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ABSTRACT: Combining ability analysis was conducted in newly developed inbred lines in maize (Zea mays L.). 
Twenty lines were crossed with 3 testers in Line × Tester (L × T) mating design during Kharif, 2012. The resulting 60 
crosses along with parents and standard checks DHM 117, 900M Gold and NK 6240 were evaluated in a randomized 
Block Design replicated thrice, during Rabi, 2012-13. Both additive and non-additive gene effects were present in the 
material under study. Variance due to sca was larger than gca variance for all the characters indicating the preponderance 
of non additive gene action in the expression of various traits. Among the parents MRC 14, MRC 4, MRC 9, MRC 8, 
MRC 7 and MRC 6 and tester BML 14 were good general combiners for grain yield and important yield contributing 
characters. The crosses MRC 13 × BML 14, MRC 7 × BML 7, MRC 3 × BML 14, MRC 12 × BML 7 and MRC 14 × 
BML 7 showed high sca effects for grain yield and other important yield component characters. 
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INTRODUCTION  

Maize (Zea mays L.), belonging to the family Poaceae and tribe Maydeae, is one of the most important cereal crops and 
occupies a prominent position in global agriculture after wheat and rice. Among cereals, maize is rich in starch, proteins, 
oil and sucrose, due to which it has assumed significant industrial importance. Maize and its main by-products starch, 
syrup, glucose, gluten and oil are used in diversified industries like alcohol production, textile, paper, pharmaceuticals, 
cosmetic industry, edible oil industry, poultry feed and many chemical industries. Maize protein “Zien” has significant 
quantities of vitamin A, nicotinic acid, riboflavin, vitamin E and phosphorus. Maize oil obtained from germ of kernel is 
rich in polyunsaturated fatty acids and also contains high level of natural anti-oxidants, hence maize oil is ideal for heart 
patients.  The main goal of maize breeding is to obtain new hybrids with high genetic potential for yield and positive 
features that exceed the existing commercial hybrids. The commercial production of hybrids however, depends upon two 
factors viz., the behavior of the line itself and the behavior of line in hybrid combination. The behavior of a line in hybrid 
combination is assessed through the estimation of general combining ability (gca) and specific combining ability (sca) 
effects. Combining ability of the inbred lines is the ultimate factor for determining future usefulness of the lines and helps 
in classifying inbred lines relative to their cross combinations. Combining ability analysis is an important method to 
evaluate the prepotency of cultures to be used in breeding programme and to assess the gene action involved in various 
characters so as to design an appropriate and efficient breeding method. Combining ability analysis provides this 
information and is frequently used by plant breeders to choose parents with a high general combining ability and hybrids 
with high specific combining ability effects. Variance for GCA is associated with additive genetic effects, while that of 
SCA includes non-additive genetic effects, arising largely from dominance and epistatic deviations with respect to certain 
traits. In a systematic breeding program, it is essential to identify superior parents for hybridization and crosses to expand 
the genetic variability for selection of superior genotypes. 
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The Line × Tester mating design as suggested by Kempthorne [8] is an appropriate method to identify superior parents 
and hybrids based on general combining ability and specific combing ability, respectively. 

MATERIALS AND METHODS 

Twenty newly developed inbred lines of maize viz., MRC 1, MRC 2, MRC 3, MRC 4, MRC 5, MRC 6, MRC 7, MRC 8, 
MRC 9, MRC 10, MRC 11, MRC 12, MRC 13, MRC 14, MRC 15, MRC 16, MRC 17, MRC 18, MRC 19 and MRC 20 
were crossed with three testers viz., BML 7, BML 14 and BML 15 during Kharif, 2012. Subsequently, during Rabi, 2012-
13 the resulting 60 F1 crosses along with three standard checks (DHM 117, 900M Gold and NK 6240) and parents (lines 
and testers) were evaluated in randomized block desighn with three replications. Both the crossing and evaluation works 
were carried out at Maize Research Centre, Agricultural Research Institute, Rajendranagar, Hyderabad. Each entry was 
sown in two rows of four meters length with a spacing of 75 cm between rows and 20 cm between the plants. The data on 
twelve quantitative characters namely, plant height, ear height, ear length, ear girth, number of kernel rows per ear, 
number of kernels per row, 100 kernel weight, shelling percentage and grain yield per plant were recorded on five 
randomly selected competitive plants in each replication, whereas days to 50 per cent tasseling, days to 50 per cent 
silking, days to maturity were recorded on plot basis. Combining ability analysis was computed according to the model 
given by Kempthorne [8]. 

RESULTS AND DISCUSSION 
Analysis for combining ability was carried out for yield and yield contributing characters and the mean sum of squares, 
are presented in Table 1. The analysis of variance revealed that genotypes exhibited highly significant differences among 
themselves for all the traits studied. The parents exhibited significant differences   for all the traits indicating greater 
diversity in the parental lines. The crosses exhibited significant differences, indicating varying performance of cross-
combinations. The parents vs. crosses which indicates average heterosis, was also significant for all traits, thus 
considerable amount of average heterosis was reflected in hybrids. When the effects of crosses partitioned into lines, 
testers and line × tester effects, the interaction effects (line × testers) were found to be significant for all the traits under 
study indicating that hybrids differed significantly in their sca effects.       

