bahl (1989) in chickpea and Sharma and Rao (1990)
in urdbean observed predominance of additive gene effects 1in

governming number of pods per plant

In the case of the character length of pod both wvariance
due to lines and testers were significant Mean square due fo g c a
had a higher estimate over that due to s c a But ratio of «*A to
—2 D was less than one These indicated that the character might
be influenced by additive and non additive gene effects This 1s 1n
conf@rmity with the observations of Chauhan and Joshi (1981) ain
cowpea Patel et al (1987) 1in pigeonpea and Thiyagarajan et al
(1990) in cowpea However Rao et al (1984) and Muker et al (1988)

reported non-additive gene action for this character in mungbean

Line x tester interaction alone was significant for number of
seeds per pod S c a variance was higher than g c a wvariance
Ratio of &2 A to e 2 D was less than one All these suggested the
importance of non additive genetic variance for controlling this

chatcter The same vas reported by Mehtre et al (1988) in



pigeonpea Tiwari (1989) and Salimath and Bahl (1989) in chickpea
and Thiyagarajan et al (1990) in cowpea  On the contrary Wilson et
al (1985) 1in greengram Saxena and Sharma (1989) in greengram
Onkar Singh and Paroda (1989) in chtukpea and Rejatha (1992) and
Anmilkumar (1993) in cowpea observed the important role of non-

additive gene action 1n govermng this trait

Variance due to lines and line x tester were significant for
100-seed weight Mean square due to s c a was greater in magnitude
than mean square due to g ca The ratio of «2 A to 2 D was
low All these pointed out that both additive and non additive
genetic variances were involved in the expression of this trait with
the later predominant This was also revealed by Katiyar et al
(1988) and Salimath and Bahl (19839) in pea and Thiyagarajan et al
(1990) 1n cowpea Contradictory to this Chauhan and Joshi (1981) 1in
cowpea Patel et al (1987) in pigeonpea Singh and Singh (1990) an
pea Sharma and Rao (1990) 1in mungbean and Amlkumar (1993) in
cowpea reporied that 100 seed weight was observed to be influenced

by the action of additive gene effects

For the character seed yield per plant mean square due to
line x tester interaction alone was significant S ¢ a variance was
many ftimes greater than g c a variance The «—2 A to e 2 D ratio
also showed a high value of dominance component over additive
component of variance Similar results were obtained by Zaveri et

al (1983) in cowpea Yadavendra and Sudhirkumar (1987) and Katiyar
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et al (1988) in chickpea Katiyar et al (1887) in pea and
Thiyagarajan et al (1990) and Amlkumar (1993) in cowpea whereas
Chauhan and Joshi (1981) in cowpea Singh et al (1987) in pea
Loiselle et al (1990) in soybean and Sharma and Rao (1990) in
urdbean reported a predominant effect of additive gene action for

seed yield per plant

The variance due to Iline x tester interaction alone was
significant for the character chlorophyll b content s~2 gca
estimate was negative and the ratio between =——2 A and «—32 D was
low These 1indicated the predominant role of non-additive gene
action in the inheritance of this trait This 15 in confirmity with
the reports of Patel and Kukadia (1986) in pearl mallet However
Chadha et al (1988) observed in brinjal that both additive and non-

additive gene effects were important for chlorophyll b content

The percentage of pod borer incidence was characterised by
high s ¢ a variance over g c a variance Mean square due to lines
alone was significant for thas attribute The ratio of =~2 A to s 2
b was low All these suggested that though additive and non-
additave genetic variances were 1nvolved the later was more
impcrtant in the inheritance of resistance to pod borer incidence
The same result was reported in groundnut against Heliothis zea by

Holley et al (1985) In contradiction to this a predominant role of



add:itive gene action was found in sorghum against shoot fly (Biradar
et al. 1984) aphid (Hsich and P: 1985) and stem borer (Singh and

Verma 1988)

