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Abstract         Grain yield is a complex trait made up of the interaction 
between different yield components and environmental effects. Because of 
that, it is necessary to know the genetic architecture of yield components. The 
aim of this study was to estimate the gene effects and heritability in six wheat 
crosses between four cultivars, using generation mean analysis (P1, P2, F1, 
F2, B1 and B2). In all hybrid combinations high and significant values of 
bigenic effects have been obtained  and especially for additive x dominant 
interaction. In case of combinations Flamura 85 x Romulus and Flamura 85 x 
Greiff, it appears that the dominance effects are significant  and have the 
largest contributor to the genetic determinism of this trait. In contrast, the 
dominance has small and insignificant values in Romulus x GKGobe and are 
virtually missing, in the case of combination Greiff x G.K.Gobe.To increase 
the possibility of favorable genes accumulation for the number of grains/spike 
and thus raise the selection efficiency is necessary to select   and cross the 
best segregates from each hybrid combinations. For this goal especially the 
combinations: Flamura 85 x Greiff and Flamura 85 x Romulus will be used. 
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The development of high-yielding wheat cultivars is 

the major objective of breeding activities. Knowledge 

of the nature, magnitude of gene effects and their 

contribution to the control of metric traits is important 

in formulating an efficient breeding program for wheat 

genetic improvement [2]. 
 Grain yield in wheat is a complex character 

determined by several traits. Reported heritability 

estimates indicate that certain morphological traits that 

influence grain yield in wheat are more heritable than 

yield itself [4].  

 There are suggestions that the route to 

increasing wheat yields is to „„breed for increased grain 

numbers‟‟ [8]. The belief in grain number as a 

determinant of yield is bolstered by the observation, 

that grain number is correlated with conditions 

favoring growth during an interval that precedes 

flowering [5; 3]. 

 The high heritability resulting to high genetic 

advance for yield components in wheat offer better 

scope of selection of genotypes in early segregating 

generations [9; 7]. In this regard heritability estimates 

plays an important role for planning the breeding 

strategy. 

 Generation mean analysis is a simple but 

useful technique for estimating gene effects for a 

polygenic trait, its greatest merit lying in the ability to 

estimate epistatic gene effects such as additive x 

additive (aa), dominance x dominance (dd) and 

additive x dominance (ad) effects [10]. 
 The aim of this study was to estimate the gene 

effects and heritability in six wheat crosses between 

four cultivars, using generation mean analysis (P1, P2, 

F1, F2, B1 and B2). 

 

Material and Method 

 
Initial biologic material consisted of four 

wheat cultivars, Romanian (Romulus, Flamura 85) and 

foreign (Greiff, GKGobe), which was introduced in a 

diallel complete cross, obtaining F1 and F2 reciprocal 

and direct hybrids, and backcrosses with both parents. 

Obtained data were used for calculating estimative 

values and genes effects [1] based on formulas:  - 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 (mid parent) and „trans” heterosis 

(best parent) was determined. For a complex 

appreciation of heredity factors, environment factors 

and their interaction, variance components were also 

calculated [6]. 

 

 

 

 

 

Results and Discussions 

 
Mean values of grain number/spike in parental 

forms recorded values from 56.59 (GKGobe) to 78.05 

(Flamura 85). In comparison with parental forms, F1 

hybrids have achieved a greater number of 

grains/spike, mainly in combination: Flamura 85 x 

Romulus, Flamura 85 x Greiff, Romulus x GKGobe. 

The F2 hybrids were intermediate to the parental forms. 

The same reaction has been shown in the case of back-

crosses.

