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Pulses 

agriculture by 

capacity for 

INTRODUCTION 

occupy a unique position in 

virtue of their high protein content 

directly using the inexhau~tible 

the world 

and their 

stock of 

atmospheric nitrogen. 

is much more than 

They contain 22-24 per cent protein which 

that available in cereals. The present 

production of pulses grown in an area of 22 million hectares 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). A balanced diet should contain three 

ounces of pulses per day per adult to meet the protein 

requirement (Aykroyd and Doughty, 1964). 

subfamily 

India. 

Cowpea (Vigna unguiculata (L.) ~alpJ belonging to 

Papilionaceae is an important pulse crop. of 

Virus diseases which cause fifty peYCent loss in 

the 

South 

yield 

have been posing formidable obstacle to step up the production of 

this crop. It is known to be affected by nineteen types of 

viruses under natural conditions. Of these viruses cowpea aphid 

borne mosaic virus (CAMV) is responsible for causing 105s in 

yield to a great extent. Yield lose of 13-87 per cent has been 

reported from Iran (Kaiser and Mossahebi, 1975). Development of 

high yielding disease resistant varieties can go a loni way 1~ 

overcoming this problem. 



2 

In an earlier study conducted in the ~epartment of 

Plant Breeding, 

Thiruvananthapuram 

resistant to CAMV. 

College of Agriculture, Vellayani, 

two varieties have been identified as 

Using these varieties along with five other 

high yielding varieties the present investigation was under taken 

to assess combining ability of parents and gene action involved 

in the inheritance of different yield attributes and CAMV 

resistance and to isolate high yielding genotypes with CAMV 

resistance. 





REVIEW OF LITERATURE 

Information on combining ability and gene action for 

yield attributes in relation to aphid borne mosaic virus 

resistance is essential to chalk out efficient breeding 

programmes in cowpea. A review of literature on these aspects 

are presented below. 

Days to flowering 

Combining ability analysis for days to flowering from 

the F1 and F2 diallel generations involving seven derivatives of 

soybean revealed that s.c.a. variance was found to be significant 

in F2 generation. The estimated g.c.a. variance were higher than 

those of s.c.a. variances in Fl and F2 generations (Srivatsava et 

.ru..', 1 9 7 7 ) . 

Durong (1980) studied yield and 

using 8 x 8 diallel cross of soybean 

involvement of additive gene effects. 

related characters 

and reported the 

Deshmukh and Hanjarae (1980) while analysing 

involving 

the 

eight combining ability in mungbean in a diallel cross 

varieties found highly significant variance due to g.c.a. and 

s.c.a. for days to flower. Nonadditive gene action was found 

important for this character. 
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Combining ability analysis using a complete set of six 

parents diallel cross of gardenpea for yield components showed 

predominance of additive genetic variance for number of days to 

flower. (Dhillon and Chahal, 1981). 

In a study of combining ability analysis of ten diverse 

cultivars of pigeonpea Venkateswarlu and Singh (1981a) reported 

predominance of additive gene action for days to first flower 

opening. 

Combining ability studies through 10 x 10 diallel in 

pea showed significant general and specific combining ability 

variances for duration upto flowering. In general, additive 

genetic variance was found higher than dominance variance for 

this character (Dubey and Lal, 1983). 

Salimath and Bahl (1985) from a line x tester analysis 

in chickpea reported the importance of g.c.a. and s.c.a. 

variances for days to flower. The variance due to g.C.B. was 

higher than that due to s.c.a. Based on the g.c.a. effects BG-

203, PST-7, and P-10 among lines and NEC-249 among testers were 

identified as good general combiners for earliness. They also 

showed importance of additive and nonadditive variances for days 

to flower with a predominance of additive gene action. 

Significant g.c.a. and s.c.a. variance was recorded by 

Wilson et al. (1985) for days to flowering in the analysis of the 



diallel crosses involving five varieties of greengram and 

?uggested the existence of both additive and nonadditive gene 

action. The variance due to g.c.a. was much higher than that 

due to s.c.a. and hence predominance of additive gene action was 

reported. 

Patil and Bhapkar (1986) studied yield and related 

characters using parents and F1 of the half diallel cross of 

cowpea and reported involvement of additive gene effect alone for 

days to flowering. 

Combining ability for yield and its components was 

studied in the F2 from a 5 x 5 diallel cross of Lablabbean by 

Singh et~. (1986). The result showed the significance of both 

g.c.a. and s.c.a. variance and importance of g.c.a. variance for 

days to flowering. The importance of both additive and 

nonadditive gene action with predominance of additive gene 

effect was suggested for the inheritance of the trait, days to 

flower. 

Eight chickpea varieties and their twenty eight F 1 's 

were studied for combining ability analysis and found that for 

flowering and maturity good combining parents were chofa JG-62 

and BG-121. It was also observed that additive type of gene 

action was important for days to flowering (Yadavendra and 

Sudhirkumar, 1987). 

Katiyar et al. (1987) in a study with parents, F 1s and 

F2 s of a fourteen line x three tester cross of pea indicated the 



predominance of nonadditive gene action for days to flowering. 

The variety Batribrown was selected as a good general combiner 

for early flowering. 

A line x tester analysis of chickpea varieties showed 

significant difference in days to flowering. The g.c.a. 

estimate was reported to be not significant for the trait. This 

indicated that the trait was under the control of nonadditive 

gene action, BG-390 and L-550 were suggested as good general 

combiners for early flowering (Handal and Bahl, 1987). 

Katiyar et 

genotypes and their 

al. (1988) in a study with six chickpea 

F1 hybrids for combining ability showed 

significant differences for g.c.a. as well as s.c.a. variances 

for day to flowering and reported the action of additive and 

nonadditive gene effects with the predominance of additive gene 

action. 

From a combining ability analysis involving nine 

diverse parents and their 36F1 crosses Hehetre et al. (1988) 

reported the predominance of additive gene effects for days to 

flowering. 

Moitra ~~. (1988) analysed five pea lines for their 

combining ability and observed that Batri yellow showed negative 

g.c.a. for days to flowering. R701 x Batri yellow, Kinnauri x T 

163 and Tl0 x T163 showed negative and significant s.c.a. for 

days to flowering. 



F1 plants derived from a diallel cross among five geno 

types of pigeonpea were evaluated for days to flowering (Cheralu 

~ 21., 1989) and observed that both parents in the cross rcp 

8863 x LRG 30 possessed high g.c.a. for day to flowering. 

Half dial leI of seven short duration pigeonpea lines 

was evaluated 

(1989). The 

variance. 

in the Fl and F2 generation by Saxena 

results indicated the predominance of 

et al. 

g.c.a. 
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Combining ability studies were made over environments 

for yield and nine yield attributing characters utilizing 12-

parent diallel F1 progenies in pea by Singh and Singh (1990) and 

reported that both additive and nonadditive genetic variances 

were important for this character. 

Combining ability analysis of six cultivars of cowpea 

indicated significant g.c.a. and s.c.a. variances and importance 

of additive gene action (Rejatha, 1992). 

A line x tester analysis of cowpea varieties showed the 

presence of additive and nonadditive gene action with 

predominance of nonadditive gene action for duration upto first 

flowering Anilkumar (1993) where as Jayarani (1993) reported the 

predominance of additive gene action for this character. 

Days upto maturity 

Combining ability analysis in the Fl and F2 diallel 

generations involving seven diverse derivatives of soybean for 



days to maturity revealed that both g.c.a. and s.c.a. varlance 

were significant. The estimates of g.c.a. variance was reported 

to be higher than that of s.c.a. variance in F2 generation and 

lower in F1 generation. (Srivatsava et Al., 1977). 

Deshmukh and Hanjare (1980) studied the combining 

ability analysis of diallel cross involving eight mungbean 

varieties and found that the variance due to g.c.a. and s.c.a. 

were highly significant for days to maturity. It was also 

reported that nonadditive gene action was important for this 

character. 

Durong (1980) studied combining ability using a 8 x 8 

diallel cross of soybean and reported additive gene action. 

Combining ability analysis in six parental diallel 

cross in Urdbean by Sandhu et al. (198~) revealed that both 

additive and nonadditive effects were important for days to 

maturity and that nonadditive gene effects were preponderant for 

all the characters studied except days to maturity. 

In a diallel cross studied by Chauhan and Joshi (1981) 

with eight varieties along with parents reported that both 

general 

for days 

and specific combining ability variances were important 

to maturity but magnitude of g.c.a. variance was 

reported to be comparatively much 

suggested that additive gene action 

inheritance of days to maturity. 

higher. They have 

was predominent in 

also 

the 

8 



Salimath and Bahl (1985) conducted a line x tester 

analysis in chickpea with five males and nine females arid 

reported that s.c.a. variance was important for days to maturity. 

They have also reported that nonadditive variance was pronounced 

for this character. 

A significant g.c.a. and s.c.a variance was reported by 

Wilson et al. (1985) for days to maturity in an analysis of the 

diallel cross among five varieties of green gram. They have 

found that the variance due to g.c.a. was much higher than that 

due to s.c.a. and reported the existance of both additive and 

nonadditive gene action for days to maturity with predominance 

of additive gene action. 

Singh et al. (1987b) reported highly significant R.c.a. 

ands.c.a. variances in Fl and F2 generations for days to 

maturity in pea. The variance due to s.c.a. were greater than 

that due to g.c.a., indicating predominance of nonadditive gene 

action for the character. 

Combining ability analysis of thirty nine hybrids 

between three lines and thirteen testers in pigeonpea revealed 

significant role of additive and nonadditive gene action with 

preponderance of nonadditive gene action for days to maturity. 

(Patel et~. 1987). 

9 
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Yadavendra and Sudhirkumar (1981) while analysing the 

combining ability for days to maturit.y with eight. chick pea li.llos 

and their twenty eight Fl ' s showed the importance of additive 

gene action for the charact.er. 

Singh et al. (1987a) studied ten diverse vigna mungo 

cultivars for combining ability and reported highly significant 

g.c.a. and s.c.a. variance in Fl and F2 generations. The 

estimates of variance due to s.c.a. were greater than that due to 

g.c.a. for days to maturity indicating the predominance of 

nonadditive gene action. 

From a combining ability analysis involving nine 

diverse parents and their thirty six Fl crosses in pigeonpea, 

Mehetre ~ Ql. (1988) reported that both additive and nonadditive 

gene effects were important for days to maturity and that 

additive gene effects was predominant for this character. 

Combining ability analysis by Anilkumar (1993) showed 

the presence of both g.c.a. and s.c.a. variances with 

preponderance of nonadditive gene action for the character 

duration upto maturity in cowpea. The same was reported by 

Jayarani (1993). 

Combining ability studies were carried out by Tiwari et 

al. (1993) through a 5 x 5 diallel cross and found that 

nonadditive gene efects were predominant for days to maturity. 
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Plant height 

Diallel analysis for yield components in bengal gram 

showed that additive genetic variance was higher than dominance 

variance for this character (Pande et al., 1979). 

Deshmukh and Hanjare (1980) while analysing the 

combining ability in mung bean in a dial leI analysis involving 

eight varieties found significant variances due to g.c.a. and 

s.c.a., reported additive gene action. 

Venkateswarlu and Singh (1982a) while analysing the 

combining ability in peas in a dial leI cross involving ten 

cultivars found importance of both g.c.a. and s.c.a. effects with 

predominance of additive gene effects. 

Significant variance due to g.c.a. and s.c.a. were 

suggested by Wilson et al. (1985) in an analysis of diallel cross 

with five green gram cultivars. The g.c.a. variance was found to 

be higher than s.c.a. variance for plant height. 

Twelve parent dial leI analysis in peanuts was conducted 

by Habib et al. (1985) to study combining ability in respect of 6 

quantitative traits. Both additive and nonadditive gene effects 

found to be important for this character. 

From a combining ability analysis involving nine 

diverse parents and their 36 Fl crosses in pigeonpea it was 



12 

revealed that both additive as well as nonadditive gene effects 

were important for this character and that additive gene effects 

was predominant. (Hehetre ~ QI., 1988). 

Sharma and Nishisharma (1988) combining ability 

analysis of ten soybean lines and their F1 hybrids for plant 

height revealed that additive genetic variance was higher than 

dominance variance for this character. 

In a study with six genotypes of chickpea and their 

hybrids Katiyar et al. (1988) reported significant g.c.a. and 

s.c.a. for plant height with predominance of additive gene 

action. Combining ability studies in crosses involving tall and 

dwarf types in chickpea in a line x tester design showed 

predominance of nonadditive gene action for plant height 

(Salimath and Bahl, 1989). 

A 7 x 7 dial leI cross in greengram by Natarajan et al. 

(1990) revealed that both additive and non additive gene action 

was important with a predominance of additive genetic variance 

for this character. 

