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Abstract       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. In wheat where 
the final objective of breeding is to obtain homozygous lines, the assessment of 
general combining ability is very important because it expresses the additive 
genes effects and the additive x additive interaction effects, which can be fixed 
in future generations, while the specific combining ability represents the 
dominant epistasis. The present research was under taken to study the general 
and specific combining ability and mode of gene action for grains number and 
weight per spike from a diallel cross of Romanian and Hungarian varieties of 
wheat. Both additive and non-additive dominant effects play an important role in 
the genetic determinism of these two traits at studied genitors, with a 
predominant action of additive effects of 86.83 % for grains number/spike and 
60.89 % for grains weight/spike. The additive effects are strongly correlated 
with the values of the parental forms, suggesting that these genotypes transmit 
faithfully these traits to their offspring. The greatest general combining effect for 
grain number were achieved by Ati and GKHattyu varieties, and GKHattyu and 
Lovrin 34 varieties for grains weight, respectively. These varieties can be used 
in breeding programs in order to obtain segregants with high values of these 
traits.   
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Wheat production can be increased through 

development of productive genotypes/varieties for 

various agro-climatic conditions. One of the important 

breeding strategies is crossing the good general 

combining lines for grain yield and selecting 

transgressive segregants from its resulting segregating 

generations. Information regarding general and specific 

combining ability of wheat genotypes is a prerequisite 

to launch a successful wheat-breeding programme [1]. 

In wheat where the final objective of breeding 

is to obtain homozygous lines, the assessment of 

general combining ability is very important because it 

expresses the additive genes effects and the additive x 

additive interaction effects, which can be fixed in 

future generations, while the specific combining ability 

represents  the dominant epistasis [4; 8]. 

The diallel mating design can be used to 

estimate general combining ability (GCA), specific 

combining ability (SCA) and heritability for a trait in a 

population derived from fixed, or non-random parents 

[6;7]. Conducting the diallel analysis over multiple 

generations can eliminate potential environmental bias 

associated with F1 seed and test for population changes 

and degree of environmental variation in GCA, SCA 

and heritability [11]. 

GCA is an estimate of the average 

performance of a genotype in hybrid combinations, and 

is related to the proportion of additive genetic 

variability. GCA for a particular genotype is measured 

as the deviation of its progeny mean from the mean of 

all the lines used in the trial. SCA estimates how 

progeny from a specific cross perform in relation to 

what would be expected based on the average 

performance of the genotypes involved. The presence 

of relatively large SCA/GCA variance in a diallel 

analysis implies the presence of dominant or epistatic 

gene interactions [10]. 

The present research was under taken to study 

the general and specific combining ability and mode of 

gene action for grains number and weight per spike 

from a diallel cross of Romanian and Hungarian 

varieties of wheat. 
 

Material and Method 
 

Seven wheat varieties were crossed with each 

other in a half-diallel mating design, resulting in 21 

hybrid combinations, equal to p(p - 1)/2, where p is the 

number of parents used. The parents and F1 hybrids 

were grown in a randomized block design with three 
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replications, using plots with two row (2m length) at 25 

x 10 cm. From each plot 20 plants were randomly 

selected for analysis of grains number and grains 

weight/spike. 

The parents and the F1 were analyzed for 

GCA and SCA using a Griffing’s diallel analysis 

(Griffing 1956) method 2 (parents included, reciprocals 

excluded) model 1(fixed effects). Combining ability 

analysis was carried out using method 2, model I as 

suggested by Griffing [5]and presented by Ciulca [2].               
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where:  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; Xj = sum of all 

combinations with parent j; 

X ii(jj)= genotypes values i (j). 

 

Results and Discussions 
 

Based on the data presented in Table 1 it is 

observed that both gene effects have a high significant 

influence on the variability for number of grains/spike 

in F1 hybrids, but the non-additive effects have a 

considerably higher contribution. As such, the report 

GCA/SCA indicates a predominant action (86.83 %) of 

additive effects in the genetic determinism of this trait 

in F1 hybrids. Similar results for this trait have been 

obtained by: Joshi et. al., (2004); Sharma et al., (2005); 

Farook et al., (2006); Kammaludin et. al., (2007); 

Yucel et. al., (2009).

 

Table 1 

Analysis of variance for combining ability of grains number and weight/spike in F1 hybrids 
Source Grains number/spike Grains weight/spike 

of variation SS DF MS F Test SS DF MS F Test 

Total 528.60 108   4.618 108   

GCA 108.87 6 18.14 6.60** 0.824 6 0.137 5.72** 

SCA 196.98 21 9.38 3.41** 1.850 21 0.088 3.67** 

Erorr 222.75 81 2.75  1.944 81 0.024  

                                    GCA/SCA                     1.934                                  1,559 
 

The differences between F1 hybrids in terms 

of grains weight/spike is due to a significant 

contribution of both general and specific combinative 

ability (Table 1), as such both additive and non-

additive dominant effects play an important role in the 

genetic determinism of this trait at studied genitors. 

Based on the report between general and specific 

combining ability, follows that for this set of genitors, 

the additive effects of genes have a significantly higher 

contribution (60.89%) to those non-additive (39.11%), 

for grains weight/spike. 

