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Abstract: Heterosis and the nature and combining ability was studied in 7 × 7 diallel cross in maize for grain
yield and yield contributing characters. The significant estimates of GCA and SCA variances suggested the
importance of both additive and non-additive gene actions for the expression studied traits. Preponnderance
of additive gene action was noticed for ear diameter and 1000-kernel weight and the other characters were
preponderantly controlled by non-additive type of gene action. Standard heterosis ranged from -17.60 to 9.71%;
-20.41 to 8.04%; -13.89 to 7.54% and -6.17 to 14.48% for yield per plant, number of kernels per ear, length of ear,
ear diameter and 1000-kernel weight, respectively. Kernel weight showed maximum heterotic contribution to
high yield. The parent Q  was the best general combiner showing significant positive GCA effect for grain yield7

and all the yield components and also simultaneously possessed high mean values indicating that per se
performance of the parent could prove as an useful index for combining ability. Parents Q  Q and Q  were1, 4 5

found suitable for higher number of kernels and Q and Q  were desirable for bold kernels. The cross1 7

combinations those exhibited significant sca effects for yield involved average × average and average × high
GCA parents. Crosses Q  × Q , Q  × Q , Q  × Q  and Q  × Q  possessed significant high sca effects as well as2 3 4 6 1 7 6 7

high heterosis for yield could be used in hybrid development.
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INTRODUCTION types of hybrids, which exhibit high heterosis when the

Maize is the world’s most widely grown cereal and is uniformity.
the primary staple food in many developing countries [1]. Heterosis and combining ability is prerequisite for
It is a versatile crop with wider genetic variability and able developing a good economically viable hybrid maize
to grow successfully throughout the world covering variety. Information on the heterotic patterns and
tropical, subtropical and temperate agro-climatic combining ability among maize germplasm is essential in
conditions. In the year 2007, maize was the leading cereal maximizing the effectiveness of hybrid development [3]. In
crop with 38.32% of the world cereal production maize, appreciable percentage of heterosis for yield and
(excluding minor cereals) followed by rice (31.97%) and combining ability were studied by several workers [4, 5, 6].
wheat (29.71%) [2]. In addition to being an economically Combining ability analysis is one of  the  powerful tools
important crop, maize has genetic characteristics that in identifying the best combiners that may be used in
allowed this species to be widely studied, thus crosses either to exploit heterosis or to accumulate
contributing for an understanding of many questions of productive genes. It also helps to understand the genetic
a genetic nature. Given the great economic importance of architecture of various characters that enable the breeder
maize, genetic breeding in this crop is very intense and to design effective breeding plan for future improvement
mostly targated at increasing grain yield. A frequent of the existing materials. Thus a study was undertaken to
method  used  in  maize  breeding  is  to  obtain  inbred estimate the nature and magnitude of gene action and to
lines that are later crossed in order to develop different explore suitable heterotic hybrid combinations. 

inbred lines are complementary and also have high
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MATERIALS AND METHODS RESULTS AND DISCUSSION

Seven  inbred  lines  of  maize  namely  CML 487 (Q ), The analysis of variance for genotypes and1

Ki  32  (Q ),  CLG  1837  (Q ),  Ki  42  (Q ),  Tzi  24 (Q ), combining  ability  (GCA  and  SCA)  are  presented  in2 3 4 5

CML 480 (Q ) and CML 223 (Q ) were crossed in a 7 × 7 Table 1. Highly significant differences among the6 7

diallel fashion (excluding reciprocals) to obtain 21 F genotypes for all the characters indicated the presence of1

hybrids  in  the  kharif  II   (rainy)   season   of  2005-06 sufficient genetic variability. The magnitude of mean
with  polyethele  sheed  at  the research farm of squares for general and specific combining abilities for
Bangladesh  Agricultural   Research   Institute, different characters indicated significant differences
Joydebpur,  Gazipur.  In  the  following  rabi  (winter) among the GCA as well as SCA effects. General
season 2006-07, all the hybrids along with respective combining ability variance ( g) indicates additive
parents  and   a   commercial   hybrid   check  variety, (additive and additive × additive epistasis), while specific
Pacific  11  were  grown  at  the  same   farm  following combining ability variance ( s) indicates non-additive
alpha   lattice design    [7]   with   three   replications. (dominance and additive × dominance, dominance ×
Each plot comprised of 2 rows of 5 m long. Spacing dominance) genetic variation [9, 11]. Significant estimates
adopted was 75 × 20 cm between rows and hills, of GCA and SCA variances suggested the dominant role
respectively. One healthy seedling per hill was kept after of both additive and non-additive gene actions for the
proper thinning at two weeks after germination. Fertilizers expression of the characters studied. The result is
were applied @ 250, 120, 120, 40 and 5 kg/ha of N, P O , supported  by  Nass  et  al.  [6, 12]. The presence of2 5