In general 1t was seen that additive gene action was
predominated for the inheritance of days to flowering and pod
length while a preponderated effect of non additive gene action was
observed for the inheritance of days to maturity plant height
number of branches per plant number of pods per plant number of
seeds per pod 100-seed weight seed yield per plant chlorophyll

b content and pod borer resistance



Summary

The ainvestigation on combining ability 1n gram cowpea was
carried out in the Department of Plant Breeding College of
Agriculture Vellayam: during the year 1991 92 Based on the yield
and previous performance eight varieties were chosen as parents
Hybridisation was done in the line x tester pattern using two high
yielding and short duration varieties as lines and six varieties with
high productivity as testers The eight parents and their twelve Fls
were put 1n a comparative evaluation trial 1n Randomised Block
Design with three replications under partial shaded conditions in
coconut garden at the Instructional farm Vellayani Observations were
recorded on days to flowering days to maturity plant height
number of branches per plant number of pods per plant length of
pod number of seeds per pod 100 seed vwveight seed yield per
plant chlorophyll a chlorophyll b and total chlorophyll
contents and reaction to major pests and diseases Periodical shade
intensity was measured at 30 DAP and 45DAP @ three times per day
Combining ability and gene action were estimated The salient

inferences from the results are presented below

The analysis of variance revealed significant differences for
most of the characters Hovever the twenty treatments did not

differ significantly among themsleves for chlorophyll a and total



chlorophyll contents The characters having significant differences

were then subjected to combining abality analysis

Combining ability analysis revealed that mean square due to
lines and line x tester interaction were sigmficant for plant height
number of pods per plant and 100 seed weight which showed the
importance of both g ca and s ca for these traits However the
s ¢ a variance was predominant for all these characters suggesting
the importance of specific combiming ability Mean square due to
lines alone was significant for days to flowering and pod borer
incidence and that due to lines and testers were significant for
length of pod Variance due to g c a was larger than s ¢ a for days
to flowering and length of pod and hence these may be under the
influence of general combining abilaty Since s c a variance was
higher than g ¢ a variance for pod borer incidence s ¢ a might be
more 1important for resistance to pod borer incidence Variance due
to line x tester interaction alone was found to be sigmficant for
days to maturity number of branches per plant number of seeds
per pod seed yield per plant and chlorophyll b content Variance
due to g ca was smaller than that due to s ca for all these
characters 1ndicating the importance of specific combining ability

for these traits
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Based on g ¢ a effects alone 1t was difficult to choose good
general combiners for all the characters together Similarly no cross
combination was observed to be good for all the characters The
line Culture 9 was the best general combiner for days to flowering
days to maturity length of pod 100 seed weight and chlorophyll
b content On the other hand Chharodi 1 was best for plant
height number of branches per plant number of pods per plant
number of seeds per pod seed yweld per plant and pod borer
resistance Among the testers V 26 wvas the best general combiner
for days to maturity number of pods per plant and seed yweld per
plant GC 82 7 for 100 seed weight and chlorophyll b content V 240
for days to flowering and number of branches per plant and
Kanakamani for length of pod and 100 seed weight The cross
combination Chharodi 1 x V 26 was the best specific combination for
days to maturity number of branches per plant and number of pods
per plant Culture § x Kanakamani for length of pod and number of
seeds per pod Chharodi-1 x Kanakamani for 100 seed weight and
Chlorophyll b content Culture 9 x S-488 for plant height and
resistance to pod borer incidence and Culture 9 x V 322 for seed
yvield per plant Most of the superior specific combinations for a
character 1nvolved parents with pgood and poor general combining

ability for the character

The higher magmtude of s ¢ a variance and the ratio of —2A

to e~ 2D bemng less than umty for days to maturity plant height
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number of branches per plant number of pods per plant number of
seeds per pod 100-seed weight, seed yield per plant chlorophyll
b content and pod borer incidence suggested the predominance of
non additive gene action in controlling their inheritance Magmtude of
variance due to g c a was found to be higher than that due to s c a
for days to flowering and length of pod Hence these two characters