Table 2 

Effects of general and specific combining ability for grains number/spike in F1 hybrids 
Genitors GCA  SCA effects 

 effects Romulus  Glosa Lovrin 34 Faur GKHattyu Ati 

Nap -0,70 -0,87 3,48* 0,58 1,31 1,62 -0,19 

Romulus 0,70  5,49*** 3,90* -2,20 -4,0400 -1,19 

Glosa -1,8100   -2,79 0,84 -1,82 -0,43 

Lovrin 34 0,58    5,81*** -3,350 -3,730 

Faur -1,7400     0,54 0,35 

GKHattyu 1,38*      1,14 

Ati 1,60**       

GCA- LSD5% =1,12   LSD1% =1,50  LSD0,1% =1,98 

SCA-LSD5% = 2,97 LSD1% = 3,98  LSD0,1% = 5,25 

 

The effects of general combining ability have 

a higher proportion of positive values with amplitude 

of 3.41, from -1.81 in Glosa variety to 1.60 in Ati 

variety (Table 2). The additive effects are strongly 

correlated (r =0.981) with the grains number in the 

parental forms, suggesting that these genotypes 

transmit faithfully this trait to their offspring. The 

greatest general combining effect were achieved by Ati 

(1,60**) and GKHattyu (1,38*) varieties, which have a 

higher potential for transmission of this trait in the 

offspring. These varieties can be used in breeding 

programs in order to obtain segregants with a high 

number of grains/spike. Glosa (-1,81
00

) and Faur (-

1,74
00

) varieties recorded the lowest additive effects in 

the inherited transmission of the respective trait 

The specific combining effects showed 

positive values to an extent of 52% with an amplitude 

(9.85) ranging from -4.04 at Romulus x GKHattyu 

combination to 5,81 at Lovrin 34 x Faur. The highest 

non-additive effects in this generation have been 
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observed in combinations: Lovrin 34 x Faur (5,81***), 

Romulus x Glosa (5,49***) and Nap x Glosa (3,48*). The 

lowest non-additive effects were recorded by: Romulus x 

GKHattyu (-4,04
00

), Lovrin 34 x Ati (-3,73
0
) and Lovrin 

34 x GKHattyu (-3,73
0
). The average values specific 

combining effects are directly proportional with the 

number of grains/spike for the hybrid combinations.

 

Table 3 

Effects of general and specific combining ability for grains weight/spike in F1 hybrids 
Genitors GCA  SCA effects 

 effects Romulus  Glosa Lovrin 34 Faur GKHattyu Ati 

Nap 0.004 -0.262 0.429** -0.3280 0.223 0.030 0.532*** 

Romulus -0.096  0.489** 0.182 -0.2970 -0.080 -0.248 

Glosa -0.1170   -0.137 0.084 -0.159 -0.207 

Lovrin 34 0.110*    0.278* -0.3160 -0.113 

Faur -0.14200     -0.084 0.258 

GKHattyu 0.182**      0.064 

Ati 0.060       

GCA- LSD5% =0.105   LSD1% =0.140  LSD0,1% =0.185 

SCA-LSD5% = 0.277 LSD1% = 0.372  LSD0,1% = 0.490 
 

Maximum amplitude of differences between 

the effects of general combining ability was 0,324, 

from –0,142 g for Faur variety to 0,182 in GKHattyu 

variety (Table 3). The mean effects of general 

combining ability are positive correlated with the 

values of spike yield in parental forms (r=0.909).  The 

additive effects presents a statistically assured value for 

GKHattyu and Lovrin 34 varieties, which have a major 

influence on increasing grain weight when using as 

genitors, while for Glosa and Faur varieties significant 

negative values were recorded . 

 Regarding to the effects of specific combining 

ability for grains weight/spike it is noted that each 

cross highlights a different reaction, 52% of them 

having negative values, due to an amplitude of 0.86, 

given that the average non-additive effects are strongly 

correlated with the values of this trait in hybrid 

combination (r=0.845). The highest positive non-

additive effects have been found in hybrids: Nap x Ati 

(0,532***), Romulus x Glosa (0,489**), Nap x Glosa  

(0,429**) and Lovrin 34 x Faur (0,278*). The highest 

negative effects were observed at hybrids: Nap x Lovrin 

34 (-0,328
0
),  Lovrin 34 x GKHattyu (-0,316

0
) and 

Romulus x Faur (-0,297
0
). 

 

Conclusions 
 

1. Both additive and non-additive dominant effects 

play an important role in the genetic determinism of 

these two traits at studied genitors, with a predominant 

action of additive effects of 86.83 % for grains 

number/spike and 60.89 % for grains weight/spike. 

2. The additive effects are strongly correlated with the 

values of the parental forms, suggesting that these 

genotypes transmit faithfully these traits to their 

offspring. 

3. The greatest general combining effect for grain 

number were achieved by Ati and GKHattyu varieties, 

and GKHattyu and Lovrin 34 varieties for grains 

weight, respectively. These varieties can be used in 

breeding programs in order to obtain segregants with a 

high values of these traits. 

4. The highest non-additive effects for grains number 

have been observed in combinations: Lovrin 34 x Faur, 

Romulus x Glosa and Nap x Glosa. The highest positive 

non-additive effects for grains weight have been found 

in hybrids: Nap x Ati, Romulus x Glosa , Nap x Glosa  

and Lovrin 34 x Faur . 
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