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A study was undertaken to estimate combining ability effects in maize for different characters in a line x tester programme
comprising 70 hybrids produced by crossing 14 lines and 5 testers. The interaction of line x tester was highly significant for
twelve traits studied except for protein content. Significant general and specific combining ability variance were observed for all
characters except protein content. The variance due to SCA was higher than GCA indicating the predominance of non-additive
type of gene action. The ratio of GCA:SCA variance was lower than unity for all characters indicating predominance of non -
additive gene action over additive gene action. Among the lines, genotype QPM 3 was found to be the best general combiner
with better mean performance for most yield contributing traits followed by QPM 1 and QPM 187. Among the testers, T 323-8
was found to be the best general combiner with better mean performance for most of the yield contributing traits followed by T
209 and T 295 genotypes. Among the crosses, QPM 35 x T 295 was superior with positive significant SCA effects and better
mean performance for grain yield and plant height. Similar superior positive significant SCA effects with better mean
performance were also observed in QPM 6 x T 295 (ear length, test weight and grain yield per plant) and QPM 43 x T 193-2

(ear length and grain yield per plant).
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Introduction

Maize (Zea mays L.) is the third most important
cereal crop of India after rice and wheat. It is a
member of grass family Poaceae, tribe Maydeae and
is highly cross pollinated crop. It has assumed greater
significance due to its demand for food, feed and
industrial utilization. Nearly 49 % of the maize
produced is being utilized as raw material in the
poultry feed industry. Maize being a C-4 plant and
fertilizer responsive has very high yielding ability
coupled with higher amount of cross pollination.
Hence, offers tremendous scope for the plant
breeders for genetic improvement. Single Cross
Hybrid cultivars have played a vital role in increasing
acreage and productivity of maize. Combining ability
is the relative ability of a genotype to transmit its
desirable performance to its progenies. Combining
ability analysis is not only the quickest method of
understanding the genetic nature of quantitatively
inherited traits, but also gives essential information
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about the selection of parents which in turn throws
better segregants. The variance due to general
combining ability (gca) is usually considered to be an
indicator of the extent of additive type of gene action,
whereas specific combining ability (sca) is taken as
the measure of non- additive type of gene actions.
The present study was undertaken to estimate the
combining ability of parents and hybrids, nature and
magnitude of gene action for total protein, yield and
yield components in maize by adopting Line x Tester
analysis. The combining ability variance analysis was
based on the method developed by Kempthorne
(1957).

Material and Methods

Experimental material comprised fourteen lines and
five testers. The testers were crossed with each line
and thus 70 F;s were produced. The nineteen parents
along with 70 F;s were grown in randomized
complete block design with two replications at Zonal
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Agricultural Research Station, Mandya.Each entry
was planted in two row of 4.5 m length with a
spacing of 75 cm between rows and 30 cm between
plants. Recommended cultural practices were
followed to raise a good crop. Observations were
recorded on twelve quantitative characters. Data
related to days to 50% tasseling and days to 50%
silking were recorded on plot basis while data related
to other characters were recorded on five randomly
selected plants leaving border plants of each row. The
mean of five plants was used for all statistical
analysis and the data was subjected for analysis of
general and specific combining ability analysis as per
the procedure of Kempthorne (1957).

Results and Discussion

The analysis of variance revealed significant
differences among the parents and hybrids for all the
traits studied. Variance due to lines was highly
significant for all the characters except for protein
content and Variance due to testers was highly
significant for all the characters except for ear
diameter, kernel rows per cob, grain yield per plant
and protein content. Variance due to interaction
effects of lines and testers were highly significant for
all the characters except for protein content (Table 1).
Obviously due to the diverse nature of the line and
testers the crosses between them were also found to
be significant for all the characters. The significant
variance of line x tester interaction indicated the
importance of specific combining ability. The mean
squares due to lines were of a larger magnitude than
those of testers and line x tester for all characters
except protein content indicating greater diversity
among the lines than the testers. The non -
significance of protein content in genotypes studied
could be because of the reason that all QPM lines
have the same source of gene controlling protein
content in Maize i.e.,Opaque 2.

The magnitude of specific combining ability
variances was much greater than those of general
combining ability variances for all the characters,
which indicated the pre-ponderance of non-additive
gene action for all the characters observed. The role
of non additive gene action for grain yield and other
traits have been reported earlier by Prasad and
Pramod Kumar (2003), Subramaniyan and
Subbraman (2006), Jayakumar and Sundram (2007),
Vijayabharathi et al., (2009) and Premlatha et al.,
(2011).

