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Abstract       Grain yield per plant is one of the main components of yield 
potential; therefore it essentially determines the yield level. Because of the 
complexity for this trait it is difficult to improve yield through breeding 
especially in the early generations. Generation mean analysis is a quantitative 
genetic method be able to estimate additive, dominance and epistatic effects. 
The present study aims to obtain useful information about gene action for six 
winter wheat crosses, and to establish the opportunities of recovery in wheat 
breeding. 
The positive values of heterosis relative to mid and to better parents indicated 
that dominance direction was toward the best respective parent. The cross 
Romulus x G.K.Gobe recorded significantly higher intensity of heterosis to 
other combinations. The dominance effects showed higher values than the 
additive effects, indicating that dominance gene effects play the major role in 
controlling the genetic variation of plant yield. A high contribution in genetic 
determinism of this trait has the epistatic effect, especially the additive x 
dominant effect   
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The wheat breeders are concentrating their 

efforts to improve the yield potential of wheat by 

developing new varieties with desirable genetic 

makeup. Grain yield is a complex trait made up of the 

interaction between different yield components and 

environmental effects and is well correlated with a 

series of complex biochemical and physiological 

processes [5]. Because of these complex interactions it 

is difficult to improve yield through breeding 

especially in the early generations [6]. 

The high heritability associated with high 

genetic advance for main quantitative traits in wheat 

offer better scope of selection of genotypes in early 

segregating generations [8; 4]. 

Knowledge of genetic diversity and 

relationships among breeding materials is essential to 

the plant breeders for improving this crop. Generation 

mean analysis is a quantitative genetic method be able 

to estimate additive, dominance and epistatic effects 

[3]. Generation mean analysis provides information on 

the relative importance of average effects of the genes 

(additive effects), dominance deviations, and effects 

due to non allelic genic interactions, in determining 

genotypic values of the individuals and, consequently, 

means genotypic values of families and generations 

[9]. 

The present study aims to obtain useful 

information about gene action for six winter wheat 

crosses, and to establish the opportunities of recovery 

in wheat breeding. 

 

 

Material and Method 
 

The six basic generations involved in these 

studies were: two parents (P1, P2), first and second 

hybrid generations (F1, F2), first and second backcross 

BC11 (P1xF1), BC12 (P2xF1) of six crossing 

combinations between Romanian (Romulus, Flamura 

85) and foreign (Greiff, G.K.Gobe) wheat cultivars. 

They were experimented in a randomized complete 

blocks design with three replicates in 3m long rows. 

Each genotype was represented by three rows/plot. The 

data were recorded on ten plants randomly selected 

from each plot of each replicate.  

The six basic generations were statistically 

analyzed using randomized block design analysis of 

variance according to Ciulca [1]. Obtained data were 

used for calculating estimative values and genic effects 

based on formulas Kearsey and Pooni [2]:  

- mean effect: m = F2 ;  - additive effect: 

;21 BBa  

- dominance: 

;2242/12/1 212121 BBFFPPd  

- epistasis (additive x additive): 

;224 212 BBFaa  

- epistasis (additive x dominance): 

;2/12/1 2121 BBPPad  

-epistasis (dominance x dominance): 

212121 4442 BBFFPPdd  
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In order to compare hybrids and parental forms 

“cis” heterosis „cis” (mid parent) and „trans” heterosis 

(best parent) was determined. 

 

Results and Discussions 
 

The plant yield (Table 1) at the parental forms 

recorded values between 11.58 g by GKGobe and 

18.43 g by Flamura 85 with a variation amplitude of 

6.85 g. Therefore Flamura 85 variety showed 

significantly higher values of this trait to the other, 

between which the differences are small and 

statistically uncovered. 

In case of F1 generation there are differences 

between direct and reciprocal hybrids, ie higher values 

for the reciprocal. For direct hybrids the amplitude of 

plant yield was 5.03 g, with limits from 14.99 g at 

Greiff x G.K.Gobe to 20.02 g at Flamura 85 x Greiff. 

As such, the direct hybrids: Greiff x G.K.Gobe, 

Flamura 85 x Romulus si Romulus x Greiff achieved in 

this generation a plant yield significantly lower 

towards others hybrids. Reciprocal hybrids showed an 

amplitude of 6.20 g with values from 16.35 g at 

Romulus x Greiff to 22.55 g at Flamura 85 x 

G.K.Gobe. Therefore, the reciprocal F1 hybrids of 

variety Flamura 85 have achieved the highest levels of 

this trait and also significantly yield increases 

compared to other hybrids. 