Combining ability analysis using six parent diallel 

cross in cowpea conducted by Thiyagarajan et al. (1990) revealed 

that both additive and nonadditive gene effects were important 

for this character. They also reported the preponderance of 

nonadditive gene effects for the character. 
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The same was reported by Jayarani (1993) in a line x 

tester analysis in cowpea. Combining ability studies were \arried 

out by Tiwari (1993) through 5 x 5 diallel cross in mung be\n and 

found that nonadditive gene effects were predominant for this 

trait. 

Number of branches per plant 

Malhotra (1983) in a 8 x 8 diallel analysis of urdbean 

showed the importance of both g.c.a. and s.c.a. variance and 

predominant role of additive gene effects for number of 

branches/plant. 

Combining ability studies with 10 x 10 dial leI cross in 

pea revealed the significance of general and specific combining 

ability and higher magnitude of additive genetic variance than 

dominance variance for this character. (Dubey and Lal, 1988). 

In a 12 x 12 dial leI analysis in peanuts was conducted 

by Habib et al. (1985) to study combining ability in respect of 

six quantitative traits and reported that only additive gene 

effects were important for number of branches/plant. 

Singh et al. (1987a) studied ten diverse Vigna mungo 

cultivars for combining ability and reported highly significant 

g.c.a. and s.c.a. variance in F1 and F2 generations. The 



estimates of variance due to s.c.a. were greater than that due to 

g.c.a. for this character indicating the predominance of 

nonadditive gene action. 

Eight chickpea lines and their 28 F 1s were studied for 

combining ability hy y(1rl~vendr<1 and Sudhirkum~r (1~87) fOllnd 

that nonadditive gene action was predominant for this cllaracter. 

From a combining ability analysis involving nine 

diverse parents and their 36F 1 crosses in Pigeonpea it was 

revealed that both adcijtive as well as nonadditive gene effects 

were important. However the additive gene effects were 

predominant (Mehetre, 188A). 

In a study with six genotypes of chickpea Clnd their 

hybrids Katiyar et BJ. (JgSB) reported thC:lt g.c.a. variance W(1S 

predominant for this chC1racter indicating the import.ance of 

additive gene effect~. 

Saxena and Sharma (1989) estimated combining ability in 

mungbean and reported t.hrlt both g. r.. a. and s. r.. a. mr.;msqt].'l}'(~;; 

were significant for yield per plant in Fl and F? In generrll 

mean square due to g.C.C1. was reported to be of greatpr 

CombininE aLi Ii t;: studir>s wer", m:)c!e over envi !'('fl!lWtJl.S 

for yield and nine yieJrl r'(_'ntdbuting chJ.!'?lcters l1tiU::ing 1~ 
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parent diallel Fl progenies in pea. Both additive and non 

additive genetic variances were important for the number of 

branches/plant (Singh and Singh, 1990). 

In a scaling test with five generation means of five 

crosses of chickpea, Shinde and Deshmukh (1990) showed the 

involvement of epistatic geneaction in the expression of fruiting 

branches/plant. 

In a line x tester analysis in cowpea Jayarani (1993) 

revealed the presence of nonadditive gene action for number of 

branches/plant. 

Combining ability studies were carried out by Tiwari 

(1993) through a 5 x 5 diallel cross in mungbean and found that 

additive gene effects were predominant for number of 

branches/plant. 

Length of pod 

A half dial leI cross of eight cowpea varieties studied 

by Chauhan and Joshi (1981) revealed that both general and 

specific combining ability variances were significant for this 

character, but magnitude of g.c.a. variance WAS reported to be 

comparatively much higher suggesting the additive gene action. 

In urdbean an 8 x 8 dial lei cross was studied by 

Malhotra (1983) and reported that both additive and nonadditive 
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gene effects were significant for this character with the 

preponderance of additive gene effects. 

Combining ability studies in a 10 x 10 diallel cross in 

pea showed that general and specific combining ability variances 

were significant for this character and additive genetic variance 

was found higher than dominance variance for this trait. (Dubey 

and Lal, 1983). 

Combining ability analysis in a diallel cross of seven 

french bean cultivars conducted by Singh et al. (1986) revealed 

significant g.c.a. and s.c.a. effects for length of pod and 

reported the predominance of g.c.a. effect for this character. 

Singh et al. (1987) on analysing the general and 

specific combining ability of yield and its components from Fl 

andF2 generation of a dial leI cross involving ten parents of 

pea, showed significant additive and nonadditive gene effects 

for this trait. 

Patel et al. (1987) evaluated 39 hybrids between three 

lines and 13 testers of pigeonpea and revealed that, only 

additive gene action was found operative for pod length. 

In a line x tester analysis in cowpea Jayarani (1993) 

revealed the presence of additive gene action for the inheri~ance 

of this character. 
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Number of pods per plant 

Diallel analysis for yield components in bengal gram 

showed highly significant variance due to s.c.a. for number of 

pods 

that 

per plant. Estimates of variance due to 

genes 

influencing 

important. 

having additive 

this character 

and 

and 

(Pande et al., 1919). 

nonadditive 

nonadditive 

g.c.a. indicate 

effects were 

effect was more 

Deshmukh and Hanjare (1980) while analysing the 

combining ability in mung bean in a diallel analysis involving 

eight varieties found highly significant variances due to g.c.a. 

and s.c.a. for number of pods per plant and reported nonadditive 

gene action. 

General and specific combining ability variances were 

found important for number of pods per plant in cowpea when a 

half dial leI cross of eight cowpea varieties were studied along 

with their parents by Chauhan and Joshi (1981). The g.c.a. 

variance was found to be comparatively much higher for this 

character sugges ting th0 pn~p()nde ranee of add i 1,1 ve W~Jl(~ (1C t 1 on j II 

inheritance. 

Combining ability analysis using a complete set of six 

parent diallel crosses of gnrdon pea for yield components "howed 

predominance of nonadditive genetic 

Chahal, 1981). 

variance (Dhillon and 
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Venkateswarlu and Singh (1981b) while analysing the 

combining ability in peas in a diallel cross involving ten 

cultivars found importance of both g.c.a. and s.c.a. effects with 

predominance of additive gene effect. 

ability analysis of ten cultivars of Combining 

pigeonpea indicated the importance of both g.c.a. and s.c.a. 

variance for number of pods per plant. The g.c.a. variance were 

more than s.c.a. variance indicating the importance of both 

additive and nonadditive gene effects and predominance of 

additive gene effectives additive and nonadditive 

(Venkateswarlu and Singh, 1982a). 

Venkateswarlu and Singh (1982c) while studying the 

combining ability analysis of ten cultivars of pea crossed in all 

possible combinations iIldicated the importance of both g.c.a. 

and s.c.a. variance for pods per plant. However the variance 

due to g.c.a. were predominant in both F1 and F2 generations. 

Combining ability studies through 10 x 10 dial leI in 

pea showed that general and specific combining ability variances 

were significant and additive genetic variance found higher than 

dominance variance for the number of pods per plant. (Dubey and 

Lal; 1983). 

Yield and yield related characters were investigaterl in 

six cowpea genotypes and their fifteen possible non reciprocal 

single crosses by Zaver i et.9..l. (1983) and reported s i gnlf lcance 



of both g.c.a. nnd s.c.a. varinnce nnd predominance of 

nonadditive genetic variance. 

A significant variance due to g.c.a. and s.c.a. was 

suggested by Wilson et al. (1985) in an analysis of diallel cross 

with five greengram cultivars. The g.c.a. variance was found to 

be higher than s.c.a. variance for number of pods per plant 

indicating the existence of both additive and nonadditive gene 

action with predominance of additive gene action. 

Combining ability analysis in mung bean using eight 

parent half diallel cross showed significant g.c.a. and s.c.a. 

variance for number of pods per plant (Choudhary, 1986). 

Yadavendra and Sudhirkumar, (1987) studied eight 

chickpea lines and their F1s for combining ability and revealed 

that for the character number of pods per plant nonadditive type 

of gene action was predominant. 

The combining ability analysis of thirty nine hybrids 

between three lines and thirteen testers in pigeonpea revealed a 

significant role of additive and nonadditive gene action with 

the predominance of additive gene action for number of pods per 
• 

plant. (Patel et al. 1987). 

Singh ~ £1. (19[l7c) iII the study of combining ability 

with forty five F3 progenies generated from 10 x 10 diallel cross 

13 
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in pea revealed that both additive and nonadditive gene effects 

were significant for the expression of number of pods per plant. 

Combining ability analysis with ten soybean lines and 

their F1 hybrids for number of pods per plant revealed that both 

additive and nonadditive genetic variances were import~nt for 

this character (Sharma and Nishisharma, 1988). 

Katiyar et al. (1988) studied the combining ability 

analysis of six chickpea genotypes and their Fl hybrids for 

number of pods per plant and showed significant differences for 

g.c.a. and s.c.a. variances suggesting additive gene action for 

the expression of this character. 

Saxena and Sharma (1989) estimated combining ability in 

a diallel cross of mungbean and found that g.c.a. mean squares 

was significant for number of pods per plant in Ft. 

generation both g.c.a. and s.c.a. mean squares were significant. 

In general mean square due to g.c.a. was larger in magnitude 

suggesting the preponderance of additive gene action for the 

character. 

A comparative analysis of combining ability in 

irradiated and non-irradiated diallel populations of chickpea 

suggested importance of additive and nonadditive gene action for 

number of pods per plant. (Onkar Singh and Parada, 1989). 



In a six parent dial leI cross in cowpea the combining 

ability was studied by Thiyagarajan et al. (1990) and reported 

that both the additive and non-additive gene effects were 

important for the number of pods per plant. Components of 

variance analysis revealed that nonadditive effects were 

predominant. 

The combining ability studies by Natarajan et al (1990) 

in a 1 x 1 diallel in greengram revealed that both additive and 

nonadditive gene actions were important. 

The combining ability studies for seed yield and its 

components over environments in black gram indicated significant 

mean sum of squares due to s.c.a. 

(Kaliya et al., 1991). 

for number of pods per plants 

eight 

(1992) 

Yield and yield related characters were investigated in 

mungbean genotypes and their 28F1 s by Saxena and Sharma 

and reported the importance of additive as well as 

nonadditive variances and predominance of additive variance. 

Twelve hybrids from three male and four female parents 

of cowpea were evaluated for combining ability in two seasons for 

yield and yield components by Thiyagarajan (1992) and reported 

predominance of additive variance. 

A line x tester analysis of cowpea varieties showed the 

presence of additive and nonadditive gene action with 
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predominance of nonadditive gene action for number of pods per 

plant (Anil Kumar, 

(1993) . 

1993) the same was reported by Jayarani 

Kapila ~ al. (1994) while studying the combining 

ability analysis involving ten lines and two testers over two 

locations for nine traits in soybean revealed that both additive 

and nonadditive genetic variance were important for this 

character. 

A line x tester analysis was carried out involving 

eleven lines and two testers in groundnut for assessing the 

combining ability in respect of number of pods/plant. The 

estimate of g.c.a. / s.c.a. variance showed the predominance of 

nonadditive gene action for number of pods (Vindlliyavarman and 

Raveendran; 1994). 

Number of seeds per pod 

Diallel analysis for yield and yield components in 

bengal gram showed highly significant variance due to g.c.a. and 

s.c.a. for number of seeds per pod. Estimates of variance due to 

s.c.a. were much higher than that due to g.c.a. It was reported 

that additive and nonadditive gene effects were influencing the 

characters and the nonadditive effects were more important (Pande 

et al., 1919). 
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Deshmukh and Manjare (1980) while analysing the 

combining ability in mungbean in a diallel cross involving eight 

varieties found highly significant variance due to g.c.a. and 

s.c.a. for number of ~~~rl~ pnr porl. NOJl(lddtttv~ p;r!lI~ (let-inn WilS 

found important for this character. 

Durong (1980) studied combining ability using a 8 x 8 

diallel cross of soybean and reported importance of both additive 

and nonadditive gene action. 

A complete set of six parent diallel crosses in garden 

pea was evaluated by Dhillon and Chahal (1981) and reported 

predominance of nonadditive gene action for number of seeds/pod. 

Chauhan and Joshi (1981) evaluated eight 

varieties crossed in a half dial leI fashion along with their 

parents and reported that both general and specific combining 

variances were important for number of seeds per pod. The higher 

magnitude of g.c.a. variances indicated that additive gene action 

was involved in the inheritance of this character. 

The inheritance study of seed yield components in rice 

bean using a seven parent diallel cross excluding reciprocals 

were done by Das and Dana (1981) and reported the importance of 

dominant components for number of seeds per pod. They also found 

that late maturing parents were good general combiners for number 

of seeds per pod. 



Combining ability analysis ~f ten diverse cultivars of 

pigeon pea indicated the importance of bot}l additive and 

nonadditive gene effects with predominance of additive g~nR 

effects for the number of seeds per pod (Verlkateswarlu and Singh, 

1982a). 

