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Abstract       In order to make selection methods more efficient and to make 
improvement works perfect in developing new mustard cultivars at the 
Agricultural Research Station in Lovrin, we carried out a series of research 
and biometrical measurements starting from the necessity of better knowing 
specific variability, quantitative features, productivity features, the way they 
are passed on hereditarily, and the intensity of the correlations between them. 

Yielding capacity is a complex quantity feature based on a large 
number of elements relying on numerous genes with small effects. In 
developing mustard cultivars, the improver should get and use information on 
the heredity of the features for all the components in order to guide hybrid 
generations towards a genetic constitution able of improving production. 

Heritability studies have determined quantitative genetic variability 
made mustard and nature of gene action affecting the production and main 
components of the production. 

They studied a number of quantitative characters including the 
number of siliquas per plant. Compared with the parental forms most hybrids 
have achieved higher values for number of siliquas per plant. 

At genitors study, there was a higher proportion of dominant alleles (60-
70%) involved in genetic determinism of character study, based on a uneven 
distribution of positive and negative alleles. 

In terms of the proportion of dominant or recessive alleles they possess, 
ie positive or negative parental forms were classified into distinct groups. These 
differences were due to the action of environmental factors that have led to 
different groups of genes that have the main role in controlling the characters 
studied event. 
From the point of view of the number of siliquas per plant, the Ascot and Aba 
mustard cultivars have recessive alleles with positive effect, while the Carnella 
and Gisilba mustard cultivars cumulate a larger share of dominant alleles with 
negative impact on the pheno-type manifestation of the feature. In the case of this 
feature, we could see that dominance was associated with positive alleles in the 
Aba and Ascot mustard cultivars, i.e. an association of recessiveness with 
positive alleles in the Erica and Amog mustard cultivars. We could also see that 
the most valuable genitors from the point of view of the general combinatory 
capacity are the Gisilba and Aba mustard cultivars.   
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The production capacity is a complex 

quantitative character to whose end concur a large 
number of elements, determined, in their turn, by many 
genes with reduced effects. During the creation of 
varieties, the breeder must obtain and use information 
about the heredity of characters for all the components 
in order to convey the hybrid generation towards a 
genetic constitution, able to improve production 
(DOUCET ILARIA, 1978). Quantitative heritability 
studies have determined the genetic variability and the 

nature of the action of the genes affecting production 
and the main components of production. 

 
Material and Method 

 
The biological material used in this study was 

the first generation hybrids (F1) and the second ones 
(F2), the two parental lines (P1 and P2 respectively) for 
each hybrid. 

The experienced biological material was 
represented by a collection consisting of 9 varieties of 
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mustard with different genetic origin, namely: 
Sunshine, Carla, Carnela, Condor, Erica, Ascot, Aba, 
Gisilba and Amog . 

The genitors together with F1 and F2 hybrids 
were studied in a comparative culture placed in three 
plots of 10 m2 rehearsals after block method. The 
varieties used as genitors in the diallelic crossing, 
together with  the F1 and F2 hybrids were further 
studied in a comparative culture on three repetitions, 
after block method, each plot having a length of 5m 
and 4 rows of plants.  

The biometric measurements were made in 10 
plants in each repetition for the number of 
branches/plant and number of siliquas/plant. 

The statistical processing consisted in a 
simple analysis of variance for each character 
individually (CEAPOIU, 1968). 

By analysing the genetic variance (JONES, 
1965) there was achieved the breaking of the genetic 
variance into its component elements, which allowed 

the refinement of the information obtained through the 
simple analysis of the variance. 

The graphic analysis of the variance and of 
the covariance is based on variance-covariance (Vr, 
Wr), a procedure developed by JINKS and HAYMAN 
(1953) and HAYMAN (1954a). 
 
Results 
 
Experimental results on the siliquas number 
heredity per plant in F1 hybrids 

In Table 1 it is observed that most hybrids 
have achieved, in this character, lower values or almost 
similar to the average parental forms. The highest 
index values of the heterosis hybrids were registred by 
the hybrids Carnela x Carla (4.54), Condor x Amog 
(2.13) and Erica x Carla (1.90), combinations in which 
there were no significant differences between the 
parental forms concerning this character. 