 

                                                                                                 Table1 

Mean values of grain number/spike in the genitors and studied hybrids 

Hybrids 

 

P1 

x
sx  

P2 

x
sx  

F1 direct 

x
sx  

F1 reciprocal 

x
sx  

Flamura 85 x Romulus 78.05+6.12 67.07+4.35 79.51+5.29 66.08+3.92 

Flamura 85 x Greiff 78.05+6.12 61.23+5.47 79.80+2.41 68.60+4.27 

Flamura 85 x G.K.Gobe 78.05+6.12 56.59+2.47 59.98+1.84 74.10+2.49 

Romulus x Greiff 67.07+4.35 61.23+2.47 94.07+4.87 67.90+5.26 

Romulus x G.K.Gobe 67.07+4.35 56.59+1.88 69.06+2.85 73.60+4.08 

Greiff x G.K.Gobe 61.23+2.47 56.59+1.88 53.49+2.56 60.96+3.31 

Hybrids 

 

F2 direct 

x
sx  

F2 reciprocal 

x
sx  

B1 

x
sx  

B2 

x
sx  

Flamura 85 x Romulus 72.93+6.86 69.61+7.37 76.92+5.31 73.16+3.58 

Flamura 85 x Greiff 67.78+5.14 67.70+5.29 72.51+3.74 62.60+4.23 

Flamura 85 x G.K.Gobe 67.57+3.52 69.37+4.96 71.41+5.18 63.23+4.47 

Romulus x Greiff 63.58+7.41 60.53+6.63 65.58+4.83 62.66+5.02 

Romulus x G.K.Gobe 69.96+6.05 59.43+6.27 63.96+5.34 58.74+3.95 

Greiff x G.K.Gobe 53.36+4.84 58.83+5.42 57.63+3.79 50.80+4.11 

 

Generally, the variability of f this character 

for the studied genotypes was high. The crosses with 

the lowest variability coefficient were: Flamura x 

GKGobe;  Flamura 85 x Greiff. In these combinations, 

the environmental influence is small, giving them great 

values for selection. 

Based on the analysis of the grains 

number/spike for parental forms hybrids and different 

backcross is observed that in case of combinations: 

Flamura 85 x Romulus, Romulus x GKGobe, Flamura 

85 x Greiff, the values of F1 hybrids exceed the both, 

mid and best parent. In most cases, F1 generation 

exceeds the parents mean.  

Reciprocal crosses of this trait were different 

from each other. The values of reciprocal crosses for 

hybrids: Flamura 85 x GKGobe, Romulus x GKGobe, 

Romulus x Greiff, were higher than those of direct 

crosses. 

Superior values to parental forms had 

F1hybrids: Flamura 85 x G.K.Gobe, Romulus x Greiff, 

Romulus x G.K.Gobe and Greiff x G.K.Gobe. The 

hybrid F1 Flamura 85 x Greiff achieved the smallest 

number of fertile tillers. Backcrosses were situated 

between mean values of generation F1 and parental 

forms. 

The hybrid Greiff x GKGobe, has a lower 

mean compared to the parent with the smallest number 

of grains/spike, as manifested a negative heterosis. In 

most of the cases, values of F2 generation were inferior 

to F1 generation, with the exception of hybrids: 

Flamura 85 x G.K.Gobe, Romulus x GKGobe. 
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Fig.1. Heterosis values for grain number/spike in F1 hybrids 

 

Compared with the mid parent the studied 

hybrids submitted values of  cis heterosis between 9.57 

% in Flamura 85 x Romulus and 14.58 % in Flamura 

85 x Greiff. Also, in case of hybrids Flamura 85 x 

GKGobe, Greiff x GKGobe and Romulus x Greiff, 

grains number/spike was inferior to parents mean. 

Compared to the best parent, trans heterosis values 

were reduced (around 2%), manifesting only in the 

hybrids: Flamura 85 x Romulus, Flamura 85 x Greiff 

and Romulus x GKGobe. In case of the analyzed 

hybrid combinations, there are strong differences 

regarding the contribution of different gene effects to 

achieve this character. 

In case of combinations Flamura 85 x 

Romulus and Flamura 85 x Greiff, it appears that the 

dominance effects are significant  and have the largest 

contributor to the genetic determinism of this trait. In 

contrast, the dominance has small and insignificant 

values in Romulus x GKGobe and are virtually 

missing, in the case of combination Greiff x G.K.Gobe.