Venkateswarlu and Singh (1982b) found from a diallel 

cross involving ten diverse cultivars of pea that additive gene 

action was important in determining the seed number. The best 

general combiners for seed number were identified to be GC 141 

and GC 322. 

Venkatewswariu and Singh (1982c) showed the importance 

of both g.c.a. and s.c.a. variance for number of seeds per pod in 

the analysis of combining ability in peas. The variance due to 

g.c.a. predominated in both Fl and F2 generations. 

The significance of g.c.a. variance for number of 

seeds per pod in a 8 x 8 dial leI analysis in black gram was 

observed by Malhotra (1983). The varieties L-35-5, G37 and T9 

were reported to be good general combiners for number of seeds 

per pod. 

character. 

Only additive gene effects were important for this 

Combining ability studies in a 10 x 10 dial leI cross in 

pea showed that general and specific combining ability variance 

were significant for number of seeds per pod and additive genetic 
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variance was found higher than dominance variance for this trait. 

(Dubey and Lal 1983). 

A significant g.c.a. and s.c.a. variance was observed 

by Wilson et al. (1985) in an analysis of diallel cross of five 

greengram varieties for number of seeds per pod. The variance 

due to g.c.a. was reported to be higher than that of s.c.a. So 

existence of both additive and nonadditive gene action for number 

of seeds per pod with a predominance of additive gene action was 

suggested. 

Eight chickpea varieties and their twenty eight F1s 

were analysed for combining Rbility and reported that nonadditive 

gene action was predominant for number of seeds per pod. 

(Yadavendra and Sudhirkumar, 1987). 

Information on combining ability was derived from data 

on six chickpea genotypes and their F1 hybrids. ANOVA for 

combining ability showed significant differences for g.c.a. and 

s.c.a. variance for number of seeds/pod indicating additive as 

well as nonadditive gene effects and predominance of additive 

gene action (Katiyar et al. 1988). 

Saxena and Sharma (1989) estimated combining abi Ii toY in 

mungbean in a diallel analysis and reported that both g.c.a. and 

s.c.a. mean square were significant in F1 and F2 for numher of 

seeds per pod. In general mean squares due to g.c.a. were larger 
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in magnitude indicating the preponderance of additive gene action 

for this trait. 

A comparative analysis of combining ability in 

irradiated and non irradiated diallel population of chickpea 

suggested that number of seeds per pod was governed mainly by 

additive genes. (Onkar Singh and Paroda, 1989). 

Half 

was evaluated 

(1989). The 

variance. 

dial leI of seven short duration pigeon pea lines 

in the Fl and F2 generation by Saxena et al. 

results indicated the predominance of g.c.a. 

A 7 x 7 dial leI cross in green gram by Natarajan e~ pl. 

(1990) revealed ttlat both ~ddltive and nonadditive gene action 

were important. 

Combining ability studies for seed yield and its 

components over environments in black gram conducted by Kaliya et 

al. (1991) revealed significant mean sum of squares due to s.c.a. 

for number of seeds per pod. 

Yield and yield characters were estimated in eight mung 

bean genotypes and their 28F l 's by Saxena and Sharma (1992) and 

reported importance of additive as well as nonadditive variance 

and predominance of additive variance. 

Twelve hybrids from three male and four female parents 

of cowpea were evaluated for combining ability in two seasons for 
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yield and yield components by Thiyagarajan (1992) and reported 

preponderance of additive variance. 

Combining ability in six cultivars of cowpea indicated 

significant g.c.a. and s.c.a. variance and importance of additive 

gene action (Rajatha, 1992). 

In a line x tester analaysis in cowpea Anilkumar (1993) 

reported the preponderance of additive gene action for number of 

seeds per pod. 

Combining ability analysis by Jayarani (1993) reported 

the presence of nonadditive gene action for this character. 

Combining ability analysis was done by Shanmugasundaram 

and Sree Rangasamy (1994) using 20F1 s and 20F2 families obtained 

from a 5 x 5 diallel mating design for yield and its components. 

Highly significant g.c.a., s.c.a. and reciprocal variances were 

observed in both Fl and F2 generations. 

100 - seed weight 

Combining ability analysis in a 5 x 5 diallel set in 

gram for seed yield, hundred seed weight and ascorbic acid 

revealed that additive type of gene action was predominant for 

hundred seed weight. (Singh et £1. 1975). 

Diallel analysis for yield and yield components in 

bengal gram showed highly significant variance due to g.c.a. and 
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s.c.a. for hundred seed weight. Estimates of variance due to 

g.c.a. indicated pn~d()min'1nce of additive gene effect" (rand r : pt, 

£U., 1979). 

Chauhan and Joshi (1981) studied a half diallel cross 

of eight cowpea along with parents and reported that both general 

and specific combining variances were important for 100 - seed 

weight. The magnitude of g,c,a. variance was found to be much 

higher indicating the preponderance of additive gene action in 

the inheritance of this character. 

A dial leI cross with six parents in urdbean revealed 

that both the additive and nonadditive effects were important 

(Sandhu et al. 1981). 

combining 

indicated 

Venkateswarlu and Singh (1982a) while analyzing the 

ability of ten diverse cultivars of pigeonpea 

the importance of both additive and nonadditive gene 

effects and predominance of additive gene effects. 

The combining ability analysis was done with ten pea 

cultivars by,Venkateswarlu and Singh (1982c) and reported that 

the variance due to g.c.a. was more than that due to s.c.a. 

and the performance of parents was highly associated with their 

g.c.a. effects. 

Malhotra (1983) in a 8 x 8 diallel analysis of urdbean 

showed the importance of both g.c.a. and s.c.a. variance for 
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hundred seed weight and reported that the varieties Hash 1-1 and 

L35-5 were the good combiners for hundred seed weight. Both 

additive and nonadditive gene effects were found to be 

significant and important for this character. 

Combining ability studies with 10 x 10 cilCll1p.] cr()~s In 

pea revealed the significance of general and specific combining 

ability and higher magnitude of additive genetic variance than 

dominance variance for hundred seed weight (Dubey and Lal, 1983). 

Singh et al. (1983) estimated combining ability using a 

8 x 3 line x tester cross in pigeon pea and reported both 

additive and nonadditive components with a predominance of 

additive component for this character. 

Wilson et al. (1985) in the analysis of the diallel 

crosses among five varieties of green gram showed existence of 

both' additive and nonadditive gene action. The variance due to 

g.c.a. was reported to be much higher than that due to s.c.a., 

indicating additive gene action in the expression of hundred seed 

weight. 

Patil and Bhapkar (1986) studied yield and related 

characters from the parents and Fl of a half dial leI cross of 

cowpea and reported additive gene effects for this trait. 

The combining ability analysis using thirty nine 

hybrids, three lines and thirteen testers ill pigeonpea revealed a 
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significant role uf <leiclit.ive and TWT1;)cldltive gc~rJ(\ ;1(,tioTl 

the predominance of nod i t iv~ gF:n~~ <let. ion. 

Yadavendra and Sudhir Kumar (1987) stucileo eight 

chickpea lines and F1 's for combining ability and suggested REG~R 

as good combiner and reported that 100 seed weight is 

controlled by additive gAne action. 

Singh et al. (1987c) estimated combining ability using 

forty five F3 progenies generated from 10 x 10 dial leI cross in 

pea and reported that both additive and nonadditive gene effects 

were significant. 

In a study wi th six genotypes of chicl:pea and their 

hybrids, Katiyar et.9.l. (1988) reported significant g.c.a. and 

s.c.a. for hundred seed weight and suggested the importance of 

additive and nonadditive gene effects with predominant role of 

nonadditive gene action for the trait. 

Combining ability analysis in a six parcnt diallel 

cross in cowpea conducted by Thiyagarajan et al., (1990) revealed 

that both the additive and nonadditive gene effects were 

important for hundred seed weight. They also reported the 

preponderance of nonadditive gene effects for the character. 

Twelve hybrids from three male and four female parents 

of cowpea were evaluated for combining ability in two seasons for 

yield and yield components by Thiygarajan (1992) and reported 

preponderance of additive variance. 



In a lin>: x tester i'lna].,y~:i!} in cowpea Ardlkunlilr (1~l9J) 

revealed the presence of additive gene action for 100 seed 

wieght. 

Combining ability analysis in cowpea by Jayarani (1993) 

reported the preponderance of nonadditive gene action for this 

character. 

Shanmughasundaram and Sree Rangasamy (1994) reported 

that in a combining ability analysis using 20F 1 's and 20F2 

families obtained from a 5 x 5 diallel mating design for yield 

and its components. 

Seed yield per plant 
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Pande et al. (1979) in a dial leI analysis for yield and 

yield components in bengal gram revealed that variances due to 

gene~al and specific combining ability effects were highly 

significant for yield per plant indicating that genes having 

additive and nonadditive effects were influencing yield. It 

was also reported that nonadditive effect were more important 

for seed yield per plant. 

A diallel cross involving eight mungbei'ln vi'lrieties were 

studied for combining ability. The variance due to 

s.c.a. were highly siGnificant for grain yield 

g.c.a. and 

per plant. 

Nonadditive gene act inn was reported to be more important for 

this character (Deshmukh and Hanjare, 1980). 
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Durong (1980) studied combining ability using i'\ 8 x 8 

diallel cross of soybe~n and reported importance of botl1 2ddltiv~ 

and nonadditive gene a~tion. 

A complete set of six parent diall el crosse,; in garden 

pea evaluated by Dhillon and Chahal (1981) and reported 

predominance of nonadditive gene action for yield per plant. 

Venkdteswarlu and Singh (19Blb) while analysing the 

combing ability in peas in a diallel cross involving ten 

cultivars found importance of both g.c.a. 

predominant role of additive gene effects. 

ano S.C.n. ano 

A half diallel cross of eight cowpea varieties studied 

by Chauhan and Joshi (1951) revealed that, hoth geTH:ral and 

specific combining ability variances were significant for grain 

yield per plant, but magnitude of g.c.a. variance was reported 

to be comparatively much higher suggesting the additve gene 

action. 

A complete set of six parents diallel cross in 

gardenpea was evaluated by Dhillon and Chahal (1981) and reported 

predominance of nonadditive gene action for yield per plant. 

Venkateswarlu and Singh (198ib) while analysing the 

combining ability in pea in a diallel cross involvin ten 

cultivars found the importance of both g.c.a. 

predominance of additive gene effect. 

and s.c.a. and 
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The combiniIlg ab!li ty <lTl<llysi:; of tr:n ('Ill U va}";; (If 

pigeonpea conducted by Venkateswarlu and Singh (19B2a) indicated 

the importance of both additive and nonadditive gene effects for 

seed yield per plant. 

Combining 3bllUy <In<llysis 1l~.ine b~n CIlI tiV(lr~i of l'(~:l 

crossed in all possible combinations indicated the importance of 

both s.c.a. andg.c.a. variances for seed yield per plant. The 

variance due to g.c.a. was reported to be much higher in Fl and 

F2 generations (Venkateswarlu and Singh, 1982c). 

In urdbean an 8 x 8 diallel was studied by Malhotra 

(1983) and reported that both the additive and nonadditive 

components were important with a preponderance of additive gene 

effect for seed yield. 

Singh et al. (1983) estimated combining ability in a 

line x tester cross in pigeonpea and reported that both additive 

and nonadditive gene actions were important with a predominance 

of non additive components. 

Yield and yield components were evaluated in six cowpea 

genotypes and their fifteen possible non-reciprocal single 

crosses by Zaveri et .9..1. (1983) and reported significance of both 

g.c.a. and s.c.a. variances with predominance of nonadditive 

gene action. 



An analysis of diallel cross using five varieties of 

green gram showed the existence of both additive and nonadditive 

gene actions for seed yield per plant. The variance due to 

g. c. a. was reported t() h~ milch hi gher thC'ln thn t, <lIH' t,n ;,. c. a. 

indicating -the predominance of additive gene Actio/l iTt t.he 

expression (Wilson eL al. 1905). 

Combining ability analysis in mungbean using eight 

parent half dial leI cross showed significant g.c.a. 

variances for seed yield perpLmt, (r:hnlldhllry, l!=lAf.) 

and s.c.a. 

Combining ability analysis in a diallel cross of seven 

frenchbean cultivars conducted by Singh and Saini (1986) revealed 

significant g.c.a. and s.c.a. effects for yield per plant and 

they reported the predominance of g.c.a. effect for this 

character. 

A line x tester analysis involving four testers and ten 

lines of cowpea indicated that both g.c.a. 

important for seed yield (Hishra et al., 1987). 

and s.c.a. were 

Singh et al. (1987a) in the combining abili ty analysis 

using a diallel cross of ten black gram lines reported highly 

significant g.c.a. 

grain yield. The 

and s.c.a. both in Fl and F2 generation 

estimates of variance due to s.c.a. 

for 

was 
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reported to be greater than variances due to g.c.a. indicating 

predominance of nonadditive gene action. 