The GCA effect of parents is presented in Table 2.
The estimates of GCA showed that all the lines have
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exhibited positive and significant GCA effects for
days to 50% tasseling, ear length and grain yield per
plant. QPM 5, QPM 8, QPM 34, QPM 43, QPM 44,
QPM 174, QPM 180 andQPM 187 have positive and
significant GCA effects for days to 50% silking. All
the lines exhibited positive and significant GCA
effects except QPM 187, QPM 43, QPM 1 and QPM
6 for plant height, number of kernels per row, test
weight and shelling per cent respectively. All the
lines except QPM 5, QPM 6, QPM 35 and QPM 174
exhibited positive and significant gca effects for ear
diameter. For protein content lines viz.,, QPM 3,
QPM 5, QPM 174, QPM44, QPM 1, QPM 180, QPM
8 and QPM 34 exhibited positive and significant
SCA effects at 1% level of significance while, lines
viz.,, QPM 35 and QPM 6 exhibited positive and
significant SCA effects at 5% level of significance,
remaining lines did not exhibit significant effect with
respect to this trait. Among fourteen lines QPM 3,
QPM 1 and QPM 187 were the best general
combiners since they exhibited high GCA effects for
maximum number of characters. Among the testers,
T 323-8, T 209 and T 295 were observed best
combiners for most of the traits i.e., for Days to 50%
tasseling, plant height, number of kernel rows per
cob, number of kernels per row, test weight, shelling
per cent and grain yield per plant. With respect to ear
length and ear diameter T 193-2 and T295 were
found to be the best combiners. T 323-8 and T 586
were the best combiners for protein content.

Three best crosses with significant SCA effects for
various traits along with per se performance and
GCA effects of parents involved in the crosses are
listed in Table 3. Most of the crosses selected on the
basis of significant SCA effects also had high per se
performance. Among 70 crosses, many of the crosses
were ranked as top crosses for one or more
characters. None of the crosses was found desirable
simultaneously for all the characters i.e., different
crosses expressed significant SCA effects for
different characters. However, out of 70 crosses, 32
crosses had shown highly significant positive SCA
effects for grain yield. Among them QPM 35 x T 295
(2.36), QPM 6 x T 295 (2.12) and QPM 43 x T 193-2
(2.09) expressed maximum SCA effects along with
high per se performance for grain yield per plant. The
crosses which exhibited significant desirable SCA
effects were QPM 174 x T 295 for days to 50 per
cent tasseling, QPM 174 x T 295 for days to 50 per
cent silking, QPM 3 x T 209 for plant height and
QPM 45 x T 295 for ear height. These combinations
of inbreds are useful in development of F1 hybrids.
Similarly while considering cob and grain characters,
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the crosses viz., QPM 6 x T 295 (cob length), QPM 3
x T 209 (cob diameter), QPM 3 x T 209 (grain rows
per cob), QPM 44 x T 193-2 (grains per row) and
QPM 35 x T 586 (100 grain weight) and QPM 35 x
T 193-2 (Shelling per cent). QPM 35 x T 209
(11.89), QPM 180 x T 295(11.92) and QPM 180 x T
193-2 (11.90) expressed maximum SCA effects along
with high per se performance for total grain protein
content. Pal and Prodhan (1994), Rao et al., (1996),
Mahto and Gunguli (2003), Malik et al., (2004),
Premlatha and Kalamani (2009) also found high grain
yield with high SCA.

Conclusion

Three crosses namely, QPM 35 x T 295, QPM 6 x T
295 and QPM 43 x T 193-2 that’s showed high SCA
effects for grain yield and these cross involved
parents having positive and significant GCA effects.
These lines can be exploited for the development of
single cross hybrids as non-additive gene action was
observed for most of the traits in these lines. Further
they can also be used for population improvement
programme through reciprocal recurrent selection for
development of inbreds.