 
Table 1 

Heterosis  index for siliquas number per plant in F1 hybrids 
Genitors Sunshine Carla Carnela Condor Erica Ascot Aba Gisilba Amog 

Sunshine - -9,65 -6,23 -69,72 -0,44 0,50 0,04 -2,34 -0,47 

Carla -23,80 - -7,37 -0,31 -0,19 -0,89 -0,60 -1,24 -0,72 

Carnela -3,29 4,54 - -1,88 -0,05 -0,48 -0,43 -21,75 -0,44 

Condor -53,72 -1,47 -1,40 - -0,22 -0,24 -0,79 -0,23 2,13 

Erica 0,39 1,90 0,24 1,00 - -0,55 -0,43 0,44 0,07 

Ascot 0,61 0,08 -1,06 -1,26 0,14 - -8,63 -0,30 -2,89 

Aba 0,05 -0,79 -0,42 -1,12 -0,25 -14,66 - -1,00 -4,10 

Gisilba -6,99 -6,85 -13,23 -5,77 -1,21 -1,21 -1,33 - -1,58 

Amog -2,37 -2,16 -2,00 -2,31 -0,68 -6,41 -5,01 -1,82 - 

                                                                                                                             
Table 2 

Differences between the reciprocal hybrids due to maternal effects for the number  
of siliquas per plant in F1 generation  

 

Genitors Sunshine Carla Carnela Condor Erica Ascot Aba Gisilba Amog 

Sunshine - 153 -167 -58 -282 -41 -5 305 478 

Carla  - -548 17 -689 -365 79 307 377 

Carnela   - -29 -82 245 -3 -75 481 

Condor    - -421 364 137 384 1096 

Erica     - -486 -139 455 444 

Ascot      - 305 392 392 

Aba       - 161 147 

Gisilba        - 74 

Amog         - 
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The biggest differences between the reciprocal 
hybrids due to maternal effects were observed in the 
combination Condor x Amog (1096) as well as in the 
combinations Carla x Erica (689), Carla x Carnela 
(548). There were also observed significant values of 
the maternal effects in most combinations, thus 
indicating that the position of parental forms in 
hybridization is important for the transmission of genes 
that influence the number of siliqua per plant. 

The lowest values of the maternal effects were 
recorded by the combinations: Carnela x Aba (3), 
Sunshine x Aba (5), Carla x Condor (17). 

 

The analysis of variance regression (Vr) and 
covariance (Wr) of the number of siliquas per plant 
in F1 hybrids 

 
The graphical analysis of the genetic variance 

provides information on the general characterization of 
the genotypes studied in terms of the genetic potential 
and of the predominant type of gene action as well as 
an individual characterization, from this point of view, 
of each genitor in part. 

In order to establish certain aspects related to 
the genetic determinism of the characters studied, the 
experimental data were processed and interpreted on 
the basis of the genetic model developed by Hayman 
(1954).

 
Table 3 

 
Mean value (Yr), variance value (Vr), covariance value (Wr) and the proportion of dominant alleles of                          
                    the parents used in obtaining F1 hybrids  for the number of siliquas  per plant 

 
No. Genitors Mean parents 

Yr 
Variance 

Vr 
Covariance 

Wr 
Proportion of 

dominant alleles 
1 Sunshine 897,60 56730 40023 0,355 

2 Carla 886,60 11918 -8259 0,911 

3 Carnela 840,80 4647 2328 0,891 

4 Condor 901,20 8738 -443 0,883 

5 Erica 556,40 14565 4527 0,819 

6 Ascot 1259,80 51027 8337 0,578 

7 Aba 1310,40 68275 17973 0,417 

8 Gisilba 832,00 8839 -8252 0,930 

9 Amog 1148,20 46779 5108 0,623 

 
From the study of the regression graph (Fig. 1) 

for the number of siliquas in F1 hybrids it is observed 
that the most reccurent parents are grouped around the 
regression line, indicating that within the genetic 
determinism of this character, in parents, there are 
involved genes with additive effect. Also, in the 
Sunshine variety, this character falls under the 
influence of certain genic interactions. 

The distance between the regression line and 
the parabola, as well as the position of the parental 
genotypes to  the regression line show that both the 

effects of dominance and additivity play an important 
role in the genetic determinism of this character, in 
accordance with the analysis of the non-allelic genetic 
variance. 