Eight chickpea lines and their twenty eight F 1s were 

studied for combining ability by Yadavendra and Sudhirkumar 

(1987) and found that nonadditive gene action was predominant 

for grain yield. 

Haque et £1. (1988) in a line x tester analysis with 

six urdbean lines of diverse origin and four testers reported 

that higher s.c.a. effect for yield was observed in the cross 

PLV-652 and T-9. 

Combining ability analysis in six chickpea genotypes 

and their F1 hybrids revealed additive and nonadditive gene 

effects for grain yield and the preponderance of additive gene 

action. (Katiyar et al., 1988). 

Patel et al. (1988) conducted diallel analysis in 

mungbean and reported significant g.c.a. and s.c.a. variance 

for yield per plant. 

Twenty five chickpea hybrids derived from the crosses 

of five lines and five testers along with their F~ Rnd pRrents 
t. 

were studied to estimate heterosis and combining ability and 

reported that s.c.a. variance were greater than that for g.C.R. 

for yield. (Bahl and Kumar, 1989). 
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Saxena and Sharma (1989) estimated combiniu/3 abiUty in 

mung bean and reported that both g.c.a. and s.c.a. mean square 

were significant for yield per plant in F1 and F 2 . In general 

mean squares due to g.c.a. was reported to be of greater 

magnitude suggesting the preponderance of additive gene action. 

Thiyagarajan et al. (1990) reported that both additive 

and nonadditive gene effects were important for yield per plant. 

The components of variance analysis revealed preponderance of 

non-additive effects for the yield per plant. 

Natarajan et al. (1990) reported the same result in 

greengram and also the predominance of additive gene action in a 

1 x 1 diallel cross. 

The combining ability for seed yield and its compoT!f~nt~ 

over environments was estimated in blackgram by Kaliya et al. 

(1991) reported significant mean sum of squares due to s.c.a. 

for seed yield. 

In eight mung bean genotype study Saxena and Sharma 

(1992) reported importance of additive as well as nonadditive 

variances and predominance of additive variance. 

Twelve hybrids from three male and four female parents 

of cowpea were evaluated for combining ability in t.he seasons for 

yield and yield components by Thiyagarajan (1992) and reported 

preponderance of additive variance. 
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In a line x tester analysis in cowpea Jayarani (1993) 

reported the predominance of nonllddi tl ve gene nc LJ on for Lh I ~ 

character. 

gram. 

The same was reported by Sreekumar (1993) in green 

CAMY resistance 

Govindaswamy et al. (1970) have screened on hundred 

types of cowpea for resistance to the cowpea mosaic isolates both 

by sap and aphid transmission. 

Cowpea aphid borne mosaic virus (CAHV) was first 

reported from Tanzania by Bock (1973) Later Bock and Conti (1974) 

reported that the diseased cultivars showed variable amounts of 

dark green vein bounding or interveinal chlorosis leaf 

distortion, blistering and stunting. 

KUHN et ill. (1981) reported that genetic control of 

cowpea chlorotic mottle virus movement was controled by a 

dominant gene in the host. 

Preliminary studies by Patel (1982a) on inheritance of 

CAMV indicated that immune reaction was controlled by a recessive 

gene in association with minor/modifer genes and the resistant 

rea c t ion Wi) S go ve rrw d h y " P <1 r t i (l 1 1 y <i (1 min <1 n t. P, e n e . 

Ramiah and Narayanaswamy (1983) have suggested that 

resistance to CAMV was c,'""'ntrollect by a single domj nant gene. 



Sreelekha (1987) has screened ten lines of cowpea 

varieties of which the variety C-152 has taken hundred per cent 

infection on sap inoculation where as the variety CGI04 was found 

to be tolerant to the disease showing only 13.33 p~r cent 

infection. 

Mali et al. (1988) screened sixty cultivars for the 

presence of Black eye cowpea mosaic virus and CAMV. 

Morales (1991) studied the genetics of resistance to 

bean golden mosaic virus in Phaseolus Vulgaris and reported that 

g.c.a. mean squares were highly significant and larger than 

s.c.a. mean squares. 

The screening of fifty Tline cowpea varieties through 

sap inoculations for CAt1V resistance under field conditiuns has 

shown t~o varieties namely V-317 and V-276 as highly resistant, 

other sixteen varieties were found highly tolerant and the 

remaining thirty four susceptible (Sudhakumari, 1993). 

Reactions to major pests 

According to Hall ey et.9..l. (1985) s. c. a. variance were 

higher than g.c.a. variance for resistance to I1~J_iot.Jd§~£1.Cl in 

groundnut indicating the preponderance of non-additive gene 

action. 

38 
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Both general and specific combining ability variances 

were found to be significant for resistance to different pests as 

reported by Hsich and Pi (1988) against aphid .qnd Debholkar et 

.9..l. (1989) against shootfly in sorghum. However a preponderance 

of g.c.a. effect over s.c.a. effect was observed for resist.qnce 

to European corn borer in maize (Khalifa and Drolosom, 1988 and 

Kim ~ al., 1989) and shoot fly in sorghum (Dixon et al., 1990). 



l\li-\ .. rERL\LS j\.ND r\ll~'ITI()DS 



MATERIALS AND METHODS 

The present study was undertaken in the ciepartment of 

Plant Breeding and Genetics, College of Agriculture, Vellayani 

during 1994-'95 with the objective of estimating the gene action 

and combining ability for yield and yield attributes along with 

aphid borne mosaic virus resistance in grain cowpea. 

A. MATERIALS 

The experimental material consisted of seven varieties 

of grain cowpea of which two varieties were identified as CAMV 

resistant lines through a screening study conducted during 

1992-'93 in the dLepartment of Plant Breeding and Genetics, 

College of Agriculture, Vellayani and five were the most 

promising high yielding varieties released and recommended 

already for cultivation and the details of these varieties are 

given in Table 1. 

Table 1 Details of varieties used for the study 

Lines/Testers Name of variety Source 

Lines v - 317 College of Agriculture, Vellayani 

V - 276 College of Agriculture, Vellayani 

Testers Pournami College of Agriculture, Vellayani 

V - 269 Rice Research Station, Kayamkulam 

Covu-85020 Rice Research Station, Kayamkulam 

C04 Rice Research Station, Kayamkulam 

Charodi Rice Research Station, Kayamkulam 



Plate No . . 1 

V- 311 
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The seven parents (Plate 1) and their ten Fl hybrids as 

detailed below constituted the experimental material for the 

present study and are enumerated in Table 2. 

Table 2 Parents and hybrids 

Sl. 
No. 

1. 

2. 

3. 

4. 

5. 

6. 

1. 

8. 

9. 

10.-

11. 

12. 

13. 

14. 

15. 

16. 

11. 

Treatment number 
(Line, Tester, Line x Tester) 

L1 

L2 

Tl 

T2 

T3 

T4 
I 

T5 

Ll x Tl 

Ll x T2 

L! x T3 

L! x T4 

L! x T5 

L2 x T! 

L2 x T2 

L2 x T3 

L2 x T4 

L2 x T5 

Name of variety/ 
Cross 

V-317 

V-216 

Pournami 

V-269 

Covu-85020 

C04 

Charodi 

V-3l7 x Pournami 

V-3l1 x V-269 

V-311 x Covu-85020 

V-3!1 x C04 

V-317 x Charodi 

V-276 x Pournami 

V-276 x V-269 

V-216 x Covu-85020 

V-216 x C04 

V-216 x Charodi 



Covu- 85020 
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B. METHODS 

(1) Pot culture 

The seven cowpea varieties collected were grown in pots 

for collection ' of selfed and hybrid seeds. For hybrid seed 

production ten plants each of the seven varieties were grown in 

pots following the standard pot culture method. Staggered 

planting was followed to obtain synchronised flowering for 

crossing. The techniques followed for the production of selfed 

and crossed seeds were as follows . 

Selflng 

For getting selfed seeds mature flower buds which would 

open the next day were covered with paperbags and labelled in the 

evening. The paper bags were retained till the end of fruit 

setting. 

Crossing 

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 fore finger the standard petal was forced to open by running 
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a needle along the ridge where the two edges of the standard met . 

One side of the wing petals was pushed down gently, thereby 

leaving the keel petal exposed. The keel petal was then split 

open on the exposed side for about 2 cm and a portion of the keel 

petel was also pushed down without injuring the other f l oral 

parts in 

holding 

any way . Then all the stamens were pulled out 

on the filament with forceps. Care should be taken 

by 

not 

to rupture the. anthers. The disturbed parts of keel petal, wing 

and standard petals were allowed to assume their ori ginal 

positions. The emasculated flower buds were covered with tissue 

paper bags. Pollination was done in 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 again covered 

with tissue paper bags which were removed after five days . 

Suitable labels were also attached on the inflorescence. Thus a 

line x tester crossing was made with two lines and five testers . 

The pods were harvested when mature, the maturity being judged by 

the standard ripening colour of the pods. 

(ii) Field experiment 

The two lines, five testers and their ten hybrids were 

raised in a randomized block design with 3 replications in a Line 

x Tester fashion . Each plot has a size of 2 m x 1 m and the 

seeds were sown with a spacing of 25 x 15 cm. The plants at two 



leaf stage were screened for their resistance to CAMV through 

artificial sap inoculation method under field condition . 

Sap transmission 

Sap transmission was done using virus inoculum prepared 

in phosphate buffer as described below. 

Young leaves of systemically infected cowpea plants 

showing typical mosaic symptoms were selected and finely crushed 

using a clean, sterile and previously chilled mortar and pestle, 

after adding one ml of phosphate buffer (0.05 M; pH 7.0) to every 

gram of the infected leaf tissue. The resulting pulp was 

strained through sterilized cotton wool and the filtrate was used 

as the inoculum. 

Virus inoculation was done on young seedlings at two 

leaf stage after dusting small quantity of carborundum powder of 

600 mesh uniformly on the surface of the leaves by gently rubbing 

the inoculum with the cotton wool. Soon after inoculation the 

excess sap on the -leaves w08 washed with distilled water using a 

wash bottle. All the plants in each plot were inoculated. 

Observations recorded 

The following observations were taken on ten randomly 

selected plants from each plot except for CAMV where all plants 

were observed for the development of symptoms. 

-', , \ 



1. Days to flowering 

The number of days taken for the first flower 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. Number of branches/plant 

The mean number of branches from a random sample of ten 

plants at the final harvest was taken. 

4. Plant height at maturity 

The height of the plant was 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. 

5. Length of pod 

Five pods were selected from each observational plant, 

their length measured in centimeters and the mean value was 

taken. 



6. Number of pods/plant 

The total number of pods harvested from the ten 

observational plants were noted and mean value was recorded. 

7. Number of seeds/pod 

Number of seeds in five randomly selected pods from 

each of the ten 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/plant 

The total seed yield from the ten observational plants 

in" each plot was taken and their average value recorded in gram. 

10. Aphid borne mosaic scoring 

Observations on the incidence of the disease were 

recorded by counting the number of plants showing the typical 

symptoms of CAMV disease (Sreelakha 1981). Even the plants 

showing mild vein clearing on the primary trifoliate leaves were 

counted as diseased. Observation on the disease incidence was 

recorded 14 days after the inoculation. 
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11. Reaction to major pests 

8. Pod borer (Lampides boeticu5) incidence 

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 inner portions. The attacked pods exhibited 

holes and excreta of the caterpillar. The number of pods 

attacked by the pod borer were counted and expressed as 

percentage of the total number of pod~ in each plant and the 

average for each plot was workedout. 

No other serious incidence of pests were noticed 

STATISTICAL ANALYSIS 

Analysis of variance was conducted for the characters 

under study to test for 

genotypes including both 

Chaudhary, 1911). ANOVA 

presented in Table 3. 

the significant differences among 

crosses and parents (Singh and 

for line x tester mating design is 

Line x tester analysis 

Combining ability and gene action were estimated 

through the ANOVA of the line x tester model (DabholKar, 1992). 



Table 3. ANOVA for line x tester mating design 

Source 

Replication 

Genotypes 

Parents 

Hybrids 

Parents vs 
hybrids 

Lines 

Testers 

Line x tester 

Error 

Total 

where 

r = 
v = 
1 = 
t = 

2 
OSJ;a. = 

2 
0gp.a = 

2 
oe = 

df HS expected mean square 

(r-l) 

(v-l) 

(l+t)-l 

It-l 

1 

2 2 
1-1 HL 

0--
e + r x 

0---
s.c.a. 

2 2 
t-1 HT 0-;+ 0--=-r x s.c.a. 

2 2 
(1-1 ) (t-1) HLT ere + r x ~c.a. 

2 
( r-1 ) (Y-1 ) He oe 

Vr - 1 

number of replications 

number of genotypes 

number of lines 

number of testers 

s.c.a. variance 

g.c.a. variance 

Error variance 

2 
0---+ rt x g.c.a. 

2 
0-=-:-+ r1 x g.c.a. 