Acknowledgement: The help rendered by the AICRP
on maize programme at ZARS Mandya is greatefully
acknowledged.
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Table 1. Analysis of variance for combining ability under Line x Tester design

Mean Squares

Days to 50 50 per Plant - Ear kernel Test . Grain Protein
Source df % cent height Ear(:ril)ght Ear((!t:}]r;gth diameter  rows per k:r”:g{z weight SZ?!';% yield per content
tasseling silking (cm) (cm) cob P (9) P plant (kg) (%)
Cross 69 9.64**  11.02 ** 716.29**  312.12** 35.57** 5.61** 3.70**  178.63** 28.27**  267.61** 5.01** 0.5331
Line 13 9.70** 13.78**  1653.42**  659.50**  101.65** 16.86** 10.43**  538.38** 49.68**  353.17** 15.30** 0.5944
Tester 4 23* 5.26** 297.30**  260.07** 11.71** 1.07 1.65 49.25** 14.12**  284.69** 1.32 0.6078
I{g;fe: 52 10.18** 10.78** 514.23**  229.28** 20.88** 3.15** 2.18** 98.64** 24.01**  244.91** 2.72** 0.512
Error 88 0.0165 0.0165 61.04 47.23 0.4724  0.335** 0.1971 2.23 5.44 2.92 0.0382 0.0477
GCA 0.0091 0.0041 3.38 1.38 0.2463 0.0413 0.0256 1.34 0.0715 0.3808 0.0384 0.0004
SCA 3.75 4.15 384.78 178.98 20.73 3.20 2.20 105.56 13.92 143.03 2.97 0.2532
GCA/SCA 0.00242  0.000987 0.008807  0.007763 0.01188 0.012878 0.011633 0.012708 0.005135 0.002662 0.0129  0.00158
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Table 2. General combining ability effects of QPM parental lines

Grain
Days to Days to . . Ear Kernel Test . yield Protein
Lines 50% 50% Plarzirt::e)lght Ear((l:ws]l)ght Ear length (cm)  diameter rows Keerr?g\lz weight She'g:;ﬁ per per content
tasseling silking (cm) per cob P (9) [ELan)t (%)
g
QPM 1 -0.26** 0.12 5.96** 7.60%* 2.81%* 0.42** 0.17** 9.12%* 0.14 5.40** 1.21**  0.25**
QPM 3 0.14** 0.12 5.96** 10.50** 6.16** 1.91** 1.37** 12.19** 1.24%* 10.49** 2.19%*  -0.24**
QPM 5 0.74** 1.22%* -20.92** -5.70** 0.98** 0.13 1.67** 4.67** -2.66** 2.99** 0.28**  0.27**
QPM 6 0.94** 0.62 7.46%* -0.90 -0.92** -0.01 0.27** -1.71** 1.54%** -0.76 -0.14**  0.19*
QPM 8 0.54** 0.82* -13.74** -17.70** -3.71%* -1.81** -1.98** -9.11** 1.74** -4.22%* -1.76**  -0.39**
QPM 34 1.74** 1.12** -8.24** -3.10** -4.11** -1.74** -1.13** -11.03** -1.56** 2.47** -1.38**  -0.45**
QPM 35 0.24** 0.72 24.06** 9.96** -2.13** 0.05 -0.33** -3.11** -1.26** -10.37** -1.14**  0.16*
QPM 38 0.24** 0.52 23.06** 12.90** 2.85%* 2.40%* 0.72** 5.32%* 3.74** 2.75%* 1.05%* 0.06
QPM 43 -0.86** -1.28** -4,54%* -5.00** -0.91** -0.90** 0.07 -0.48 -2.46** -7.83** -0.44** -0.07
QPM 44 0.94** 1.32** -9.84** -0.10 -2.57** -1.01**  -0.23** -2.64** -3.06** -9.34** -1.39**  0.22**
QPM 45 -0.26** 0.02 -8.84** -6.10** -3.21** -1.00**  -0.33** -8.10** 1.54%** 4.08** -0.35** 0.04
QPM 174 -1.76** -1.88** -3.94** -2.30** 1.20** 0.03 0.00 3.89** 0.84** 1.37* 0.33**  -0.23**
QPM 180 -1.46** -2.18** 2.06* -0.10 -1.01** -0.24* -1.33** -7.01** -2.56** 1.74%* -0.38**  0.22**
QPM 187 -0.86** -1.28** 1.56 0.10 4.58** 1.76** 1.02** 7.99%* 2.74%* 1.23* 1.91** -0.01
Testers
T 209 0.21** 0.32 4.94** 3.47%* 0.58** -0.03 0.32** -0.19 -1.11** 0.82* 0.11** -0.08
T 295 0.32** 0.43 -2.02** 0.54 0.51** 0.32%* 0.17** 0.95** 0.46** -2.21** 0.17** 0.01
T 586 -0.07* -0.07 -2.63** -4.94** -0.09 -0.04 -0.06 -1.07** 0.14 -3.78** -0.33**  -0.18**
T 193-2 -0.04 -0.00 1.73** 0.43 -1.03** -0.22**  -0.29** -1.41** -0.21 0.65 -0.11** 0.04
T 323-8 -0.43** -0.68 ** -2.02** 0.50 0.04 -0.03 -0.14** 1.72** 0.71** 4.52%* 0.17**  0.21**
751
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Table 3. Crosses with desirable sca, gca effects and per se performance of parents for various characters
iNQPM Maize hybrids