K O, S and Zn, respectively. Standard agronomic marked additive and non-additive gene effects indicated2

practices were followed and plant protection measures the need for exploiting both fixable and non-fixable
were taken when required to ensure normal growth and components of genetic variance for increasing
development of the plants. Ten randomly chosen productivity in maize.
competitive plants (5 from each row in a plot of each The ratio of the components revealed that GCA
genotype in each replication) excluding any plant variance was much higher than SCA variance for ear
surrounding by a missing hill and border plants were used diameter, indicates predominance of additive gene effect
for recoding observations on kernel yield per plant (g), ear for this traits. The higher magnitude of non-additive gene
length (cm), ear diameter (cm), number of kernels per ear effects was observed for most of the yield components
and 1000-kernel weight (g). like ear length and number of kernels per ear and kernel

Standard heteross (against the standard check hybrid weight. The grain yield was predominantly controlled by
variety) was estimated and tested according to Singh and non-additive gene action (dominance and epistasis). This
Singh [8]. Combining ability analysis was carried out result is in agreement with those of Khotyleva et al. [13],
following Model I and Method 2 described by Griffing [9] Mathur and Bhatnagar [14], Zelleke [15], who reported
using CropStat [10] software programme. The mean predominant role of non-additive gene actions for kernel
squares for GCA and SCA were tested against their yield in maize. Hussain et al. [16] also reported
respective error variances derived from ANOVA reduced predominance of non-additive gene action for number of
to mean level. kernels per ear in maize. 

2

2

Table 1: Analysis of variance for genotypic difference and combining ability of yield and different yield contributing characters in maize.

Mean of squares

---------------------------------------------------------------------------------------------------------------------------------------------------------

Source of variation df Yield/  plant (g) Kernels/ ear (no.) Ear length (cm) Ear dia-meter (cm) 1000-kernel weight (g)

Genotypes 28 358.77** 7329.53** 3.23** 0.13** 1132.80**

GCA 6 186.26** 3125.22** 0.89** 0.10** 1810.21**

SCA 21 432.70** 9131.38** 4.24** 0.15** 842.49**

Error 56 51.94 87.10 0.21 0.02 36.24

g/ s 0.13 0.13 0.17 1.14   0.242 2

**Significant at p=0.01 
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Table 2: Estimates of GCA effects and mean performance (in parenthesis) of parents for yield and different yield contributing traits in maize.

Parent/  inbred lines Yield/ plant (g) Kernels/ ear (no.) Ear length   (cm) Ear dia- meter (cm) 1000-kernel weight (g)

Q 2.19 (70.3) 16.20** (324.7) 0.21 (13.5) 0.03 (4.3) 5.70** (298.7)1

Q -2.32 (91. 6) -15.07** (353.3) 0.18 (14.2) -0.10* (4. 6) 13.09** (321.1)2

Q -3.33 (80.2) -9.67** (341.3) -0.19 (14.2) 0.02 (4.3) -7.31** (258.9)3

Q -1.03 (95.5) 12.93** (337.3) -0.16 (14.6) -0.09* (4.4) 2.41 (320.1)4

Q 1.13 (101.7) 9.47** (376.7) -0.09 (14.8) 0.07* (4.7) -17.00** (294.2)5

Q -3.07 (77.3) -19.47** (319.3) -0.30* (14.0) -0.04 (4.4) -7.58** (301.8)6

Q 6.44** (105.6) 5.60* (358.0) 0.35* (14.8) 0.11** (4.8) 10.70** (310.6)7

SE (gi) 1.72 2.23 0.11 0.04 1.44
SE (gi-gj) 2.63 3.41 0.17 0.06 2.19
LSD 4.20 5.45 0.24 0.07 3.06(5%)

* and **Significance at p=0.05 and p=0.01, respectively.

Table 3: Estimates of SCA effects for yield and different yield contributing characters in 7×7 parent diallel cross of maize.