Estimation of g.c.a. and s.c.a. effects 

g.c.a effects of lines 

= - mean 
rt 

G' 
Mean = 

Itr 

where gi = g.c.a. effect of ith line 

Ii = sum total of observations with respect to ith 

line 

G' = total of observations with respect to all 

hybrids 

g.c.a effects of testers 

tj = - Mean 
rl 

where gj = g.c.a effect of jth tester 

= sum total of observations with respect to 

jth tester 

s.c.a effects of line x testers 

= r rt rl 

where 

= sea effect of i x jth cross Sij 

(It) ij = value corresponding to i x jth cross 

. ! 
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OF. n 11) -

SE = 

Estimation of genetic components of variance 

2 (1 + F) 2 
0gc,a = --------- 0 8-

4 

2 ( 1 + F)2 2 Ow = --------- oct 
2 

when F = a 

2 2 
°gca = 1/4 oa 

2 2 
°sca = 1/4 Cd 

where F = coefficient of inbreeding 
2 

era = additive variance 
'J.. 

O(f = dominance variance 

Proportional contribution of lines testers and line x 

testers to total variance. 
SSL x 100 

contribution of lines = 
sse 

SST x 100 
contribution of testers = 

sse 

SSLT 
contribution of line x testers ------ x 100 

sse 

where SSL = Sum of squares due to lines 

SSLT = Sum of squares due to line x testers 

SST = Sum of squares due to testers 

sse = Sum of squares due to crosses 
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\..,.-,<- "-.. /,\ 
" 1-/1 - ------- c~' r:" )'1-;',>;-The experiment was conduct Q~g two lines, five 

testers and their resultant ten hfbrids in RBD with three 

replications. The mean performance, combining ability and gene 

action of the lines, testers and line x tester hybrids were 

analysed. The results are presented below. 

4.a MEAN PERFORMANCE 

The mean performance of lines, testers and line x 

tester hybrids for the different characters is given in Table 4. 

For the character days to flowering the mean values 

recorded by the lines were 41.01 (V-317) and 38.91 (V-276), 

the testers ranged from 31.95 (Pournami) days to 45.21 

(Covu-85020) days, where as in hybrids the range was from 35.16 

days in V-276 x Covu-85020 to 42.35 days in V-311 x charodi. 

Average number of days to maturity in the testers was 

from 54.05 in Pournami to 58.21 in Covu-85020. The lines V-311 

and V-276 showed mean values 56.41 and 55.58 days respectively. 

Among the hybrids the lowest and highest days were recorded by 

V-276 x Pournami (49.55) and V-317 x Charodi (58.33) 

respectively. 

The range of variation for number of brqnches/plant in 

the testers was from 1.86 in charodi to 3.92 in C04. The lines 

V-317 and V-216 showed mean values 3.15 and 2.77 respectively. 



hble 4 "eaR pertorlance of lines, test!rs and hybrids for different characters 

-----------------------------------------------------------------
DilYs to Days to Bruthesl Height Length 110. of No.of 100 Seed Aphid borne 

Treahents flowering liturity plillt of the of the podst seed 5 I sHlI yieldt losai c di sease 
(dilYS) (days) (Mos. ) phnt '00 pllnt pod eight plant scoring 

(u) (CI) (g) (g) ~ ----------------------------------------------------------------------
\'-317 (l11 41.01 56.41 3.15 111.72 13.B'1 17.10 12.21 10.37 22.41 0.00 

\'-276 Ill' 38.91 55.58 2.77 8b.09 12.48 9.73 10.0b 8.20 8.03 0.00 

Pournoli IT 1) 37.95 54.05 2.93 87.57 15.72 15.07 14.1b 10.17 21.68 5.59 

\'-209 IT l' 43.06 57.94 3.47 95.79 13.97 8.70 11.74 9.0b 9.21 10.31 

Covu-85020 <T 3) 45.27 58.27 2.52 101. b5 13.82 10.37 12.30 10.2 13.01 12.99 

C04 IT 4) 40.83 57.83 3.92 130.58 14.00 12.67 13.18 10.7 13.01 5.45 

Charodi IT 5) 39.72 55.56 1.80 77.14 13.47 9.2 8.54 5.96 b.51 21.08 

\'-317 I Pournoli (liT 1) 37.86 53.8b 4.51 92.48 14.56 23.25 13.97 7.3 23.83 Ib.85 

\'-317 x \'-2b9 (liT l' 40.50 56.50 3.03 109.37 15.02 15.58 14.00 9.53 20.80 7.57 

\'-317 I Covu-85020 (llT 4) 42.22 55.21 3.b2 118.23 13.34 12.7b Ib.21 9.40 19.25 10.33 

\'-317 x C04 (l1T41 39.69 55.b9 4.22 91.07 15.46 24.66 15.46 11.12 28.76 14.43 

V-317 I Charodi (LIT 51 42.35 58.33 3.45 106.2' 14.29 17.19 13.B7 9.90 23.57 5.36 

V-276 x Pour nOli (l2T 11 30.55 49.55 3.28 105.22 15.32 15.71 12.88 12.00 26.51 7.42 

V-276 x V269 (L 2T l' 35.89 50.89 3.49 114.73 13.55 11.21 12.95 11.33 16.56 5.91 

Y-276 x Covu-B5020 (l2T 3) 35.16 49.75 2.54 100.04 13.92 14.00 13.91 9.46 lB.21 5.27 

Y-276 I C04 (l2T 41 37.52 53.32 3.77 93.2Il 13.'rI 1.24 11.60 6.73 8.78 13.66 

Y-276 I Cherodi (L 2T fl 35.27 52.27 2.90 93.38 12.60 9.06 11.27 10.7 15.48 5.37 

. I SEI 1.28 1.28 0.37 10.84 1.32 1.20 0.67 0.56 1.65 0.13 
I -

CD 2.63 2.63 0.78 1.31 2.47 1.37 1.16 3.37 0.27 

-------------
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Among the hybrids the minimum 3.nd maximum number of brarl\;h'3s/ 

plant were recorded by V-276 x Covu-85020 (2.54) and V-317 A 

Pournami (4.51) respectively. 

Plant height, was not significantly different among Ule 

genotypes and hence not subjected to line x tester analysis. 

Length of pod varied from 13.47 em in charodi to , ~ '7" 
.~ .... '. " .:.... 

em in Pournami among the testers. The lines V~317 and V~276 

showed mean values 13.89 and 12.48 respectively. In the hybrid:.:-. 

the range was from 12.66 in V-276 x Charodi to 15.46 em in V-317 

x C04. 

Average number of pods per plant was minimum in V ::::6~; 

(8.70) among the testers and in V-276 (9.73) among the line,,; and 

w;::,.::-~;:) maximum in Pournami (15.07) among the testers and V ·317 

(17. 10) among the lines. Among the hybridt~ th,,,, minimum and 

maximum values were recorded by V-317 x C04 (24.66) and Y-278 x 

C04 (1.24) respectively. 

The mean number of seeds per pod among testers W35 

minimum in charodl (3.54) and maximum in Pournami (14.1Cl. Tt~ 



lines V-317 and V-276 showed 12.21 and 10.06 mean number of 

seeds/pod respectively. In the hybrids the range was from 11.27 

in V-276 x Charodi to 16.21 in V-317 x Covu-B5020. 

Hundred seed weight ranged from 5.96 g in Charodi to 

10.7 g in C~ among the testers. The lines V-317 and V-276 

recorded 10.37 g and B.2 i 100 - seed weight respectively. The 

range of hybrids was from 6.73 g in V-276 x Co+ to 12 g in V-276 

x Pournami. 

Among the testers average seed yield per plant ranged 

from 6.51 g per plant in charodi to 21.68 g per plant in 

Pournami. The lines V-317 and V-276 showed mean values 22.41 g 

per plant and 8.03 g per plant respectively. This range was from 

8.78 g/plant in V-276 x C04 to 28.76 g/plant in V-317 x COLt among 

the hybrids. 

The lines showed zero infection for aphid borne mosaic 

disease. Among the testers the range of infection was from 5.45 

per cent (C04) to 21.08 per cent (Charodi). The range of 

variation in infection among of hybrids was between 5.27 per cent 

(V-276 x Covu-85020) to 16.85 per cent (V-317 x Pournami). 

4.b Combining ability and gene action 

Analysis of variance of different characters studied 

are presented in Appendix. 

~. , 
Jt 



The ANOVA showed that all the characters except 

height of the plant recorded significant difference among 

genotypes. Line x tester analysis with the purpose of estimating 

the eca and sea effects were carried out for those characters and 

the results are presented below. 

The mean squares due to lines were significant for days 

to flowering, days to maturity, number of branches/plant, number 

of pods/plant and aphid borne mosaic resistance where as 

variation due to testers showed significant differences for days 

to maturity, number of branches/plant and aphid borne mosaic 

resistance. The interaction between line x tester was 

significant for seed yield/plant, lOO-seed weight, number of 

pods/plant, number of seeds/pod and aphid borne mosaic 

resistance. 

The general combining ability (g.c.a.) effects of 

parents and the specific combining ability (s.c.a.) effects of 

hybrids for different characters are given in tables 5 and 6. 

Combining ability analysis of days to flo~ering 

revealed that lines differed for their g~e effects. Mean squares 

due to testers and line x testers were not significant for this 

character suggesting the absence of difference among g.c.a effect 

of testers and s.c.a effects of hybrids respectively. G.c.a 



iable 5 GCA ef;ects of parents 

"'arents 

L.ines 

2 

F 

SE 

CD 

Testers 
3 

4 

5 

6 

7 

F 

SE 

CD 

Days to 
flowering 

13.71** 

0.58 

1. 66 

-1. 09 

-0.10 

0.38 

0.31 

0.51 

0.24 

0.91 

2.63 

Days to 
maturity 

2.38** 

No. of 
branches! 
plant 

0.32 

-2.38** -0.32 

51.52** 12.98 

0.58 0.17 

1.66 0.49 

-1.83 0.27 

0.16 0.04 

-1.06 -0.44 

0.97 0.47 

1.77 -0.34 

3.87* 3.81* 

0.91 0.27 

2.63 0.78 

Length 
of pod 

0.32 

-0.32 

1. 43 

0.29 

0.83 

0.73 

0.07 

-0.58 

0.52 

-0.74 

1. 16 

0.46 

1. 31 

No. of 
pods! 
plant 

No.of 
seed! 
pod 

100-
seed 
weight 

Seed 
Yleld! 
plant 

3.56** 0.74* -0.29 3.07** 

0.29 -3.07** 

14.01** 3.14 0.16 2.48* 

0.54 0.29 0.25 0.74 

1.56 0.86 0.73 2.13 

3.67** 0.15 -0.09 4.99** 

-2.42** 0.20 0.68 -1.49 

-0.71 -0.26 -0.32 -1.45 

2.14* 0.28 -0.82* -1.41 

-2.69** -0.79 0.55 -0.64 

1. 74 O. 19 0.14 0.42 

0.86 0.47 0.40 1. 17 

2.47 1. 37 1. 16 3.37 

Aphid borne 
mosaic dise­
ase resistance 

0.25** 

-0.25** 

2.01* 

0.06 

0.17 

-0.36** 

-0.20 t 

0.74** 

-0.61** 

1.92** 

0.09 

0.27 
----------------------------------------------------------------------------------------------------

* 57. level of significance 
*t 17. level of significance 

con 
-,,:, 



Table 6 SCA effects of hybrids 

----------------------------------------------------------------------------------------------------
Li ne x tester Days to Days to No. of Length No.of No.of 100 Seed Aphid borne 
hybrids flowering maturity branches/ of pod pods/ seedi' seed yield/ mosaic dise-

plant plant pod weight plant ase resistance 
----------------------------------------------------------------------------------------------------
Li nes 

L 1 T 1 -1. 57 -0.22 0.19 -0.71 0.20 -0.19 -2.25** -4.41* 0.40*' 

L 1 T 2 0.07 0.42 -0.25 0.41 -1.38 -0.21 -0.60 -0.94 -0. 11 

L 1 T 3 1. 31 0.35 0.22 -0.61 -2.46* -1.31 0.27 -2.55 0.17 

L 1 T 4 -1. 14 -1. 19 -0.09 0.41 3.14 * 1. 16 2.49** 6.91** -0.21 

L 1 T 5 1. 32 0.66 -0.05 0.49 0.49 0.56 -0.10 0.99 -0.26 

L 2 T 1 1. 57 0.23 -0.19 0.71 -0.20 O. 19 2.05** 4.41* -0.40*' 

L..,T .., 
L L 

-0.07 -0.42 0.25 -0.41 1. 38 0.21 0.60 0.94 O. 11 

L 2T 3 -1. 31 -0.35 -0.22 0.61 2.46 * 1. 31 -0.27 2.54 0.17 

L 2T 4 1. 14 1. 19 0.09 -0.41 -3.15* -1. 15 -2.49** -6.91'** 0.21 

L 2T 5 -1. 32 -0.66 0.05 -0.49 -0.49 -0.56 0.10 -0.99 0.26 

F 2.17 0.67 0.55 1. 75 6.19** 3.87** 16.85** 13.82** 0.47*' 

