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Abstract  When the breeding objective is constituted by quantitative traits, 
especially when we expect transgressions, the choice of parental forms is 
much difficult. Therefore, in practice of creating new cultivars, determination 
of combining ability is the crucial stage. The genetic materials used in this 
study were six inbreed lines and 15 F1 hybrids obtained from a 6 x 6 half-
diallel mating. The objective of this study was to identify the best combiners 
and their crosses on the basis of their general and specific combining ability 
for grains number and weight per ear. In the case of this set of parents, for the 
studied traits the non-additive gene effects have higher contribution to the 
additive ones. The environmental conditions have a significant influence in the 
achievement of grains number and a low influence on grains weight/ear. The 
lines TC208 and K1080 have additive effects that cause an increase in both 
the number of grains/ear and their weight, while at TC209line positive additive 
effects for grains numbers and negative for grains yield/ear are found. In other 
lines, the additive effects are associated with a reduction in the values of the 
two traits. 
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Combining ability is one of the most 

important properties of cultivars, which determines the 

value of hybrids. Numerous researches led to the 

conclusion that between productivity of cultivars and 

simple hybrids, obtained with those cultivars, is not a 

tight enough correlation. Therefore, in practice of 

creating new cultivars, determination of combining 

ability is the crucial stage [9].  

The evaluation of crosses among inbred lines 

is an important step towards the development of hybrid 

varieties in maize [5]. This process ideally should be 

through the evaluation of all possible diallel crosses, 

where the merits of each inbred line can be determined. 

According to Miranda Filho and Gorgulho 

(2001), the term GCA refers to the mean performance 

of each line in cross with the other of the set, and the 

term SCA is interpreted as an effect in the hybrid 

expression that is additional to the GCA effects of the 

parents, which can be positive or negative.  

Combining ability analysis is one of the 

powerful tools in identifying the better combiners 

which may be hybridized to exploit heterosis and to 

select better crosses for direct use or further breeding 

work [8].  Information on the heterotic patterns and 

combining ability among maize germplasm is essential 

in maximizing the effectiveness of hybrid development 

[2].  

It has been established that two valorous 

cultivars do not produce always superior descendents, 

regarding the individual traits or the whole. It has been 

also observed that not all of the crosses between 

cultivars present heterosis. We can talk about good or 

bad combining capacity, manifested by parental forms 

[3]. 

The objective of this study was to identify the 

best combiners and their crosses on the basis of their 

general and specific combining ability for grains 

number and weight per ear. 

 

Material and Method 
 

The genetic materials used in this study were 

six inbreed lines obtained from SCDA Turda (Tc208; 

K1080; Tc 209;T291;T248,Tc344) and 15 F1 hybrids 

obtained from a 6 x 6 half-diallel mating. These 

genotypes were studied in a randomized complete 

block design with 3 replications, with plots composed 

of 30 plants.  

Combining ability analysis was carried out 

using method 2, model I as suggested by Griffing [4].
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u = population mean; gi (gj) = effect of the general 

combining ability for parent i (j); sij = effect of the 

specific combining ability for hybrid between parents i 

şi j; eijkl = environmental effect; X..= sum of all 

combinations; Xi. = sum of all combinations with 

parent i; 
 

The mean squares for GCA and SCA were 

tested against their respective error variances derived 

from ANOVA reduced to mean  level.  

 

Results and Discussions 

 

General combining ability variance indicates 

additive (additive and additive × additive epistasis), 

while specific combining ability variance indicates 

non-additive (dominance and additive × dominance, 

dominance × dominance) genetic variation (Griffing, 

1956; Baker, 1978).  

Based on the data from Table 1 it appears that 

the difference between F1 hybrids in terms of the 

number grains/ear are due to general and as well 

specific combinative capacity in approximately equal 

and significant measure. As such, both the additive 

gene effects and the non-additive dominant or epistatic 

effects have an important role in the genetic 

determinism of this trait for the six studied genitors. 

Based on the report of the general and specific 

combinative ability, it follows that in the case of this 

set of parents, for the number of grains/ear the non-

additive gene effects have higher contribution to the 

additive ones,  without that the difference between 

them being statistically assured. The environmental 

conditions have a significant influence in the 

achievement of this trait at F1 hybrids, besides the 

additive and dominance effects.

 

 

Table 1 

Variance analysis for combining ability of the grain number and yield per ear 

Variability DF Grain number/ear Grain yield/ear 

source  SS MS F Test SS MS F Test 

Total 44 72344   2031.26   

Replications 2 7912 3956 5.36** 31.59 15.80 0.71 

GCA 5 15088 3018 4.09* 675.10 135.02 6.09** 

SCA 9 28661 3185 4.31** 703.55 78.17 3.52* 

Erorr 28 20683 739  621.01 22.18  

                            GCA/SCA                                                        0.95                                               1.73 
 

In the variability of grain weight/ear the non-

additive gene effects of F1 hybrids have a significant 

influence, while the additive effects have also a 

significant but lower contribution. Therefore, the value 

of GCA/SCA ratio indicates a predominant action of 

additive effects in the genetic determinism of that trait 

at F1 hybrids, amid a low influence of the 

environment. 

The TC208 line recorded high and significant 

values of the general combining ability, thus exhibiting 

a high potential for transmission of genes for this trait 

to offspring. The lines TC209 and K1080 have a 

positive and statistically uninsured impact on the 

number of grains in the hybrids. An assured but 

negative combining ability was observed in line TC344 

which acts in the direction of a reduction of the value 

of this trait (Table 2). 