 
                                                                                                      Table 1 

Average values of plant yield in the genitors and studied hybrids 

Hybrids 

 

P1 

x
sx  

F1 direct 

x
sx  

F2 direct 

x
sx  

BC1 

x
sx  

Flamura 85 x Romulus 18.43±1.85 15.10±2.55 13.75±1.29 15.91±1.74 

Flamura 85 x Greiff 18.43±2,14 20.02±5,41 16.24±0,96 17.08±1,60 

Flamura 85 x G.K.Gobe 18.43±2,80 18.99±3,80 17.23±1,30 19.65±1,86 

Romulus x Greiff 13.50±1,46 15.32±2,73 17.95±1,85 17.52±1,34 

Romulus x G.K.Gobe 13.50±3,56 19.29±4,02 16.75±1,83 18.84±1,80 

Greiff x G.K.Gobe 13.59±1,20 14.99±1,43 13.01±1,16 13.60±1,70 

LSD 5% 3.02 2.78 2.32 2.53 

Hybrids 

 

P2 

x
sx  

F1 reciprocal 

x
sx  

F2 reciprocal 

x
sx  

BC2 

x
sx  

Flamura 85 x Romulus 13.50±1.47 20.53±3.11 13.67±1.53 16.26±1.59 

Flamura 85 x Greiff 13.59±1,03 22.07±1,76 16.86±2,10 15.62±1,42 

Flamura 85 x G.K.Gobe 11.58±2,03 22.55±3,56 16.29±1,33 16.50±1,96 

Romulus x Greiff  13.59±1,25 16.35±2,33 17.23±1,32 17.78±1,65 

Romulus x G.K.Gobe 11.58±1,26 18.51±2,83 14.85±1,74 13.60±2,06 

Greiff x G.K.Gobe 11.58±1,93 18.22±1,83 14.92±1,30 9.74±1,90 

LSD 5% 1.26 2.83 1.61 3.37 

 

The values of plant yield in F2 generation 

were generally lower than in F1, with the exception of 

direct hybrids of Romulus x Greiff. There was 

amplitude of 4.94 g at direct hybrids of this generation, 

while the combinations Greiff x G.K.Gobe and 

Flamura 85 x Romulus performed a significantly lower 

yield/plant. For reciprocals hybrids, the amplitude of 

variation for plant yield was 3.56 g, due to significant 

increases for the combinations Romulus x Greiff si 

Flamura 85 x Greiff.  

             In terms of average values for backcrosses, 

these have had in most of the cases, intermediate 

values  between the parental forms and the F1 hybrid. 

For Greiff x G.K.Gobe the BC2 recorded values below 

the two genitors (P2 and F1), while in combination 

Romulus x Greiff both backcrosses, BC1 in Flamura 85 

x G.K.Gobe, showed a higher plant yield to genitors. 
Heterosis relative to mid-parents (Table 2) 

was positive  with an average of 30.17, ranging from 

11.59 in Flamura 85 x Romulus to 50.72 in Romulus x 

G.K.Gobe which recorded significantly intensity 

intensity to other combinations with the exception of 

Flamura 85 x G.K.Gobe. Heterosis relative to better 

parent was also positive with a lower average of 17.04, 

with limits from -3.34 in Flamura 85 x Romulus to 40 

in Romulus x G.K.Gobe which show a significantly 

higher intensity than other combinations except for 

Greiff x G.K.Gobe. These results indicated that 

dominance direction was toward the best respective 

parent.
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Table 2 

Heterosis and inbreeding depression values for plant yield in six wheat crosses 

Hybrids MP  BP ID 

 H (%) HDev (g) H (%) HDev (g) (%) 

Flamura 85 x Romulus 11.59d 1.85b -3.34c -0.61c 23.04 

Flamura 85 x Greiff 31.45bc 5.04a 14.19bc 2.62bc 21.36 

Flamura 85 x G.K.Gobe 38.42ab 5.77a 12.70bc 7.27a 19.31 

Romulus x Greiff 16.91cd 2.29b 16.52b 2.25bc -11.08 

Romulus x G.K.Gobe 50.72a 6.36a 40.00a 5.40ab 16.40 

Greiff x G.K.Gobe 31.94bc 4.02ab 22.19ab 3.02b 15.90 

LSD 5% 18.34 2.37 18.16 3.50 16.29 

 

Heterosis deviations to mid-parents were 

significantly higher in Romulus x G.K.Gobe, Flamura 

85 x G.K.Gobe and Flamura 85 x Greiff. To the best 

parent, the highest heterosis deviations were recorded 

in Flamura 85 x G.K.Gobe and Romulus x G.K.Gobe. 