SE 1. 29 1. 28 0.38 0.64 1. 21 0.67 0.57 1. 65 0.13 

CD 3.71 3.71 1. 09 1. 86 3.49 1. 93 1. 64 4.77 0.38 
----------------------------------------------------------------------------------------------------

* 5X 1 evel of significance 
** U level of significance 

CJ! 
-J 



Fig. 1 g.c.a. and s.c.a. - Days to flowerina 

s.c.a. hybrids 

1. V-317 x Pourna.i 

2. V-317 x V-269 

3. V-317 x Covu-65020 

4. V-317 x C04 

5. V-317 x Cbarodi 

6. V-276 x Pournami 

7. V-276 x V-269 

8. V-276 x Covu-65020 

9. V-276 x C04 

10. V-276 x Charodi 
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• V-317 f8l V-276 Ei.1 Pournami D V-269 D Covu-85020 ~ C04 [iJ Charodi 

Fig. 1. G.C.A. and S.C.A. - Days to flowering 



Fig. 2 g.c.a. and s.c.a. - Days to .aturity 

s.c.a. hybrids 

1. V-317 ][ Pourna.i 

2. V-317 x V-269 

3. V-317 ][ Covu-85020 

4. V-317 x 004 

5. V-317 ][ Cbarodi 

6. V-276 x Pournami 

7. V-276 x V-269 

8. V-276 x Covu-85020 

9. V-276 ][ C04 

10. V-276 x Charodi 
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Fig. 2. G.C.A. and S.C.A. - Days to maturity 
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effect was negative and significant in V-276 (-2.22), positive 

and significant in V-317 (2.22). The best general combiner for 

earliness to flowering was V-276 (-2.22) among lines. The 

testers showed no significant g.c.a effects. The range was from 

-1.09 to 0.51 days. None of the crosses exhibited significant 

sca effects while the range was from -1.57. (V-317 x Pournami) 

to 1.57 (V-276 x Pournami) days. The best specific combination 

for early flowering was V-317 x Pournami. The g.c.a and s.c.a 

effects for days to flowering are presented in figure 1. 

differed 

For the character days to maturity 

significantly among the lines. The 

the gca effects 

lines V-317 and 

V-276 recorded significant g.c.a effect of 2.38 and -2.38 days 

respectively. None of the testers showed significant g.c.a 

effects and the range was from -1.83 (Pournami) to 1.77 days 

(Charodi). None of the combinations exhibited significant s.c.a. 

effects while the range was from -1.19 days in V-317 x C04 to 

1.19 in V-276 x C04. The best specific combination for early 

maturity was V-317 x C04. The g.c.a. and s.c.a. effects for days 

to maturity are presented in figure 2. 

Mean squares due to lines and testers were significant 

for number of branches/plant and there was no significant 

differences among the hybrids. None of the lines and testers 



Fig. 3 g.c.s. and s.c.s. - Nuaber of branches/pod 

s.c.s. hybrids 

1. V-317 x Pournaai 

2. V-317 x V-269 

3. V-317 x Covu-65020 

4. V-317 x 004 

5. V-317 x Chsrodi 

6. V-276 x Pournami 

7. V-276 x V-269 

6. V-276 x Covu-85020 

9. V-276 x 004 

10. V-276 x Charodi 
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Fig. 3. G.C.A. and S.C.A. - Number of branches per plant 



Fig. 4 g.c.a. and s.c.a. - Length of pod 

s.c.a. hybrids 

1. V-317 ][ Pournaai 

2. V-317 x V-269 

3. V-317 ][ Covu-85020 

4. V-317 ][ C04 

5. V-317 ][ Charodi 

6. V-276 x Pournami 

7. V-276 ][ V-269 

8. V-276 ][ Covu-85020 

9. V-276 ][ C04 

10. V-276 ][ Charodi 



1 

0.5 

o 

-0.5 

-1 

G.C.A. lines 

LINES 

3 
1 
HYBRIDS 

S.C.A. hybrids 

5 

G.C.A. testers 
6 

7 

HYBRIDS TESTERS 

• V-317 D V-276 0 Pournami 0 V-269 0 Covu-85020 ESl C04 0 Charodi 

Fig. 4. G.C.A. and S.C.A. - Length of pod 



exhibited significant g.c.a effects. The maximum positive and 

negative g.c.a effects were recorded by the lines V-317 (0.32) 

and V-276 (-0.32) respectively and among the testers 0.47 (C04) 

and -0.44 (Covu-85020) respectively. None of the hybrids 

exhibited significant s.c.a effects and it ranged from -0.25 

(V-317 x V-269) to 0.25 (V-276 x V-269). The best specific 

combination for this character was V-276 x V-269. The g.c.a and 

s.c.a effects for this character are presented in figure 3. 

The g.c.a and s.c.a effects for length of pod are 

presented in Figure 4. Combining ability analysis for length of 

pod showed that none of the lines, testers and hybrids differed 

significantly. The lines V-317 and V-276 recorded g.c.a effect 

of 0.32 and -0.32 respectively. Among the testers maximum 

positive and negative g.c.a effect was shown by Pournami (0.73) 

and Charodi (-0.74) respectively. Among the hybrids maximum 

positive and negative s.c.a effects was recorded by V-276 x 

Pournami (0.70) and V-317 x Pournami (-0.70) respectively. Among 

the cross combination the best hybrid was V-276 x Pournami 

(0.70). 

The g.c.a. and s.c.a. effects for number of pods per 

plant are presented in figllre 5. The R.C.A. effect~ rliffererl 

significantly among the lines and the testers. The lines V-317 

(3.56) and V-276 (-3.56) recorded significant g.c.a. effects. 

f ~ 



Fig. 5 g.c.a. and s.c.a. - Number of pods/plant 

s.c.a. hybrids 

l. V-317 x Pournami 

2. V-317 x V-269 

3. V-317 x Covu-B6020 

4. V-317 x COot 

5. V-317 x Cbarodi 

6. V-276 x Pournami 

7. V-276 x V-269 

B. V-276 x Covu-86020 

9. V-276 x COot 

10. V-276 x Charodi 
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Fig. 6 g.c.a. and s.c.a. - Number of seeds/pod 

s.c.a. hybrids 

1. V-317 x Pournami 

2. V-317 x V-269 

3. V-317 x Covu-85020 

4. V-317 x 004 

5. V-317 x Charodi 

6. V-276 x Pournami 

7. V-276 x V-269 

8. V-276 x Covu-85020 

9. V-278 x C04 

10. V-276 x Charodi 
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Among the testers g.c.a. effects of Pournami (3.67) and C04 

(2.14) are significant and positive and are the desirable 

combiners. Significant and negative g.c.a. effects were shown by 

V-269 (-2.42) and Charodi (-2.69). In the hybrids V-276 x Covu-

85020 (2.46) and V-317 x C04 (3.14) showed significant positive 

effects. The best specific combination for number of pods per 

plant was V-317 x C04 followed by V-276 x Covu-85020. 

Mean squares due to lines and testers were not 

significant for number of seeds per pod. But variance due to 

line x testers was significant. The lines V-317 (0.74) and V-276 

(-0.74) showed significant g.c.a. effects. V-317 was the best 

general combiner for more number of seeds per pod. None of the 

testers showed significant g.c.a effects and the range was from 

-0.79 to 0.28. None of the hybrids showed significant s.c.a. 

effects and it ranged from -1.31 (V-317 x Covu-85020) to 1.31 

(V-276 x Covu-85020). V-276 x Covu-85020 was the good specific 

combination for this trait. The g.c.a and s.c.a effects for 

number of seeds per pod are presented in figure 6. 

For the character 100- seed weight, g.c.a effects 

differed significantly among the testers, only C04 (-0.82) 

recorded significant negative g.c.a effect. None of the testers 

showed significant positive g.c.a effects. The g.c.a effects of 

lines were -0.29 (V-317) and 0.29 (V-276), but none of these was 



Fig. 1 g.c.a. and s.c.a. - 100 - Seeds/pod 

s.c.a. hybrids 

1. V-311 x Pournami 

2. V-317 x V-~69 

3. V-311 x Covu-85020 

4. V-311 x C04 

5. V-311 x Charodi 

6. V-216 x Pournami 

1. V-216 x V-269 

8. V-216 x Covu-85020 

9. V-216 x C04 

10. V-216 x Charodi 
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Fig. 8 g.c.a. and s.c.a. - Seed yield per plant 

s.c.a. hybrids 

1. V-317 x Pournami 

2. V-311 ][ V-269 

3. V-317 x Covu-86020 

4. V-311 ][ C04 

5. V-311 x Charodi 

6. V-216 ][ Pournami 

1. V-216 x V-269 

6. V-216 ][ Covu-85020 

9. V-276 x C04 

10. V-216 ][ Charodi 
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significant statistically. The hybrids V-276 x Pournami (2.05) 

and V-311 x C04 (2.49) had positive significant s.c.a effect and 

V-216 x C04 (-2.49) and V-311 x Pournami (-2.25) had negative 

significant s.c.a effect. The best specific combination for 100 

seed weight was found to be V-311 x C04 followed by V-216 x 

Pournami. The g.c.a and s.c.a effects are presented in figure 1. 

The g.c.a and s.c.a effects of seed yield per plant are 

presented in figure 8. Significant g.c.a effects were exhibited 

by the lines and testers. The lines V-311 and V-216 recorded 

significant g.c.a effect of 3.01 and -3.01 respectively. Only 

Pournami (4.99) recorded significant positive g.c.a effects among 

the tester5. Among tho hybrid~ !"il~wificaJlt po~dt.tv(' ~.c.[\ offf'cL 

were shown by V-216 x Pournami (4.41) and V-317 x 

Hybrids V-317 x Pournami (-4.41) and V-276 x 

(6.91). 

(-6.91) 

exhibited significant negative s.c.a effects. The best specific 

combination for seed yield per plant was V-317 x C04 followed by 

V-276 x Pournami. 

Analysis of variance for aphid borne mosaic resistance 

showed significant differences among the lines, testers and line 

x testers. The lines V-317 (0.25) and V-216 (-0.25) recorded 

significant positive and negative g.c.a effects 

V-216 (-0.25) is the desirable combiner among 

respectively. 

the lines. 



Fig. 9 g.c.a. and s.c.a. - Aphid borne mosaic resistance 

s.c.a. hybrids 

1. V-311 x Pournami 

2. V-311 x V-269 

3. V-311 x Covu-85020 

4. V-311 x C04 

5. V-311 x Charodi 

6. V-216 x Pournami 

1. V-216 x V-269 

8. V-216 x Covu-85020 

9. V-216 x C04 

10. V-216 x Charodi 
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Table 1 Best general combiners and specific combiners for 
different characters 

Character Line Tester lIyiJird 

Days to flowering V-216 Pournami V-311 x Pournami 

Days to maturity V-216 Pournami V-311 x C04 

Number of branches/plant V-311 C04 V-216 x V-269 

Number of seeds/pod V-317 C04 V-276xCovu-85020 

Number of pods/plant V-311 Pournami V-317 x C04 

100 - seed weight V-216 V-269 V-311 x C04, 
V-216 x Pournami 

Seed yield/plant V-311 Pournami V-317 x C04, 
V-276 x Pournami 

Aphid borne mosaic 
resistance V-276 Charodi V-276 x Pournami 
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Regarding the g.c.a effects of testers, Pournami (0.43) and C04 

(0.74) recorded significant and positive effects. Testers V-269 

(-0.36), Covu-85020 (-0.20) and Charodi (-0.61) with significant 

and negative g.c.a effects are the desirable combiners. Two out 

of ten hybrids showed significant s.c. a effects. Significant 

negative s.c.a effect was shown by the hybrid V-276 x Pournami. 

(-0.40). The s.c.a effect was significnat and positive in V-317 

x Pournami (0.40). The best specific combination was V-276 x 

Pournami. The g.c.a and s.c.a effects for this character are 

presented in figure 9. The best lines, testers and hybrids bosed 

on the general and specific combining abilities of different 

characters are presented in Table 7. 

4c. GENETIC COMPONENTS OF VARIANCE 

The genetic components of variance such as additive 
2 2 

variance (oa) dominance variance (~) and environmental variance 
2 

(~) were estimated and they are presented in Table 8. 

For all the characters except days to maturity and 

number of branches/plant, dominance component was greater than 

additive component. For seed yield/plant, 100-seed weight and 

number of seeds/pod environmental component was greater than 

additive genetic component. 