 

Table 2 

Effects of the general and specific combining ability for grain number/ear in F1 hybrids 

Genitors GCA SCA 

  TC209 T291 TC344 T248 K1080 

TC208 21.23*** 62.39*** -2.82 -23.72 11.39 -47.23
00 

TC209 4.69  10.76 -28.74 -44.11
00 

-0.29 

T291 -5.90   2.65 -24.12 13.54 

TC344 -13.85
0 

   36.34* 13.48 

T248 -9.71     20.51 

K1080 3.55      

GCA-- LSD5% =12.31 LSD1% =16.46  LSD0,1% =20.42 SCA-- LSD5% = 32.28 LSD1% = 43.15LSD0,1% = 53.54 
 

Different and insignificant values of the 

correlation coefficients between the number of 

grains/ear and the additive effects of the studied lines, 

reveals that there is no association between the 

behavior of these lines and their general combining 

ability (Lafitte and Edmeades, 1995). 

In terms of the effects of specific combinative 

ability for the grains number/ear it is observed that 

every hybrid combination highlights a different 
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reaction, the magnitude of these effects was 109.62. 

The highest average effects were encountered in the 

following hybrid combinations: TC208 x TC209 

(62.39), TC344 x T248 (36.34), T248 x K1080 (20.51), 

while the lowest effects were found in the hybrids: 

TC208 x K1080 (-47.23
00

), TC209 x T248 (-44.11
00

), 

TC209 x TC344 (-28.74). Generally the effects of 

specific combining ability have different signs and 

values, indicating that the non-additive effects for the 

number of grains/ear of these combinations have a low 

stability. 

The effects of general combining ability of 

yield/ear submit balanced positive and negative values, 

with amplitude of variation between 4.70 in TC208 

line and -1.97 for T291 line. Given the significance 

values of the combining ability values for yield/ear it is 

observed that the line TC208 manifest the most 

valuable additive effects while at TC344 line the 

additive effects cause a decrease of grain weight/ear. 

 The effects of specific combining ability for 

yield/ear had different values, mostly negative and 

statistically uninsured with an amplitude of variation 

between 6.66 at T248 x K1080 hybrid and -8.94 in 

TC208 x K1080 combination. As such, the gene effects 

involved in the inheritance of this trait at K1080 line in 

hybrids have a reduced stability, being strongly 

influenced by the gene effects of the other genitor.

 

Table 3 

Effects of the general and specific combining ability for yield/ear in F1 hybrids 

Genitors GCA SCA 

  TC209 T291 TC344 T248 K1080 

TC208 4.70*** 2.76 3.96 -0.28 2.50 -8.94
000 

TC209 -0.95  -1.24 -1.34 -1.42 1.99 

T291 -1.97   2.80 -1.91 -3.61 

TC344 -1.86    -5.08
0 

3.89 

T248 -1.70     6.66** 

K1080 2.00      

GCA-- LSD5% =2.59 LSD1% =3.45  LSD0,1% =4.29  SCA-- LSD5% = 4.78  LSD1% = 6.39 LSD0,1% = 7.93 

 

The highest average non-additive effects 

involved in the determinism of grain weight per ear 

were recorded for the following combinations: T248 x 

K1080 (6.66); TC208 x T291 (3.96) şi TC208 x TC209 

(2,76).  Also, reduced non-additive effects have been 

reported in the case of combinations: TC208 x K1080 

(-8.94); TC344 x T248 (-2,82) şi T291 x K1080 (-

3.61).

 

T248

TC344 T291

TC209

K1080

TC208

-3

-2

-1

0

1

2

3

4

5

6

-20 -15 -10 -5 0 5 10 15 20 25

GCA-Gn/E

G
C

A
-Y

/E
 .

 

Fig. 1. General combining ability of the studied inbreeds lines for grain number and yield per ear 
 

Taking into account the cumulative values of 

general combining ability for the two traits (Fig. 1),  

resulting that the lines TC208 and K1080 have additive 

effects that cause an increase in both the number of 

grains/ear and their weight, while at TC209line 

positive additive effects for grains numbers and 

negative for grains yield/ear are found. In other lines, 
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the additive effects are associated with a reduction in 

the values of the two traits. 

 

Conclusions 

 
1. In the case of this set of parents, for the 

number of grains/ear the non-additive gene effects 

have higher contribution to the additive ones,  without 

that the difference between them being statistically 

assured. The environmental conditions have a 

significant influence in the achievement of this trait at 

F1 hybrids, besides the additive and dominance effects. 

2. In the variability of grain weight/ear the 

non-additive gene effects of F1 hybrids have a 

significant influence, while the additive effects have 

also a significant but lower contribution. Therefore, the 

value of GCA/SCA ratio indicates a predominant 

action of additive effects in the genetic determinism of 

that trait at F1 hybrids, amid a low influence of the 

environment. 

3. The lines TC208 and K1080 have additive 

effects that cause an increase in both the number of 

grains/ear and their weight, while at TC209line 

positive additive effects for grains numbers and 

negative for grains yield/ear are found. In other lines, 

the additive effects are associated with a reduction in 

the values of the two traits. 

4. In terms of the effects of specific 

combinative ability for both traits it is observed that 

every hybrid combination highlights a different 

reaction, however the combination T248 x K1080 

submit a high value for the breeding programs.  
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