Table 1. Analysis of variance for combining ability for yield and yield component characters in maize 

 
* Significant at 5 per cent level; ** Significant at 1 per cent level           

              
A comparison of the magnitude of variance components due to gca and sca confirms the gene action in controlling the 
expression of traits. The ratio of GCA and SCA variance for all the traits under study viz., days to 50 per cent tasseling 
(0.05), days to 50 per cent silking (0.07), days to maturity (0.06), plant height (0.14), ear height (0.08), ear length (0.01), 
ear girth (0.08), number of kernel rows per ear (0.17), number of kernels per row (0.02), 100 kernel weight (0.07), 
shelling percentage (0.01) and grain yield per plant (0.01) was less than one which indicates that all these characters were 
predominantly governed by non-additive gene effects (Table 2). Similar findings were reported by Kanagarasu et al. [7] 
for grain yield per plant, cob diameter, cob length, plant height, ear height, 100 grain weight, grain rows per cob, days to 
50 per cent tasseling and days to 50 per cent silking. Ali et al. [1] for number of grain rows per cob and 100-grain weight. 
Kumar et al. [9]] for plant height, days to 50 % tasseling, days to 50 % silking, cob length, cob girth, number of grain 
rows per cob, number of grains per row, 100-grain weight and grain yield per plant.  
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The general combining ability (gca) effects of 20 lines (females) and 3 testers (males) and the specific combining ability 
(sca) effects of 60 hybrids for yield and yield contributing characters were estimated and were presented in Tables 3 and 4 
respectively.  Among the lines, six lines recorded significant negative gca effects, of which MRC 1 recorded the lowest 
significant negative gca effect (-3.67) followed by MRC 6 (-2.78), MRC 4 (-1.78), MRC 7 (-1.56) and MRC 19 (-1.12) 
and one tester, BML 14 (-1.42) recorded the lowest significant negative gca effect indicating that they were good general 
combiners for earliness regarding days to 50 per cent tasseling. Bhavana et al. [2] and Jawaharlal et al. [5] who reported 
the additive gene action for days to 50 per cent tasseling. In respect of days to 50 per cent tasseling, seven hybrids 
recorded significant negative sca effects, among which, MRC 1 × BML 15 recorded lowest significant negative sca effect 
(-3.10). Seven lines recorded significant negative gca effects, among which MRC 1 recorded the lowest significant 
negative gca effect (-3.73) and among the hybrids, four  hybrids recorded significant negetive sca effects, among which, 
MRC 1 × BML 15 recorded the lowest significant negative sca effect (-3.15) regarding days to 50 per cent silking. In 
respect of days to maturity, nine lines recorded significant negative gca effects, Ten hybrids recorded significant negative 
sca effects, among which, MRC 17 × BML 15 and MRC 15 × BML 15 recorded lowest significant negative sca effect. 
Among the lines, eight lines recorded significant positive gca effects, of which MRC 10 recorded highest significant 
positive gca effect (14.68) and one tester, BML 15 (3.90) recorded the significant positive gca effect indicating that they 
were good general combiners for tallness. Two hybrids recorded significant positive sca effects, among which MRC 16 × 
BML 15 recorded highest significant positive sca effect (8.36) for this trait.  These results are comparable with findings of 
Jagadish Kumar et al. [4], Ram Reddy et al. [11] and Sunil Kumar et al. [12] who reported the non-additive gene action 
for plant height. 

Table 2. Estimation of gca and sca variance for yield and yield component characters in maize 

 
Table 3. Estimates of general combining ability (gca) effects for lines and testers for yield and yield component 

characters in Maize 
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Table 4. Estimates of specific combining ability (sca) effects for single crosses for yield and yield component 
characters in maize 

 