Inbreeding depression values were positive for 

all crosses with an average value of 14.15 %, this 

results were coupled with a reduction in the mean in 

the F2 generation in all studied crosses. This is 

expected as the expression of heterosis in F1 will be 

followed by a respectively reduction in F2 due to the 

direct effect of homozygosity. The sharpest reduction 

of heterosis has been observed in the crosses of 

Flamura 85 variety. 
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Fig.1. Heterosis values for plant yield in F1 hybrids 

 

The mean effect [m] was high for all studied 

crosses indicated that this trait was quantitatively 

inherited. The highest significant values  of mean 

effect were recorded at: Romulus x Greiff, Flamura 85 

x G.K.Gobe and Romulus x G.K.Gobe (Table 3). 

           The additive effects [a] are low and 

insignificant in comparison to the mean effect. The 

additive effects have a high contribution in genetic 

determinism of this trait in Romulus x G.K.Gobe. and 

the lowest for Romulus x Greiff and Flamura 85 x 

Romulus.

 

                                                                                                 Table 3 

Estimative values of gene effects for plant yield in studied hybrids 

Hybrids m a d aa ad dd 

Flamura 85 x Romulus 13.82bc -0.35c 8.22a 9.06a 15.60ab -11.26b 

Flamura 85 x Greiff 16.24ab 1.46bc 4.49a 0.46bc 17.46a 6.18a 

Flamura 85 x G.K.Gobe 17.23a 3.15bc 7.38a 3.39ab 18.14a -7.70b 

Romulus x Greiff 17.95a -0.25c 3.88a 2.09b 13.28b -11.66b 

Romulus x G.K.Gobe 16.75a 6.90a 4.21a 4.94ab 19.43a 6.67a 

Greiff x G.K.Gobe 13.01c 3.86ab -3.86b -5.39c 15.94ab 11.72a 

LSD 5% 2.54 3.56 5.50 6.20 2.79 13.32 
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The dominance effects [d] showed higher 

values than the additive effects, indicating that 

dominance gene effects play the major role in 

controlling the genetic variation of plant yield for all 

crosses except for Greiff x G.K.Gobe cross, where the 

[d] values were significantly lower. With regard to the 

negative value of [d] indicated that the alleles responsible 

for less value of plant yield were over dominant over the 

alleles controlling high value. 
A high contribution in genetic determinism of 

this trait has the epistatic effect, especially the additive 

x dominant effect [ad]. Mean values of this trait are 

generally similar to the mean effect. The opposite signs 

of [d] and [dd] for most crosses suggesting duplicate 

type of non-allelic interaction for plant yield. 

Therefore, given that the non-additive effects 

are larger than additive, the improvement of the plant 

yield needs intensive selection through later 

generation. Also, the possibility of obtaining desirable 

segregates through inter-mating in early segregations 

require breaking undesirable linkage or it is suggested 

to adopt recurrent selection for handling the above 

crosses for rapid improvement. 

 

Conclusions 

 
1. The positive values of heterosis relative to mid and 

to better parents indicated that dominance direction 

was toward the best respective parent. The cross 

Romulus x G.K.Gobe recorded significantly higher 

intensity of heterosis to other combinations. 

2. Heterosis deviations to mid-parents were 

significantly higher in Romulus x G.K.Gobe, Flamura 

85 x G.K.Gobe and Flamura 85 x Greiff. To the best 

parent, the highest heterosis deviations were recorded 

in Flamura 85 x G.K.Gobe and Romulus x G.K.Gobe.  

The expression of heterosis in F1 will be followed by a 

respectively reduction in F2 due to the direct effect of 

homozygosity. The sharpest reduction of heterosis has 

been observed in the crosses of Flamura 85 variety. 
3. The mean effect was high for all studied crosses 

indicated that this trait was quantitatively inherited. 

The additive effects are low and insignificant in 

comparison to the mean effect. The dominance effects 

showed higher values than the additive effects, 

indicating that dominance gene effects play the major 

role in controlling the genetic variation of plant yield 

for all crosses except for Greiff x G.K.Gobe cross 

4. A high contribution in genetic determinism of this 

trait has the epistatic effect, especially the additive x 

dominant effect. Therefore, given that the non-additive 

effects are larger than additive, the improvement of the 

plant yield needs intensive selection through later 

generation. 
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