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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. Therefore, in practice of creating 
new cultivars, determination of combining ability is the crucial stage. Thus, the 
main objective of the present study was to identify the best combiners and 
their crosses on the basis of their general and specific combining ability for 
grain number per spike. Six double haploid lines obtained through “bulbosum 
method” were chosen to suite the statistical model for genetic study. 
Differences that appear between hybrids of studied combinations regarding the 
grain number in main spike are caused in a distinctly significant measure by 
general and as well specific combinative capacity.  Hybrids F1 Greiff x Fundulea 4 
and Alex x GK Gobe, which present high values of specific combinative capacity 
and whose genitors manifest a high general combinative capacity, may be 
introduced in complex hybridization programs for breeding this trait.   
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Choosing a hybridization method depends 

mostly on parental forms ability to combine wanted 
traits in new cultivar. Combining ability implicates 
possibilities of one parent to produce superior 
descendents, when it is crossed with another parent [3]. 
 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 [6]. 
 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 [1]. 
 Combining ability must be carefully analyzed 
when the objective is obtaining superior descendents or 
if the heterosis in exploited in production [2]. 
 Diallelic hybridization is used a lot in genetic 
analysis of quantitative traits. When the breeding 
objective is constituted by a trait with simple heredity, 
choosing parental forms is not difficult. For 
quantitative traits, especially when we expect 
transgressions, the choice of parental forms is much 
difficult. A useful tool in this problem is the genetic 
study of first hybrid generations by diallelic crosses,  

 
when useful information can be obtained concerning 
the particularities of genetic system that generate that 
trait [7]. 

Diallel analysis provides a unique opportunity 
to test a number of parental lines in all possible 
combinations. Thus, the main objective of the present 
study was to identify the best combiners and their 
crosses on the basis of their general and specific 
combining ability for grain number per spike. 

 
Biological Material and Method 

 
Six parental forms were chosen to suite the 

statistical model for genetic study, different by origin 
and the phenotypic expression of traits. The double 
haploid lines uses as parental forms were obtained 
through “bulbosum method” in INCDA Fundulea.  

Table 1 
Origin of the doubled haploid lines 

No Genotype Origin No Genotype Origin 
1. DH 19-1 F 529/84 22 DH 23-2 Miraj 
2. DH 20-4 F 208/88 23 DH 26-2 Adi 
3. DH 21-2 F 503/88 24 DH 33-3 F 549/88 

 

In order to obtain hybrid combinations, 
parental forms were introduced in a diallelic 
incomplete hybridization type n(n-1)/2, making simple 
crosses between them in 2005/2006, obtaining 15 
hybrid combinations, direct hybrids respectively. 
Hybrid generations F1 and F2 were obtained in period 
of 2007 and 2008. Combining ability analysis was 
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carried out using method 2, model I as suggested by 
Griffing [4]. 

;   ;  

 ; 

 ;   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;   = 

genotypes values i (j). 
 
Results and Discussions 

 
Regarding the number of grains in spike, 

differences between hybrids F1 are due to general and 
as well specific combinative capacity in approximately 
equal insignificant measure. Ratio of the two capacities 
indicates a higher contribution of additive effects in 
determinism of this trait [5].   

 

  

Table 2 
Variance analysis of combining ability for grain number per spike in F1 hybrids 

Variability SS DF MS F Test 
source     

General combining ability 167.29 5 33.45 1.80 
(F5%=2.49) 

Specific combining ability 367.14 15 24.47 1.32  
(F5%=1.95) 

Error 648.20 35 18.52  
                                             GCA/SCA                                                        1.36 

 

General combinative capacity effects (table 
7.40) for number of grains in spike presented a 
maximum amplitude of differences of 4.24, from –2.70 
cm in line DH 26-2 to 1.95 cm in line DH 20-4. Even if 
these average effects of general combinative capacity 

are various having positive and as well negative values, 
they do no determine significant differences between 
lines and they are not correlated with number of grains 
in spike for parental forms (r = 0.762). 

 

Table 3  
 Effects of general and specific combining ability for grain number per spike in F1 hybrids 

Parental forms General combining  Specific combining ability effects 
 ability effects DH 23-2 DH 21-2 DH 20-4 DH 19-1 DH 26-2 

DH 33-3 0.74 3.80 9.06* -3.10 -5.83 3.98 
DH 23-2 0.78  5.15 -2.06 3.87 -1.19 
DH 21-2 -1.54   3.31 -2.69 3.85 
DH 20-4 1.95    4.36 -3.11 
DH 19-1 0.82     -3.17 
DH 26-2 -2.70      

                      LSD5% = 3.08  LSD1% = 4.13  LSD0.1% = 5.46         LSD = 7.56   LSD = 10.13  LSD% = 13.38 
 

Specific combinative capacity effects for 
number of grains in spike had insignificant values with 
a single exception, with a maximum amplitude of 
14.89, but correlated with values of hybrids F1 (r = 
0.886**). The most pronounced positive effects were 
presented by hybrids DH 33-3 x DH 21-2 (9.06*),  DH 
23-2 x DH 21-2 (5.15), DH 20-4 x DH 19-1 (4.36), and 
the most pronounced negative effects were presented 
by DH 33-3 x DH 19-1 (-5.83),   DH 19-1 x DH 26-2 (-
3.17)  and DH 20-4 x DH 26-2 (-3.11).                                   