                      * Significant at 5 per cent level; ** Significant at 1 per cent level 
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For ear height, six lines and tester, BML 15 (6.47) recorded significant positive gca effects and hybrid, MRC 10 × BML 7 
(20.97) recorded the highest significant positive sca effect. In respect of ear length, five lines recorded significant positive 
gca effects, of which MRC 4 recorded highest significant positive gca effect (1.33) and three hybrids recorded significant 
positive sca effects. Three lines and testers, BML 14 and BML-7 recorded the significant positive gca effect for ear girth. 
Hybrid, MRC 5 × BML 14 (0.75) recorded the highest significant positive sca effect and is the best specific cross for ear 
girth. Four lines and two testers recorded significant positive gca effects for number of kernel rows per ear. These results 
are comparable with findings of Jawaharlal et al. [5] and Mohammad et al. [10] who reported the additive gene action for 
number of kernel rows per ear. Two hybrids, MRC 8 × BML 14 (1.05) and MRC 4 × BML 14 (0.76) are considered as 
better crosses for number of kernel rows per ear. Six lines recorded significant positive gca effects, of which (MRC 4) 
recorded the highest significant positive gca effect (3.09) where as the tester BML 15 (1.38) recorded the highest 
significant positive gca effect and among the hybrids, nine hybrids recorded significant positive sca effects, of which 
MRC 3 × BML 14 recorded the highest significant positive sca effect (3.92) for number of kernels per row. The line MRC 
14 recorded the highest significant positive gca effect (4.23) and tester, BML 14 (3.11) recorded the highest significant 
positive gca effect for 100-kernel weight. Five hybrids recorded significant positive sca effects, among which MRC 14 × 
BML 7 recorded the highest significant positive sca effect (4.00) for 100-kernel weight. For shelling percentage four lines 
recorded significant positive gca effects, of which MRC 4 recorded the highest significant positive gca effect (2.37) and 
tester, BML 14 (0.65) recorded the highest significant positive gca effect. Among the hybrids, seven hybrids recorded 
significant positive sca effects, of which MRC 5 × BML 15 recorded the highest significant positive sca effect (3.35) 
which is considered as potential specific cross for shelling percentage. These results are comparable with findings of 
Jayakumar et al. [6] who reported the non-additive gene action for shelling percentage. In respect of grain yield per plant, 
lines MRC 14, MRC 4, MRC 9, MRC 8, MRC 7, MRC 6, MRC 15, MRC 18 and  MRC 5 and tester BML 14 which 
recorded significant positive gca effects are considered as good combiners for grain yield per plant. Fourteen hybrids 
recorded significant positive  sca effects, of which, MRC 13 × BML 14 recorded the highest significant positive sca effect 
(23.64)  followed by MRC 7 × BML 7 (22.38), MRC 3 × BML 14 (20.91), MRC 12 × BML 7 (20.88) and MRC 20 × 
BML 15 (16.49) regarding grain yield per plant. These results are comparable with the findings of Venugopal et al. [13] 
Gowhar Ali et al. [3], Jawaharlal et al. [5] and Sunil Kumar et al. [12] who reported the non-additive gene action for grain 
yield per plant. 

Among the lines, MRC 4, MRC 6, MRC 7, MRC 8, MRC 9 and MRC 14 can be considered as good general combiners 
and genetically worthy parents as they exhibited desirable gca effects for yield and important yield contributing 
characters. These parents had resulted in the production of superior single crosses. The line MRC 4 was good general 
combiner for days to 50 per cent silking, days to 50 per cent tasseling, days to maturity, number of kernel rows, number of 
kernels per row, shelling percentage and grain yield per plant. The line MRC 6 was good general combiner for days to 50 
per cent silking, days to 50 per cent tasseling, days to maturity, ear height and grain yield per plant. The line MRC 7 was 
good general combiner for days to 50 per cent silking, days to 50 per cent tasseling, days to maturity, number of kernels 
per row, plant height and grian yield per plant. The line MRC 8 was good general combiner for ear length, number of 
kernels per row, 100-kernel weight, shelling percentage and grain yield. The line MRC 9 was good general combiner for 
100-kernel weight, shelling percentage and grain yield.  The line MRC 14 was good general combiner for 100-kernel 
weight, shelling percentage and grain yield per plant. Among testers, BML 14 was good general combiner for days to 50 
per cent silking, days to 50 per cent tasseling, days to maturity, number of kernel rows, 100-kernel weight, shelling 
percentage and grain yield per plant. Whereas, BML 15 was good general combiner for days to maturity, plant height, ear 
height and number of kernels per row. Hence, these high yielding parents with good attributes for different yield 
components may be inter-crossed to pool the genes in desirable direction to improve the yield potential. The crosses, 
MRC 13 × BML 14, MRC 7 × BML 7, MRC 3 × BML 14, MRC 12 × BML 7 and MRC 14 × BML 7 can be considered 
as good specific combiners and genetically worthy crosses as they were superior for yield and important yield contributing 
characters. The cross MRC 13 × BML 14 was good specific combiner for 100-kernel weight and grain yield per plant. 
The hybrid MRC 7 × BML 7 was good specific combiner for grain yield per plant.  The cross MRC 3 × BML 14 was 
good specific combiner for number of kernels per row and grain yield per plant. The cross MRC 12 × BML 7 was good 
specific combiner for shelling percentage and grain yield per plant. The cross MRC 14 × BML 7 was good specific 
combiner for shelling percentage, 100- kernel weight and grain yield per plant. Hence, these high yielding hybrids with 
good attributes can be checked under different field trials and can be developed as commercial hybrids.  
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CONCLUSION 

This study revealed that high general combining ability effects for yield and important yield contributing characters were 
noticed in the inbred lines MRC 4, MRC 6, MRC 7, MRC 8, MRC 9, MRC 14 and tester BML 14. These parents had 
resulted in the production of superior single crosses. Hence, these inbred lines have the potential application in the crop 
improvement programmes. High specific combining ability effects for grain yield and important yield contributing 
characters were noticed in the hybrids MRC 13 × BML 14, MRC 7 × BML 7, MRC 3 × BML 14, MRC 12 × BML 7 and 
MRC 14 × BML 7. These crosses may be checked under different field trials and can be developed as commercial hybrids 
or advanced for selfing for the isolation of transgressive segregants or homozygous lines for use in breeding programmes.  
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