 

          Table 2 

Estimative values of gene effects for grains number/spike in studied hybrids 

Hybrids m a d aa ad dd 

Flamura 85 x Romulus 72.93 3.76 89.29 8.44 75.38 -6.34 

Flamura 85 x Greiff 67.78 9.99 74.64 -0.74 68.89 34.16 

Flamura 85 x G.K.Gobe 67.56 8.18 -10.30 -0.96 77.52 -9.71 

Romulus x Greiff 64.06 2.92 3.09 2.16 67.20 -1.99 

Romulus x G.K.Gobe 69.96 5.22 -39.35 10.56 64.13 22.75 

Greiff x G.K.Gobe 53.36 6.83 0.50 3.42 63.24 0.48 

 

 

In combinations Flamura 85 x Romulus and Romulus x 

GKGobe, the dominance has a negative sign which 

indicates that the small number of grains/spike for the 

variety GKGobe is dominant inherited for this cross. In 

all hybrid combinations high and significant values of 

bigenic effects have been obtained  and especially for 

additive x dominant interaction. 

In case of Flamura 85 x GKGobe high values 

of bigenic effects like additive x additive and dominant 

x dominant were obtained. These results suggest that 

epistasis has a major contribution in genetic 

determinism of this character for studied crosses, and 

that the studied varieties generally have a low value as 

genitors to improve the character. 

To increase the possibility of favorable genes 

accumulation for the number of grains/spike and thus 

raise the selection efficiency is necessary to select   and 

cross the best segregates from each hybrid 

combinations. For this goal especially the 

combinations: Flamura 85 x Greiff and Flamura 85 x 

Romulus will be used. 
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Table 3 

Estimative values of different factors involved in achieving the grain number/spike and its heritability 

Hybrids Contribution of Heritability 

Genotype Environment G x E 

Flamura 85 x Romulus 16.25 45.98 37.76 0.05 

Flamura 85 x Greiff 72.86 11.43 15.70 0.68 

Flamura 85 x G.K.Gobe 77.52 8.71 13.76 0.72 

Romulus x Greiff 17.47 61.20 21.32 0.10 

Romulus x G.K.Gobe 60.57 22.94 16.48 0.36 

Greiff x G.K.Gobe 55.68 27.10 17.21 0.01 

 
 

In terms of the contribution of genetic and 

environmental factors to the phenotypical achievement 

of this trait, from the analysis of data included in table 

3 we can see that in the combinations: Greiff x 

GKGobe, Romulus x GKGobe, Flamura 85 x Greiff, 

Flamura 85 x GKGobe, genetic factors contribute to 

the phenotype achievement in a proportion of 55.68 to 

77.52%. 

 In the hybrid combinations Flamura 85 x 

Romulus and Romulus x Greiff the contribution of the 

ecological factors to the achievement of phenotype is 

higher, namely 45,98 % and 61,20 %. Also, at the 

hybrid Flamura 85 x Romulus the genotype x 

environment interaction contribute to the phenotype 

achievement in a proportion of 37.76%, in remaining 

combinations, the genotype x environment interaction 

has a minor role. 

 The heritability coefficient values are different 

in the hybrid combinations. In Flamura 85 x Greiff and 

Flamura 85 x G.K.Gobe, the heritability coefficient 

(0.68-0.72), shows that the phenotype reflects the 

genotype in an significant measure. Selecting the 

spikes with a large number of grains in this 

combination, there is a strong possibility that a part of 

the descendants inherit this trait. 

 
Conclusions 

 
 In all hybrid combinations high and 

significant values of bigenic effects have been obtained 

 and especially for additive x dominant interaction. 

In case of combinations Flamura 85 x 

Romulus and Flamura 85 x Greiff, it appears that the 

dominance effects are significant  and have the largest 

contributor to the genetic determinism of this trait. In 

contrast, the dominance has small and insignificant 

values in Romulus x GKGobe and are virtually 

missing, in the case of combination Greiff x G.K.Gobe. 

To increase the possibility of favorable genes 

accumulation for the number of grains/spike and thus 

raise the selection efficiency is necessary to select   and 

cross the best segregates from each hybrid 

combinations. For this goal especially the 

combinations: Flamura 85 x Greiff and Flamura 85 x 

Romulus will be used.  

 Having in mind the high influence of 

environment and genotype x environment interaction in 

the phenotypic achievement of examined traits in 

Romulus x Greiff, Flamura 85 x Romulus and  Greiff x 

G.K.Gobe it was established that recurrent selection is 

most suitable for breeding this traits.  
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