Differences between hybrids F2 are due to 
general and as well specific combinative capacity in 
approximately equal insignificant measure. Values of 
ratio CCG/CCS show that in determinism of this trait, 
genes with additive effect and also genes with non 
additive effect are involved.  Specific combinative 
capacity effects for number of grains in spike had 

insignificant values with a single exception, with a 
maximum amplitude of 14.89, but correlated with 
values of hybrids F1 (r = 0.886**). The most 
pronounced positive effects were presented by hybrids 
DH 33-3 x DH 21-2 (9.06*),  DH 23-2 x DH 21-2 
(5,15), DH 20-4 x DH 19-1 (4.36), and the most 
pronounced negative effects were presented by DH 33-
3 x DH 19-1 (-5.83),   DH 19-1 x DH 26-2 (-3.17)  and 
DH 20-4 x DH 26-2 (-3.11).                                   

Differences between hybrids F2 are due to 
general and as well specific combinative capacity in 
approximately equal insignificant measure. Values of 
ratio CCG/CCS show that in determinism of this trait, 
genes with additive effect and also genes with non 
additive effect are involved.  

Specific combinative capacity effects for 
number of grains in spike had insignificant values with 
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a single exception, with a maximum amplitude of 
14.89, but correlated with values of hybrids F1 (r = 
0.886**). The most pronounced positive effects were 
presented by hybrids DH 33-3 x DH 21-2 (9.06*),  DH 
23-2 x DH 21-2 (5.15), DH 20-4 x DH 19-1 (4.36), and 
the most pronounced negative effects were presented 
by DH 33-3 x DH 19-1 (-5.83),   DH 19-1 x DH 26-2 (-
3.17)  and DH 20-4 x DH 26-2 (-3.11).                                   

Differences between hybrids F2 are due to 
general and as well specific combinative capacity in 
approximately equal insignificant measure. Values of 
ratio CCG/CCS show that in determinism of this trait, 
genes with additive effect and also genes with non 
additive effect are involved.  

Amplitude of combinative capacity effects was 
4.41 in this generation, from –2,65 for line DH 21-2 to 
1.76 for line DH 20-4. Even if these effect were very 
various regarding the sign, they did not present 
significances generally, but were correlated with number 
of grains in spike of parents ( r = 0.935**), thereby 

making possible the prognosis of hybrid’s variability 
based on parental forms. Also as in case of analysis of 
hybrids from first generation, the highest general 
combinative capacity was recorded for lines DH 20-4 
(1,76*)  and  DH 19-1  (0,62),  and the lowest values for 
lines  DH 21-2 (-2,6500) and DH 26-2 (-0,62). 

Average effects of specific combinative 
capacity are higher than in case of previous generation, 
presenting significant differences between some hybrid 
combinations, having an amplitude of 11,99 at the 
same time being correlated with number of grains in 
spike for hybrids F2  (r=0.873**). For both generations, 
the highest specific combinative effects were presented 
by combinations DH 33-3 x DH 21-2 (6.90**), DH 21-
2 x DH 26-2 (4.98*) and DH 23-2 x DH 21-2 (3.09), 
and the lowest were observed for combinations DH 33-
3 x DH 19-1 (-5.490) and DH 19-1 x DH 26-2 (-5.090). 

 
 
 

Table 4  
 Effects of general and specific combining ability for grain number per spike in F2 hybrids 

Parental forms General combining  Specific combining ability effects 
 ability effects DH 23-2 DH 21-2 DH 20-4 DH 19-1 DH 26-2 

DH 33-3 0.47 1.67 6.90** -2.01 -5.490 -0.47 
DH 23-2 0.41  3.09 -4.290 2.59 -1.21 
DH 21-2 -2.6500   -1.75 -3.74 4.98* 
DH 20-4 1.76*    1.17 -0.75 
DH 19-1 0.62     -5.090 
DH 26-2 -0.61      

                     LSD5% = 1.74  LSD1% = 2.34  LSD0.1% = 3.09               LSD5% = 4.28    LSD1% = 5.73  LSD0.1% = 7.57 
 

Conclusions 
 

1. Differences that appear between hybrids of 
studied combinations regarding the grain 
number in main spike are caused in a distinctly 
significant measure by general and as well 
specific combinative capacity. 

2. Contribution of additive and non additive effects 
on genetic determinism of grain number in spike 
of studied genitors, presents different values 
from one generation to another. These 
differences between values of two hybrid 
generations indicate an obvious diversity of 
parental forms regarding this trait.  

3. Hybrids F1 Greiff x Fundulea 4 and Alex x GK 
Gobe, which present high values of specific 
combinative capacity and whose genitors 
manifest a high general combinative capacity, 
may be introduced in complex hybridization 
programs for breeding this trait. 
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