Table 8. Genetic componAnt~ of variancA 

Characters 

Days to flowering 

Days to maturity 

No. of branches/plant 

Length of pod 

No. of pods/plant 

No. of seeds/pod 

100 seed weight 

Seed yield/plant 

Aphid borne 
mosaic virus 
disease Resistance 

Additive 
variance 

2 
oa 

2.14 

4.21 

0.11 

0.05 

8.93 

NE 

NE 

NE 

0.06 

Dominance 
variance 

2 
O"d 

7.78 

NE 

NE 

1. 23 

30.46 

5.15 

20.42 

140.39 

2.85 

c ' u't 

Environmental 
variance 

2 
~ 

4.98 

4.98 

0.43 

0.24 

4.39 

1. 35 

0.97 

8.21 

0.05 
----------------~------------------------------------------------

NE - Not estimable 
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4 d Proportional Contribution 

Proportional contributions of lines, testers and line x 

tester hybrids to total variance were estimated and are presented 

in table 9 and FtQllre 10. 

Among the different characters, the proportional 

contributions of lines, ranged very widely from a minimum of 3.46 

per cent for hundred seed weight to a maximum of 73.49 per cent 

for days to flowering. In the testers also the proportional 

contribution varied very widely from a minimum of 5.07 per cent 

for. days to flowering to a maximum of 66.30 per cent for 

borne mosaic disease resistance. In the line x tester 

this range was from 5.65 per cent for days to maturity to 

per cent for 100-seed weight. 

aphid 

hybrids 

84.40 

Contribution of lines to the total variance was high 

for the characters, duration upto first flowering, days to 

maturity, number of pods/plants having the values 73.49 per cent 

72.48 per cent and 56.10 per cent respectively. 

The contribution of lines was medium for number of 

branches/plant (40.3 per cent) seed yield/plant h30.48), number 

of seeds/pod (39.84 per cent) and aphid borne mosaic disease 

resistance (17.34 per cent). The contribution of lines was le~s 

for 100 seed weight (3.46 per cent) and length of pod (14.19 per 

cent) . \ ( , 
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Table 9. Proportional contributions of lines testers and line x 
tester for different characters towards the total 
variance 

Proportional contribution (%) 
Characters 

Lines testers line x tester 

Days to flowering 73.49 5.07 21. 44 

Days to maturity 72.48 21.88 5.65 

Number of branches/ 
plant 40.30 47.28 12.42 

Length of pod 14.19 46.12 39.69 

Number of pods/plant 56.10 27.88 16.01 

No.of seeds/pod 39.84 9.43 50.73 

100 - seed weight 3.46 12.14 84.40 

Seed yield/plant 30.48 20.51 49.02 

Aphid borne mosaic 
disease resistance 17.34 66.30 16.34 



Fig. 10 Proportional contributions of Lines, Testers and 

Line x Testers to total variance 

Xl Days to flowering 

X2 Days to maturity 

X3 Number of branches/plant 

X4 Length of pod 

X5 Number of pods/plant 

X6 Number of seeds/pod 

X7 100 - seed weight 

X8 Seed yield/plant 

X9 CAMY resistance 
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Fig. 10. Proportional contributions of Lines, Testers 
and Line x Testers to total variance 
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Contribution of testers was high for number of 

branches/plant (47.28 per cent), length of pod (46.12 per cent) 

and aphid borne mosaic disease resistance (66.30 per cent). 

Contribution of testers was medium for days to maturity (21.88 

per cent), 100 seed weight (12.14 per cent) and number of 

pods/plant (27.88 per cent). Contribution of testers was less 

for duration upto first flowering (5.07 per cent) seed 

yield/plant (20.51 per cent) and number of seeds/pod (9.43 per 

cent). 

Contribution of the line x tester hybrids to the total 

variance was less for the characters days to maturity (5.65 per 

cent), number of branches/plant (12.42 per cent) number of 

pods/plant (16.01 per cent) and aphid borne mosaic disease 

resistance (16.34 per cent). It was high for seed yield/plant 

(49.02 per cent) 100 seed weight (84.4 per cent) and number of 

seeds/pod (50.73 per cent). For the remaining characters, days 

to flowering and length of pod the contribution of the hybrids 

was medium, the proportion being 21.44 per cent and 39.69 per 

cent respectively. 

4 (e) Reaction to major pests 

The major pest noticed was fruit borer. The percentage 

of pods attacked by fruit borer in the lines, testers and hybrids 
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Table 10. Percentage of pods attacked by fruits borer 

Parents/Hybrids Pods attacked by borer (%) 

Y-317 6.3A 

Y-276 9.87 

Pournomi 7.67 

Y-269 12.5 

Covu - 85020 13.15 

C04 15.13 

Charodi 12.15 

Y-317 x Pournomi 6.51 

Y-317 x Y-269 7.46 

Y-317 x Covu 85020 12. 15 

Y-317 x C04 4.34 

Y-317 x Charodi 3.46 

Y-276 x Pournami :L 15 

Y-276 x Y-269 fi . fll 

Y-276 x Covu-85020 5.23 

Y-276 x C04 5.56 

Y-276 x Charodi 6.21 
- - - - - - - - - -- - - -- -- - _. 
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were presented in Table 10. The lines V-317 and V-276 showed 

6.38 and 9.87 per cent infection re~pf'lct,ivoly. Tn t.hfl t.fl~t.(lr~ 

the range was from 7.67 per cent to 15.13 per cent. In the 

hybrids the percentage of fruits showing the pest attack ranged 

from 3.45 to 12.15 per cent. 

\ ,) 





DISCUSSION 

Proper identification of the genetically superior 

parents is done on the basis of the performance of the hybrids 

which inturn is dependent on the information obtained from the 

analysis of the combining ability in terms of g.c.a. of the 

parents and 5.C.a. of the hybrids. The concept of combining 

ability was first proposed by Sprague and Tatum (1942). Line x 

tester analysis is one of the method for evaluating the 

performance of varietie~ or strains in terms of their combining 

ability. This method has some advantage over diallel analysis, 

in that interaction among males and females can be avoided and 

the number of cross combinations can be reduced without affecting 

the accuracy of the results. The present study was carried out 

in a line x tester model using seven varieties of cowpea to 

estimate the general combining ability of the parents and 

specific combining ability of the hybrids. The result~ of the 

study are discussed below: 

Combining ability and Gene action 

The analysis of variance revealed that mean squares due 

to lines and line x tester interaction were significant for the 

characters number of pods/plant and aphid borne mosaic 

resistance. This showed the importance of both general and 

specific combining abilities of these traits, which inturn 

suggest the involvement of both additive and nonadditive gene 
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action in the inheritance of these characters. Mean squares due 

to lines and testers were significant for days to maturity, 

number of branches/plant and aphid born mosaic resistance and 

that due to lines alone was significant for days to flowering. 

These indicated the importance of g.c.a. for the expre~sion of 

these traits, which inturn reflects the importance of additive 

gene action. However the variance due to line x te~ter 

interaction alone was found significant for seed yield/plant, 100 

seed weight and number of seeds/pod suggesting the involvement of 

s.c.a. for the inheritance of these characters. Though g.c.a. 

and s.c.a. effects were observed a preponderance of s.c.a. 

effects was observed for number of pods/plant and aphid borne 

mosaic resistance. 

For days to flowering significant variance was recorded 

by the lines only, suggesting the involvement of additive gene 

action. Moreover contribution of lines was maximum. For line x 

tester interaction the variance was not significant which implied 

that the s.c.a. effect was not significant. The predominance of 

additive gene action for this trait was reported by Dubey and Lal 

(1983) in pea, Salimath and Bahl (1985), Yadavendra and 

Sudhirkumar (1987) and Katiyar ~~. (1988) in chick pea, 

Mehetre ~~. (1988) in peaionpea and Jayarani (1993) in cowpea. 

Contrary to this a preponderance of nonadditive gene action was 

reported by Deshmukh and Manjare (1980) in green gram, Singh 

. , . ' 



~ ~. (1986) in lablab bean, Katiyar et Q1. (1987) in pea and 

Anilkumar (1993) in cowpea. 

Estimates of combining ability revealed that the line 

Y-276 showed significant negative g.c.a. effects. Hence Y-276 is 

the best general combiner for days to flowering. Non-significant 

negative g.c.a. were recorded by the testers Pournami and V-269. 

None of the hybrids showed significant S.C.B. effects. Non 

significant negative g.c.a. effects were shown by the hybrids 

Y-317 x Pournami, V-276 x Charodi, Y-276 x Covu-85020, V-317 x 

C04 and Y-276 x Y-269. Out of the five hybrids which had 

negative s.c.a. effects Y-276 x Y-269 alone .involved negative x 

negative general combiners; Y-276 x Charodi, V-317 x Pournami and 

Y-276 x Covu-85020 involved positive x negative general 

combiners and Y-317 x C04 alone involved positive x Positive 

general combiners. Hence the best specific combination for days 

to flowering involved positive x negative general combiners. 

Analysis of variance for days to maturity showed 

significant 

significant 

action for 

Joshi (1981) 

variance for lines and testers. This indicate 

g.c.a. variances and involvement of additive gene 

this trait. The same was reported by Chauhan and 

in cowpea, Wilson et~. (1985) in greengram, 

72 

Yadavendra and Sudhir Kumar (1987) in chickpea, Hehetre ~ 
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sUo (1988) in pigeonpea. Contrary to thi!'> , the importance of 

non-additive gene action was reported by Deshmukh and Hanjare 

(1980) in green gr<lm, Snndhuetlll. (l~Al) nnd ~;tn~1t et, ,,1. 

(1987a) in black gram, Salimath and Bahl (1985) in chick pea, 

Singh ~ lil. (1987b) in pea and Tiwari et a!. (1993) in mung 

bean. 

negative 

analysis. 

Lines Y-317 and Y-276 had significant positive and 

g.c.a. 

None 

effects respectively in the 

of the testers and hybrids 

combining ability 

showed significant 

g.c.a. and s.c.a. effects respectively. Among the testers 

nonsignificant negative g.c.a. effect~ were shown by Pournami and 

Covu-85020. Among the different cross combinations maximum 

negative s.c.a. effect was exhibited by the hybrid Y-317 x C04. 

Both the parents involved in this cross had positive x positive 

general combiners. Out of the 5 hybrids which showed negative 

s.c.a., three had parents which are positive x negative general 

combiners, and the remaining two, one had positive x positive 

combiners and the other had negative x negative combiner~. 

For the character number of branch~g/plant variance du~ 

to lines and testers were significant indicating the major 

involvement of additive gene action. Moreov~r the contribution 

of testers was maximum. For line x tester interaction the 

variance was not significant which implied thRt s.c.a. effect 

was not significant. Tn agrpp.ment to this, riddit.ivo gf"'!np. Rct.:lon 
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was reported .. by Habib et a!. (1985), K<ltiyar £:')t £1 (1988) in 

chick pea, Saxena and Sharma (1989) and Tiwari (1993) in 

mungbean. On the other hand nonadditive gene action was 

reported in chickpea by Yadavendra and Sudhirkumar (1987), Singh 

(1987) in mung bean and Jayarani (1993) in cowpea. 

None of the tester and 1ine5 showed significant g.c.a. 

effects. Maximum positive non significant g.c.a. effect was 

recorded by the line Y-317 and the tester C04. None of the 

hybrids showed significant s.c.a. effects. Among the different 

cross combinations maximum non significant s.c.a. effect was 

shown by the cross Y-276 x Y-269. Hence the best combination for 

number of branches/plant involved po~itive x negative general 

combiners. Out of the five hybrids which had positive S.C.<l., 

three involved positive x negative general combiners. Of the 

remaining two, one had positive x positive combiners and the 

other with negative x negative general combiners. 

Number of pods/plant recorded a significant mean sum of 

squares due to lines and line x testers. This indicated 

significant g.c.a. and s.c.a. effects and the involvement of 

additive and nonadditive genetic component5 in the expression of 

this trait. But their ratio of additive to dominance variance 

was less than unity, indicating the predominant role of non 

additive gene action. The same was reported by Thiyagarajan ~t 

.9.l. ( 1990) in cowpea, Deshmukh and Hanjare (1980) in green gram 
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Yadevendra and Sudhirkumar (198'7) in chickpea and Yindhiyavarman 

and Raveendran (1994) in groundnut. Contrary to this 

predominance of additive gene action was reported by Chauhan and 

Joshi (1981) in cowpea, Yenkateswarlu and Singh (1982a) and Patel 

~ gl. (1981) in pigeon pea, Dubey and Lal (1983) in pea, Wilson 

~ ~. (1985) and Saxena and Sharma (1989) in green gram and 

Thiyagarajan (1992) in cowpea. 

Estimate of combining ability revealed that the line 

Y-311 showed significant positive g.c.a. Hence Y-317 is the best 

general combiner. Significant positive g.c.a. wer~ record~d by 

the testers Pournami and C04. Among the hybrids significant 

positive s.c.a. effects were recorded by Y-216 x Covu-85020 and 

Y-317 x C04 which involved parents with negative x negative 

g.c.a. effects and 

respectively. Hence 

positive x positive g.C.B. 

the be5t specific combination 

effects 

for more 

number of pods/plant involved negative x negative and positive x 

positive general combiners. Out of the five hybrids which had 

positive s.c.a., two involved po~itivo x positive, ~wo witt) 

negative x negative and one with negative x positive general 

combiners. 