Cross combinations Yield/ plant (g) Kernels/  ear (no.) Ear length (cm) Ear dia- meter (cm) 1000-kernel weight (g)

Q  × Q 6.75 37.87**  0.68** 0.24** 2.101 2

Q  × Q -15.61** -83.87** -1.82** -0.18** -32.40**1 3

Q  × Q -1.91 -18.13** -0.78** 0.10 -8.82**1 4

Q  × Q 1.70 1.33 0.54* -0.09 16.73**1 5

Q  × Q 3.80 24.27** 0.15 -0.08 6.28**1 6

Q  × Q 8.26* 38.53** 1.24** 0.01 16.10**1 7

Q  × Q 21.28** 87.07** 1.21** 0.26** 13.34**2 3

Q  × Q -21.52** -84.20** -1.56** -0.34** -12.98**2 4

Q  × Q 5.22 41.27** 0.68** 0.01 4.972 5

Q  × Q -8.31** -14.47** -1.08** 0.05 -7.78*2 6

Q  × Q -3.42 -67.53** 0.07 -0.23** 0.342 7

Q  × Q 7.33* 28.40** 1.48** 0.04 14.19**3 4

Q  × Q 2.16 11.20* 0.28 -0.04 13.40**3 5

Q  × Q -10.47** -43.87** -0.84 -0.14 -15.82**3 6

Q  × Q -4.61 1.07 -0.29 0.05 7.27*3 7

Q  × Q 2.46 8.60 0.04 -0.01 -12.88**4 5

Q  × Q 17.06** 60.20** 1.58** 0.37** 24.26**4 6

Q  × Q -3.35 5.13 -0.76** -0.18* -3.784 7

Q  × Q -9.86* -55.67** -0.55* -0.22** -4.625 6

Q  × Q -1.67 -6.73 -1.00** 0.34** -17.60**5 7

Q  × Q 7.79* 29.53** 0.74** 0.01 6.32*6 7

SE (gi) 3.39 4.39 0.21 0.07 2.83
LSD 7.27 9.41 0.45 0.15 6.07(5%)

* and **Significance at p=0.05 and p=0.01, respectively.

The genetic control of different yield components is and low combiners based on their effects. Parents with
finally projected through kernel yield. Therefore, non- desirable GCA effect (significantly different from zero)
additive gene action for kernal yield is expected. In were considered as high combiners, while parents
contrast, Mason and Zuber [17] reported the showing insignificant estimates were classified as average
predominance of additive gene action for kernel yield in combiners. Low or poor combiners had significant but
maize. negative (undesirable) GCA effects. The good general

General Combining Ability (GCA) Effects: The estimates for longer ears; Q  and Q  for thick ears; Q , Q , Q and Q
of general combining ability effects and per se for higher number of kernels per ear and Q , Q  and Q  for
performance of the parents are presented in Table 2. In the bold kernels. Positive estimates for these traits are
present study, parents were classified as high, average desirable since they directly contribute to yield in maize.

combiners for major yield determining characters were Q7

5 7 1 4 5 7

1 2 7
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Table 4: Percent standard heterosis (over the commercial check hybrid,   Pacific 11) for yield and different yield contributing characters in 7×7 parent diallel
crosses of maize.

Cross combination Yield / plant (g) Kernels/  ear  (no.) Ear length (cm) Ear  dia- meter (cm) 1000-kernel weight (g)

Q  × Q 3.64** 3.57 3.17* 2.03* 10.88**1 2

Q  × Q -12.11** -18.69** -13.89** -4.05** -6.17**1 3

Q  × Q     -1.33     -1.79  -7.54**     -0.68 4.17**1 4

Q  × Q 2.56 1.28 0.79     -1.35 6.08**1 5

Q  × Q 1.15       0.13     -2.78  -3.38** 5.76**1 6

Q  × Q    8.54**    7.65**    7.54** 1.95*    14.48**1 7

Q  × Q    9.71**    8.04**    3.97**  2.03*    10.33**2 3

Q  × Q -17.60** -20.41** -12.30** -12.16**     -2.89*2 4

Q  × Q 1.89 2.93 1.39 -2.03*  4.72**2 5

Q  × Q -10.07** -13.27** -10.32** -3.38**       3.68*2 6

Q  × Q     -0.36 -18.62** 0.40 -6.08** 11.88**2 7

Q  × Q 1.12 2.17  3.57*     -2.03*  7.28**3 4

Q  × Q     -0.85     -1.79 -3.17*     -0.68       1.003 5

Q  × Q -12.20** -17.86** -11.11** -4.73** -5.14**3 6

Q  × Q     -1.84 -4.46*  -3.97**      2.03* 7.70**3 7

Q  × Q 0.90 2.04  -4.37** -2.03*     -4.14**4 5

Q  × Q     7.91**    6.38** 3.57*    3.38**     10.32**4 6

Q  × Q 0.56 0.64 -6.55**   -4.73**  7.29**4 7

Q  × Q    -8.79** -16.45** -8.73**   -5.41** -4.68**5 6

Q  × Q 3.15     -2.30 -7.54**    8.78**     -3.03*5 7

Q  × Q     6.70**      0.89 3.10*    2.72** 4.64**6 7

Mean -0.83     -3.89     -3.16 -1.58      4.39
Std. Error 1.61 2.06 1.35 0.93      1.32
CD 3.36 4.30 2.81 1.94      2.75(0.05)

* and **Significance at p=0.05 and p=0.01, respectively.

