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ABSTRACT 

 Information about combining ability is important for working breeding strategies. A line 

x tester analysis in maize was carried out at All India Co-ordinated Maize Improvement Project 

(AICMIP), Agricultural Research station (ARS), Arabhavi with twenty nine newly developed lines 

from national yellow pool and three testers to estimate the combining ability effects and nature 

of gene action for  twelve characters viz., Days to 50% tasseling, Days to 50% silking, plant 

height (cm), ear length (cm), ear circumference (cm), number of kernels per row, number of 

kernel rows per cob, 100-grain weight (g),   grain yield per plant (g), fodder yield (t/ha) and grain 

yield (q/ha). Based on the gca effects, YP 4#07-20 among lines and CI-5 among testers were 

found to be good general combiner for grain yield. The cross combination, YP 4#07-20 x CI-5 

(8.82) exhibited the maximum positive and significant sca effect for grain yield and hence 

recommended for heterosis breeding. Considering its negative gca and sca effects for days to 

50% tasseling and days to 50% silking, material can be marked as a valuable source for inducing 

earliness. It also revealed that there is inconsistent relationship between gca and sca effects.  
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INTRODUCTION 

  

 Maize is the world’s most widely 

grown cereal and is the primary staple food 

in many developing countries (Morries et 

al., 1999). The concept of general and 

specific combining ability was introduced 

by Sprague and Tatum (1942) and its 

mathematical modeling was set about by 

Griffing (1956) in his classical paper in 

conjunction with the diallel crosses. The 

value of any population depends on its 

potential per se and its combining ability in 

crosses (Vacaro et al., 2002). The usefulness 

of these concepts for the characterization of 

an inbred in crosses have been increasingly 

popular among the maize breeders since the 

last few decades. The variances of general 

and specific combining ability are related to 

the type of gene action involved. Variance 

for GCA includes additive portion of total 

variance arising largely from dominance and 

epistatic deviations (Rojas and Sprague, 

1952). 
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 Maize is a highly cross pollinated 

crop and there is a wide scope for 

exploitation of hybrid vigour. Already this 

phenomenon has been successfully exploited 

and still there is tremendous potential to 

exploit several high yielding hybrids and 

composites. An understanding of the genetic 

architecture of parent, their mode of 

inheritance will greatly aid the breeder to 

device appropriate breeding methodology to 

incorporate the traits in question. Line x 

Tester analysis is one of the methods 

employed by which the genetic architecture 

of a given character, the combing ability and 

heterosis could be understood. 

   

 The objective of this study was to 

evaluate the performance of 29 new inbred 

lines derived from national yellow pool. 

These promising lines were never appeared 

to be tested before for their breeding 

potential per se in specific combinations 

(sca) and their overall performance in 

crosses (gca). These lines would be a 

valuable source of germplasm to enhance 

hybrid grain yield in India. 

 
 

MATERIALS AND METHODS 

The experimental material used in 

the present investigation comprised of 

twenty nine promising inbred lines selected 

from National Yellow Pool based on their 

performance in S4 generation. These 

selected lines were used as female lines and 

were crossed with three testers viz., Prabha 

(composite with broad genetic base), KDMI-

10 and CI-5 (Inbred lines with narrow 

genetic base) at Main Agricultural Research 

Station, Agricultural college, Dharwad 

during kharif 2007-08. 

The 87 F1 hybrids thus generated 

from the above line x tester crossing 

programme were evaluated in RCBD with 

two replications along with parental lines 

and five checks viz., DMH-2, EH-434042 

(Arjun) (Public hybrids), Pinnacle, Bio-9681 

and 900M (Private hybrids) at All India Co-

ordinated Maize Improvement Project 

(AICMIP), Agricultural Research Station 

(ARS), Arabhavi during rabi/summer 2008-

09. Each entry was raised in two rows with a 

row length of 4m and the spacing 

maintained was 75cm between the rows and 

20cm between the plants. The recommended 

packages of practices were followed to raise 

a good crop. The observation on grain yield 

and its 11 important component traits were 

recorded from ten competitive plants which 

were selected randomly from each treatment 

to record observations on days to 50 percent 

tasseling, days to 50 percent silking, plant 

height (cm), ear length (cm), ear 

circumference (cm), number of kernel rows 

per ear, number of kernels per row, 100-

grain weight (g), shelling percent, grain 

yield per plant, fodder yield (t/ha) and grain 

yield (q/ha). The mean values of these ten 

plants were used for combining ability 

analysis (line x tester) as per the method 

suggested by Kempthorne (1957).  

 

RESULTS AND DISCUSSION 

In the present investigation, the 

analysis of variance for combining ability in 

respect of 12 quantitative characters under 

study is presented in table 1. Analysis of 

variance for parents revealed that all the 

parents chosen were highly significant for 

all the traits indicating sufficient variability. 

The variance among the lines was highly 

significant for all the traits where as 

variance among testers were significant for 

number of kernels per row, 100 grain 

weight, grain yield per plant and fodder 

yield. The variance due to line x testers 

interaction was highly significant for all 

traits except ear length, ear circumference, 

shelling percentage and fodder yield per 

hectare. However, the variance among 

testers for grain yield per plant was 
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significantly higher (443.89) as compared to 

the female lines. This indicated that the 

female lines would contributed to the final 

yield indirectly through the yield 

contributing traits, while the male line 

directly contributed to yield by grain yield 

per plant in the hybrids. 