Characters Significant crosses sca effects gca effects Perse performance

Line Tester Fi Line Tester

Days to 50% tasseling QPM 174 x T 295 -5.02** -1.76%* 0.32** 58.00 67.00 67.00
QPM 35 x T 323-8 -4.27%* 0.24** -0.43**  60.00 67.00 68.00

QPM 38 x T 323-8 -3.77** 0.24** -0.43**  60.50 69.00 68.00

Days to 50% silking QPM 174 x T 295 -5.23** -1.88** 0.43 61.50 71.50 71.00
QPM 35 x T 323-8 -5.22** 0.72 -0.68**  63.00 70.50 71.50

QPM 3 x T 193-2 -3.8** 0.12 -0.00 64.50 71.00 70.50
Plant height (cm) QPM 3 x T 209 37.76** 5.96** 494** 21700 14150 151.30
QPM 45 x T 295 29.52** -8.84**  -2,02** 187.00 102.00 107.50
QPM 35 x T 295 27.12** 24.06**  -2.02** 21750 15050 107.50

Ear height (cm) QPM 45 x T 295 19.46** -6.10** 0.54 94.50 45.50 40.50
QPM 43 x T 295 17.36** -5.00** 0.54 93.50 63.50 40.50

QPM 3 x T 209 16.43** 10.50**  3.47** 111.00 66.00 71.65

Ear length (cm) QPM 6 x T 295 6.07** -0.92** 0.51** 19.57 18.19 12.16
QPM 43 x T 193-2 5.67** -0.91** -1.03** 17.64 11.06 12.18

QPM 44 x T 323-8 5.37** -2.57** 0.04 16.75 11.06 11.50

Ear diameter (cm) QPM 3 x T 209 2.88** 1.91** -0.03 18.08 10.50 12.25
QPM 35 x T 586 2.8%* 0.05 -0.04 16.13 12.25 14.75

QPM 174 x T 323-8 2.06** 0.03 -0.03 15.38 14.06 10.75

kernel rows per cob QPM 3 x T 209 2.98** 1.37** 0.32 19.00 14.00 12.75
QPM 187 x T 586 2.21%* 1.02** -0.06 17.50 14.25 16.00

QPM 180 x T 323-8 2.14%* -1.33**  -0.14**  12.00 13.00 12.00

kernels per row QPM 44 x T 193-2 15.02** -2.64**  -1.41**  37.38 22.75 22.75
QPM 35 x T 586 13.15** -3.11 -1.07**  35.38 27.50 19.00

QPM 44 x T 323-8 11.39** -2.64** 1.72%* 36.88 22.75 18.25

Test weight(g) QPM 35 x T 586 6.76** -1.26** 0.14 33.50 25.00 35.00
QPM 44 x T 209 6.31** -3.06**  -1.11**  30.00 29.00 29.50

QPM 6 x T 295 6.14** 1.54** 0.46** 36.00 18.50 27.50

Shelling per cent QPM 35 x T 193-2 15.4%* -10.37** 0.65 73.25 72.19 33.26
QPM 43 x T 323-8 14.66** -7.83** 4.52%* 78.92 66.02 69.98

QPM 38 x T 295 14.36** 2.75%* -2.21**  82.47 65.57 60.32

Grain yield per plant (kg) QPM 35 x T 295 2.36%* -1.14** 0.17** 102.60  65.00 40.00
QPM 6 x T 295 2.12%* -0.14** 0.17** 11780 22.20 40.00

QPM 43 x T 193-2 2.09** -0.44**  -0.11** 10560  75.60 18.80

Protein content (%) QPM 35 x T 209 1.06** 0.16* 0.04 11.89 11.00 9.28

QPM 180 x T 295 0.94** 0.22** 0.01 11.92 8.74 9.10

QPM 180 x T 193-2 0.89** 0.22** 0.04 11.90 8.74 11.13
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