Parent Q  was the best general combiner for kernel ear, nine crosses expressed significant positive sca effect.7

yield and also showed significant positive GCA effects for For 1000-kernel weight, eight crosses showed their
all the yield components and simultaneously possessed significant positive SCA effects for this trait. 
high mean values indicating that per se performance of Out the 21 F s, five crosses, viz. Q  × Q Q  × Q , Q
the parent could prove as an useful index for combining × Q Q  × Q  and Q  × Q  showed significant positive SCA
ability. Ivy and hawlader [18] and Hussain et al. [16] also effects for kernel yield. These five crosses also possessed
observed the similar phenomenon. The overall study of significant positive SCA effects for other yield
GCA effects suggested that parent Q  was an excellent components like length of ear, kernels per ear and kernel7

general combiner for yield and all the yield contributing weight. The significant positive SCA effects for kernels
traits and could be used extensively in hybrid breeding per ear and kernel weight are more frequently associated
program with a view to increase the yield level. Parent Q , with significant estimates of SCA effects of grain yield.1

Q , Q  and Q  were also good combiner for some of the The positive relationship of SCA effect of kernel yield and2 4 5

important yield components. These parents could be used yield contributory traits were observed by Das and Islam
in breeding program for obtaining higher yield and [19] and Ivy and Howlader [18]. Positive SCA indicate that
desirable traits. lines are in opposite heterotic groups, while negative SCA

Specific Combining Ability (SCA) Effects: The SCA Among these five significant positive SCA crosses, three
effects of the crosses for yield and different yield (Q  × Q , Q  × Q  and Q  × Q ) involved parents with
contributing characters are presented in Table 3. average × average general combiner and two (Q  × Q and
Significant positive SCA effect was observed in eight and Q  × Q ) involved of average × high combiners for yield.
four crosses for length of ear and ear diameter. Significant Roy et al. [4] observed involved of high × high, high ×
positive sca represents dominance and epistatic low, high × average and low × average general combiners
component of variation. In case of number of kernels per for SCA effects of yield in their study. 

1 1 7, 2 3 3

4, 4 6 6 7

effects indicate lines are in the same heterotic group [20].

2 3 4 6 3 4

6 7

1 7
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In general, the GCA effects of the parents were not (1961) reported increased heterosis upto 14.6% for kernel
reflected in the SCA effects of the crosses in most of the yield. Appreciable percentage of heterosis for grain yield
studied traits. This is corroborated with the results of in maize was also reported by several workers [4, 24, 25].
Debnath and Sarker [21], Paul and Debnath [5] and In this study, the maximum heterotic value (14.48%)
Hussain et al. [16]. Besides, Deitos et al. [22] reported was observed for 1000-kernel weight, followed by kernel
that good general combining parent does not always yield (9.71%) and ear diameter (8.78%). It is observed from
show high sca effects in their hybrid combinations. On the results that three crosses viz. Q × Q  Q × Q  and Q

× Q  expressed significant positive heterosis for kernel
of sca from high gca parents in their study. yield coupled with all the other yield components. The

Heterosis: The percent standard heterosis expressed by showed significant positive heterosis for kernel yield and
the F  hybrids over the commercial hybrid check variety, yield associated with length of ear, ear diameter and kernel1

Pacific 11 for yield and different yield contributing weight.
characters are presented in Table 4. The degree of From the study it can be concluded that, parents
heterosis in F  hybrids varied from character to character having good combining ability for yield (Q ); higher1

or from cross to cross. number of kernels per ear (Q  Q  Q  and Q ) and bold
For length of ear, heterosis ranged from -13.89 to kernels (Q  Q  and Q ) could be used as donor for

7.54% for the cross Q  × Q  and Q  × Q . Six crosses obtaining high yield and desirable traits. The cross1 3 1 7

exhibited significant positive heterosis. The cross Q  × Q combination Q × Q Q × Q Q × Q and Q × Q1 7

showed the maximum 7.54% heterosis for this trait. manifested significant high SCA effects coupled with
Debnath [24] and Paul and Debnath [5] reported excellent heterosis and per se performance could
significant positive heterosis for ear length in maize. effectively be exploited in hybrid breeding programme in
Heterosis for ear diameter ranged from -12.16 to 8.78% maize..
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