 

 The mean sum of squares for hybrids 

were highly significant for days to 50 

percent teaseling, days to 50 percent silking, 

number of kernel rows per ear, number of 

kernels per row , 100-grain weight, shelling 

percentage  and fodder yield per hectare. 

The variance due to the interaction effect of 

parents verses hybrids was also found highly 

significant for all traits indicates that the 

parents chosen were diverse and with a 

difference genetic background. The 

contribution to total hybrid variance was 

found to be higher from females than males 

for all characters under study as females 

were genetically diverse than males. 

  

The SCA variance was higher than 

the GCA variance indicating predominance 

of dominance variance. Dominance variance 

was greater than additive variance for all the 

character indicating the predominance of 

non-additive gene action.  These results are 

in confirmative with the findings of Sanghi 

et al (1982), Sedhom (1994), Dehghanapour 

et al (1997), Herbert and Gallis (1986), El-

Hosary et al (1994a), Guo et al (1986), Pal 

et al (1986), Vasal et al (1992), Mohammad 

(1993), Pal and Prodhan (1994), Sinobas and 

Monteagudo (1994), Satyanarayana et al 

(1994), Paul and Duara (1991). 

 

The gca effects calculated for each 

parent are presented in table 2. Among the 

32 parents, the highest and significant gca 

effects for grain yield per plant was 

observed in YP 4#07-20 (5.95), 

YP 4#07-27 (4.21), YP 4#07-28 (3.85). 

The parent YP 4#07-20 (5.95) was found 

to be the best general combiner for the 

character for plant height and fodder yield 

per hectare, while YP 4#07-1 was the best 

general combiner for plant height, ear 

circumference, 100-grain weight and fodder 

yield per hectare. The parent YP 4#07-2 

had highest negative gca effects for days to 

50 per cent tasseling (-2.46) and days to 50 

per cent silking (-2.07). These parents may 

therefore used in breeding programme for 

earliness. For plant height YP 4#07-19 

(13.42), YP 4#07-29 (12.42), YP 4#07-1 

(12.25) showed significant positive gca 

effects and two testers Prabha (2.74) and 

KDMI-10 (1.41) showed gca effects in the 

positive direction. Dhillon (1975) reported 

that combining ability of parents give useful 

information on the choice of parents in 

terms of expected performance of the 

hybrids and their progenies.  A number of 

workers had advocated gca effects to 

critically analyze the parents for their ability 

to transmit superior performance to their 

progenies. 

 

The gca effects is a value derived 

from the general mean of hybrid involving 

all parents. The gca effects of parents may 

be positive or negative. Simmonds (1979) 

pointed out that the gca values were relative 

and dependent upon the mean of the chosen 

material. It is better to choose parents 

possessing significant gca effects or merely 

based on mean performance. This 

assumption is based on the principle that gca 

effect reflects additive gene action. 

Sometimes, the immediate hybrid may not 

perform well despite both the parents 

possessing high gca effects for a trait, due to 

interaction of the parental gca effects which 

may cause distortions on expectation. The 

reverse trend may also happen with low 

performing parents showing high hybrid 

values than expected. This interaction is 

measured by the sca effects of the hybrids. It 

is to be remembered that interaction effects 
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are not fixable. The point for consideration 

here is to identify the hybrids which could 

be forwarded further for selection in the 

segregating generation and hybrids suitable 

for heterosis breeding. The specific 

combining ability is the deviation from the 

performance predicted on the basis of gca 

(Allard, 1960). According to Sprague and 

Tatum (1942) the specific combining ability 

is controlled by non-additive gene action. 

The sca effect is an important criterion for 

the evaluation of hybrids. 

 

The sca effects calculated of each of 

the hybrids presented in table 3. The sca 

effect for most of the traits was non-

significant in nature. Out of 87 F1 hybrids, 

top ten hybrids were identified based on 

grain yield (q/ha) and there heterosis, gca 

status and their sca effect have been present 

in table 4. Among these top ten hybrids, 

YP 4#07-20 x CI-5 cross showed 

significant positive sca effect (8.82) and 

higher degree of heterosis (53.3%) over 

standard check (Pinnacle) for grain yield 

(67.29 q/ha) and the parents were of high x 

low gca nature. The potentiality of the cross 

from high x low combination is attributed to 

the interaction between dominant alleles 

from good general combiner and recessive 

alleles from poor combiner (Senthil and 

Bharathi, 2009). In general, the good 

specific combiners for different characters 

involved parents with high x high, high x 

low, low x high and low x low general 

combinations. In majority of the cases, the 

crosses exhibiting high sca effect were 

found to have both or one of the parents as 

good general combiner for the characters 

studied (Vinay Kumar et al, 2011). 
 

 

CONCLUSION 

Two factors are considered important 

for the evaluation of an inbred line in the 

production of hybrid maize; characteristics 

of the line itself and behavior of the line in a 

particular hybrid combination. As 

performance of hybrid can be subdivided 

into two categories i.e., general and specific 

combining ability (Rojas and Sprague, 

1952), superiority of a line on the basis of 

combining ability estimates can only be 

decided precisely after knowing the purpose 

of a certain breeding programme whether, it 

is to develop high yielding OPV’s (open 

pollinated varieties) or the superior 

combinations of hybrids. Lines which had 

higher gca effects can be used in synthetic 

variety development more effectively. 

However, when high yielding specific 

combinations are desired, especially in 

hybrid maize development, sca effects could 

help in the selection parental material for 

hybridization. From the above investigation 

we can conclude that YP 4#07-20 x CI-5 

was found to be a good specific combiner 

and can be used as a potential single cross 

hybrid combination and tested further.
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