might be governed by additive genes

The study 1n general indicated that ain view of the
preponderance of non-additive gene action for seed yield and some
important yield components commercial exploitation of hybrid wvigour
is the most appropriate method of utilizing such gene action The
varieties Chharodi 1 Culture-9 V26 and GC 82 7 and cross
combinations Chharodi-1 x V 28 Culture-9 x Kanakameama and
Chharodi-1 x Kanakamani can be given due consideration while
formulating future breeding programmes It s suggested that the
mtermating of randomly selected progemes 1in early segregating
generations obtained by crossing the parents will release the hidden
genetic variability through breakage of undesirable linkages involved
in  different characters and may produce an elite population for
selection of high yielding lines in advanced generations Reciprocal

recurrent selections may also exploit both types of gene actions
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Appendix 1 Mean Shade Intensity

30 DAS 45 DAS

Treatments 1 2 3 1 2 3

Chharodi 1 41 59 16 05 34 10 22 03 10 92 38 55
Culture 9 a7 56 14 28 35 20 25 585 13 77 37 86
Kanakamani 3775 12 50 37 19 26 50 13 34 41 28
vV 240 34 43 14 04 33 36 23 37 13 26 41 90
v 322 29 64 14 46 30 35 23 49 12 70 349 66
GC B2 7 43 95 12 81 33 20 26 38 11 59 37 00
vV 28 37 56 12 92 34 54 24 48 11 51 37 26
5-488 37 90 14 35 34 25 24 39 11 91 33 50
Chharodl 1 x Kanakamanl ags o1 16 28 32 46 21 94 13 09 36 49
Chharodi 1 x v 240 41 45 15 83 32 43 26 05 12 78 34 15
Chharodi 1 x V 322 37 75 12 22 38 a8 24 20 9 76 37 35
Chharcedi 1 x GC 82 7 39 33 14 09 32 02 28 49 11 12 42 73
Chharodi 1 x V 26 34 10 12 46 31 43 26 49 10 17 37 26
Chharodl 1 x 5-488 41 45 13 51 32 27 25 67 14 09 31 96
Culture 9 x Kanakamani 37 97 11 54 33 44 28 46 10 68 37 17
Culture 9 x V 240 37 56 15 36 37 28 24 12 11 18 38 54
Culture 9 x V 322 37 89 14 04 33 92 24 35 10 33 37 35
Cul ure 9 x GC 82 7 36 74 14 85 34 19 22 71 12 51 36 23
Culture 9 x V 2§ 36 18 12 29 32 68 23 49 12 00 36 80

Culture 9 x 5-488 40 35 12 61 36 62 26 03 13 18 38 63
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Abstract
Two lines six testers and twelve hybrids of cowpea were
evaluated in the partially shaded conditions of coconut garden of
Vellayamy for combiming abiality and gene action The lines and
testers were selected based on their previous performance and

crossed 1n line x tester manner to get twelve hybrids

Observations were made on sixteen characters of which
twelve characters showed sigmficant differences among the twenty
treatments Combiming ability analysis wvas carried out as suggested
by Kempthorn (1957) suggested the importance of specific combining
ability for all the characters except for length of pod and days to
flowering It was seen that the varieties Chharodi 1 Culture 8§ V-286
and GC 82 7 were the best general combiners and the crass
combinations Chharodi 1 x V-26 Chharodi-1 x Kanakamani and
Culture 9 x V-322 were the best specific combinations for yield and

yield attributes under partially shaded upland conditions

The yield and important yield attributes were under the
control of non-additive gene actions except days to flowering and

length of pod

The varieties Culture § GC 82-7 Chharodi 1 and V-26 and

the cross combinations Chharodi 1 x V-26 Chharod:i 1 x Kanakaman

and Culture 9 x Kanakamani can be further exploited through

J

selection