Number of seeds per pod recorded a significant mean sum 

of squares due to line x tester only indicating the importance of 

nonadditive gene action for the expression of this trait. Hore 

over dominance variance was greater than additive variance. So 

only nonadditive gene action is involved in the inheritance of 
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this trait. The same was reported by Hehtre et _ql. (1985) in 

pigeonpea, Salimath and Bahl (1989) in chickpea, Thiyagaraj~n et 

.al.. (1990) and Jayarani (1993) in cowpea. On the contrary, 

Wilson fU al. 

Rejatha (1992) 

(1985) in green gram, 

and Anilkumar (1993) 

Katiyar et £1. (1988), 

in cowpea observed the 

important role of additive gene action in governing this trait. 

Analysis of combining ability revealed that the line 

V-317 recorded positive g.c.a. effect. 

g.c.a. effects was shown by the line V-276. 

Significant negative 

None of the testers 

showed significant g.c.a. effects. The te~ter C01 ~howed maximum 

nonsignificant g.c.a. effect and none of the hybrids 5howed 

significant s.c.a. effects. Out of the five hybrids which had 

positive s.c.a. effects, three resulted from the crosses between 

parents which are positive x negative combiners, one hybrid 

resulted from the parents with positive x positive and remaining 

one had negative x negative general combiner5. 

Hundred seed weight had significant mean sum of squares 

for line x testers only. This indicated the importance of s.c.a. 

alone for this trait. Th~ rntio of t1ddit.lvn t.o rI()mlrH1IIC() 

variance was less than uni t:r indicating that the characters is 

under the control of nonadditive gene action. This was reported 

by Katiyar et gl. (1988) in chickpea, Thiyagarajan ~~ Ql. (J990) 

and Jayarani (1991) in r.owpel1. Contrary to t.h1r; adriit1vo w'!ne 

action was reported by Forde et ~l. (1979) Yadavendra and 



Sudhirkumar (1987) in chickpea, Chauhan and Joshi (1981), 

Thlyagarajan (1992) and Anilkumar (1993) in cowpea. 

The estimates of combining ability revealed that none 

of the lines showed significant g.c.a. effects. The line Y-276 

showed nonsignificant positive g.c.a. effect. Among the testers 

C04 showed significant negative g.c.a. effect and none of the 

testers showed significnat positive g.c.a. effect,. 

positive nonsignificant g.c.a. effect was shown by the 

Maximum 

tester 

Y-269. Significant positive s.c.a. effects were shown by the 

hybrids V-276 x Pournami and Y-317 x C04. The pAn~nts invol ved 

in the cross Y-276 x Pournami hAd negAtive x positive general 

combining ability effects whereas in the cross Y-317 x C04 had 

negative x negative general combining ability effects. Hence the 

best combinations for 100- seed weight involvpd tleg<1tiv(~ x 

positive and negative x negative general combiners. Out of the 

five hybrids which had positive s.c.a .. two re~u] ted from 

parents with negative x negAtive effects, two illvolverl positivp x 

positive effects and (HIP reSllltJ~d from nr~[~;'!t,i'v"p x pn~itivp. 

general combiners. 

See d y i e ] d / p 1 :1 nth :'l d 5 i g n i fie ant, m'~ a n S l1lll 0 f s q 11 ;) res 

due to line x testers only. This indicates the significance of 

77 
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s.c.a. variances and the involvement of nonadditive gene action. 

Moreover the ratio of additive to dominance variance was less 

than one so only nonadditive gene action is involved in the 

inheritance of th:i.~ trait. ~,lrnUllr rn!"lul t.!' Wllt·n rrlllt)f"Lnd by 

Zaveri ~ £1. (1983) and Jayarani (19~3) in cowpea, Sreekumar 

(1993) in greengram, Yadavendra and Sudhirkumar (1987) and 

Katiyar ~~. (1987) in pea where as Chauhan and Joshi (1981) in 

cowpea, Singh ~ £1. (1987) in pea, Saxena and Sharma (1992) in 

urdbean reported a predominant role of additive gene action for 

seed yield per plant. 

In the combining ability analysis significant positive 

g.c.a. effects were recorded by the line Y-317 indicating that 

V-317 is the best general combiner for seed yield/plant. 

Significant negative g.c.a. effects were shown by the line Y-276. 

Among the testers Pournami showed significant positive g.c.a. 

effect. The hybrids Y-276 x Pournami and V-317 x C04 showed 

significant positive s.c.a. effects and the parents involved in 

these crosses were positive x negative general combiners. Hence 

the best combinations for high yield involved the negative x 

positive general combiners. Out of the five hybrids that had 

positive s.c.a. effects, three had positive x negative and two 

had negative x negative general combiners. 

Significant mean sum of squares due to Jines, testers 

and line x testers were found for Aphid borne mosaic resistance. 

This indicated signif icant g. c. a. and s. c. a. effect>s and HIe 
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involvement of additive and nonadditive genetic comporlent in the 

expression of this trait. But the dominant component was greater 

than additive component. This indicated the importance of 

nonadditive gene action for the inheritance of this trait. 

Contrary to thi~ importance of g.c.a variance was reported by 

Morales ~ gl. (1991) in phaseolus vulgaris for the inheritance 

of golden mosaic virus. 

Estimate of combining ability revealed that the line 

V-276 showed significant negative g.c.a. Hence V-276 is the best 

general combiner. Significant negative g.c.a. were recorded by 

the testers V-269, Covu-85020 and charodi. Among the hybrids 

significant s.c.a. effect was recorded by V-276 x Pournami and 

V-317 x Pournami. The best specific combination, Y-276 x 

Pournami which involved negative x positive general combiners for 

this trait. Out of the five hybrids that had negative s.c.a. 

effects three had positive x negative general combiners, one had 

positive x positive and the other had negative x negative general 

combiners. 

In general Y-317 showed significant gerleral combining 

abilities for seed yield/plant, number of seeds/pod, number of 

pods/plant. Y-276 showed significant negative g.c.a. for days 

to flowering, days to maturity and aphid borne mosaic resistance. 

So these two lines can be selected for further breeding programme 

based on their general combining abilities. The tester pournami 



Plate No. 2 

V-317 x Co4 

V- 276 x POURNAMI 



showed significant g.c.a. effect for seed yield/plant and number 

of pods/plant Gharodi showed significant negative g.c.a. effect 

for aphid borne mosaic disease. So from the testers Pournami and 

Gharodi can be selected for further breeding programme based on 

their general combining abilities. 

Among the hybrids V-317 x C04 showed significant s.c.a. 

for seed yield/plant, 100 seed weight and number of pods/plant. 

V-276 x Pournami showed significant s.c.a. for seed yield/plant, 

100 seed weight and aphid borne mosaic resistance. Therefore the 

above hybrids are the good specific combinations for yield and 

GAMV reistance based on the combining ability analysis (Plate 2). 
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In general it was seen that additive gene action was 

predominant for the inheritance of days to maturity and number 

of branches/plant. Nonadditive gene action was predominant for 

number of pod!5/plant, numher of ~oeds/porl, 100 snnd wnl~ht-., ~nnd 

yield/plant and aphid borne mosaic resistance. 





SUMMARY 

The investigation on combining ability and gene action 

in grain cowpea was carried out in the Department of Plant 

Breeding, College of Agriculture, Vellayani during the year 

1994-95. Hybridisation was done in the line x tester pattern 

using two aphid borne mosaic resistant varieties as lines and 

five varieties with high productivity as testers. 

and 

three 

their ten F1 s were grown in Randomised Block 

replications. Observations were recorded 

Seven parents 

Design with 

on days to 

flowering, days to maturity, plant height, number of branches per 

plant, number of pods/plant, length of pod, number of seeds/pod, 

100 seed weight, seed yield per plant, aphid borne mosaic disease 

and on reaction to the major pests. The salient inferences are 

presented below. 

Combining ability analysis revealed that mean square 

due to linesand line x tester interaction WAre ~IRni ficl\nt for 

the characters number of pods/plant and aphid horne mosaic 

resistance. This showed the importance of both general and 

specific combining abilities of these traits which inturn suggest 

the involvement of both additive and nonadditive gene action in 

the inheritance of these characters. Mean squares due to lines 

and testers were significant for days to maturity, number of 
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branches/plant and aphid borne mosaic resistance and that due to 

lines alone was significant for days to flowering. These 

indicated the importance of general combining ability for the 

expression of these traits, which inturn reflects the importance 

of additive gene action. However the variance due to line x 

tester interaction alone was found significant for seed yield per 

plant, 100 seed weight and number of seeds per pod suggesting the 

involvement of s.c.a. alone for the inheritance of these 

characters. Though g.c.a. and s.c.a. ~f+~cts were observed, a 

preponderance of s.c.a. ~ft~L~ was observed for number of 

pods/plant and aphid borne mosaic resistance. 

The general combining ability analysis showed that the 

line V-276 was the best general combiner for days to flowering, 

days to maturity, 100 -seed weight and Aphid borne mosaic 

resistance. On the other hand V-317 was best for number of 

branches/plant, number of seeds/pod, number of pods/plant and 

seed yield/plant. Among the testers, Pournami was the best 

general combiner for days to flowering, days to maturity, number 

of pods/plant and seed yield/plant, C04 for number of 

brnahces/plant and number of seeds/pod, V-269 for 100 seed weight 

and charodi for Aphid borne mosaic resistance. The cross 

combination V-317 x C04 was the best specific combination for 

days to maturity, 100 seed weight, number of pods/plant and seed 

yield/plant, V-276 x Pournami for aphid borne mosaic resistance, 



V-311 x Pournami for days to flowering V-216 x 

number of seeds/pod and V-216 x V-269 

branches/plant. 

Covu-85020 

for number 

S3 

for 

of 

The study in general indicated that in view of the 

preponderance of nonadditive gene action for seed yield/plant, 

number of pods/plant, number of seeds/pod and 100 - seed weight. 

Commercial exploitation of hybrid vigour is the most appropriate 

method of utilizing such gene action. The above hybrids can be 

carried forward to evolve high yielding aphid borne mosaic 

resistant varieties. 
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APPENDIX 

ANOVA for different characters under study 

lie an square 

Source df 

Replication 2 

TreatlE>nts 16 

Parents 6 

Crosses 9 

Parent ,s cross 

Lines 

Testers 4 

Liner x testers 4 

Error 32 

Days to Days to No. of Height 
of the 
pI ant 
(cil 

length 
of pod flowering laturity branches/ 

plant 
(cil 

4.94 4.95 2.6611 60.20 1.43 

1.24fl 61B.99 2.481 

20.34" 7.34 1.33 1 1196.19' 2.77 

0.86 290.21 2.43 

107.5Bfl 109.68 f 114.89 1.15 

148.31 11 170.41 fl 3.11 ff 34.84 3.10 

2.56 0.91 1 392.89 2.52 

10.82 0.24 251. 36 2.18 

4.98 4.98 0.43 352.50 1. 24 

f 5I level of signIficance 
ft 1Z level of significance 

No.of 
pods/ 
plant 

No.of 
seeds/ 
pod 

Hundred 
seed 
weight 

(gl 

6.77 2.00 2.62 

66.4011 8.41 fl 8.21 11 

31.1 11 10.7511 8.5011 

195.37'1 29.0811 3.22 

381.79fl 16.35 2.67 

47.44 0.97 2.34 

27.24 ff 5.21' 16.2811 

4.39 1.35 0.97 

Seed 
yield/ 
plant 

(gl 

27.851 

139.01 ff 

102.92 ff 

565.91 ff 

282.32 

47.49 

8.21 

Aphid borne 
losaic 
resistance 

!II 

0.01 

5.67" 

0.05 
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AllSTHACT 

Two lines, five testers and ten hybrids of cowpea were' 

evaluated in the Department of Plant Breeding and Genetics, 

College of Agriculture, Vellayani during 94-95, with the 

objective of estimating the combining ability of parents and gene 

action involved in the inheritance of different yield attributes 

and CAMV resistance. The lines and testers were selected based 

on their previous performances and crossed in line x tester 

manner to get ten hybrids. 

Observations were made on ten characters, of which nine 

characters showed significant difference among the 17 treatments. 

It was seen that nonadditive gene action was predominated for the 

inheritance of number of pods/plant, number of seeds/pod, 100 

seed wieght and seed yield/plant and aphid borne mosaic 

resistance and additive gene action for days to flowering, days 

to maturity and number of branches/plant. 

The varieties Pournami, V-311, V-216 and Charodi were 

the best general combiners and the cross combinations V-317 x C04 

and V-216 x Pournami were the best specific combinations for 

yield and CAMV resistance. Hence they can be utilized for 

further crop improvement programme. 
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