The regression line meets the covariances axis 
below the origin, indicating the presence of the 
superdominant. Of all the studied genitors, the varieties 
Sunshine and Aba present the highest proportion of 
recessive alleles, while Gisilba and Carla have the 
highest proportion of dominant alleles. 
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Fig.1 The graph regression Wr/Vr for the number of siliquas per plant in F1 hybrids 
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Fig. 2   The standardized deviations graph (Wr + Vr) and Yr for the number of siliquas  per plant in F1 hybrids 
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The relative position of the genotypes in 
relation to the recessiveness-dominance indicator (Wr 
+ Vr) was determined using the method developed by 
Johnson and Aksel (1959). The distribution of the 
parental lines based on the Yr standardized deviations 
(the plants height in parental forms) and (Wr + Vr), 
indicate a high proportion of recessive alleles in the 
varieties Sunshine (65%), Aba (59%) and dominant 
alleles in a considerable proportion in the varieties 
Carla (91%), Gisilba (93%), Condor (88%), Carnela 
(89%). 

The correlation (r = 0.597) between Yr and 
(Wr + Vr) indicates that, generally, in the studied 
varieties, the dominant alleles reduce the number of 
siliquas per plant, while recessive alleles cause an 
increase of this character. In this respect, taking into 
account the values presented in Table 4, in order to 

obtain genotypes with large numbers of siliquas per 
plant, it is favourable the accumulation, in a balanced 
proportion, of recessive and dominant alleles.  
 
Experimental results on the siliquas number 
heredity per plant in F2 hybrids 

 
As for the analysis of the F1 generation, in 

Table 4 it is observed that most F2 hybrids have 
achieved much lower values in this character or almost 
similar to the average parental forms. The highest 
values of the heterosis index were found in the hybrids 
Amog x Sunshine (0.70), Amog x Aba (0.50), Gisilba 
x Sunshine (0.50), Gisilba x Carnela (0.50) and other 
hybrids which had the Gisilba variety as maternal 
form.

 
 
 

Table 4 
Heterosis index for the number of siliquas per plant in F2 hybrids 

Genitors Sunshine Carla Carnela Condor Erica Ascot Aba Gisilba Amog 

Sunshine - -2,04 -11,82 -27,55 -926,25 -14,52 -8,87 -1,13 -4,46 

Carla -1,92 - -2,03 -1,67 -1,59 -1,92 -1,67 -12,92 -2,08 

Carnela -7,98 -1,40 - -1,66 -5,83 -14,62 -894,98 0,50 -3,01 

Condor -17,38 -1,71 -12,75 - -25,30 -535,82 -11,97 -1,16 -2,27 

Erica -717,26 -0,93 -10,32 -17,22 - -26,04 -11,69 -0,95 -5,40 

Ascot -17,46 -1,32 -8,44 -597,15 -22,66 - -15,73 -1,41 -3,85 

Aba -8,03 -1,81 -1184,80 -9,42 -5,94 -10,04 - 0,38 -4,05 

Gisilba 0,50 0,19 0,50 0,50 0,50 0,50 -1,10 - -3,43 

Amog 0,70 -0,50 -3,07 -3,41 -1,33 -3,67 0,50 -0,33 - 

 
 

Table 5 
Differences between the reciprocal hybrids due to maternal effects for the number 

 of siliquas per plant in F2 generation  
 

Genitors Sunshine Carla Carnela Condor Erica Ascot Aba Gisilba Amog 

Sunshine - -72,20 -650,20 -651,00 -376,20 183,00 -144,00 -1138,00 -1438,80 

Carla  - -515,20 28,00 -425,80 -417,40 117,40 -718,40 -574,40 

Carnela   - 1169,00 751,60 -662,80 405,80 0,00 23,00 

Condor    - -472,00 110,40 -273,00 -1261,60 393,00 

Erica     - -204,40 -971,60 -1013,60 -1142,40 

Ascot      - -617,20 -1445,20 -58,60 

Aba       - 1284,20 -2045,40 

Gisilba        - -1295,00 

Amog         - 
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The biggest differences between the reciprocal 
hybrids due to the maternal effects were observed in  
the combination Aba x Amog (2045), Carla x Erica 
(689), Ascot x Gisilba (1445), Sunshine x Amog 
(1438), Gisilba x Amog (1295). Thus, just as in the F1 
generation there were observed significant values of 
the maternal effects in most combinations, indicating 
that the position of the parental forms in hybridization 
is important for the transmission of the genes that 
influence the number of siliquas per plant. 

The lowest values of the maternal effects were 
recorded by the combinations: Carnela x Gisilba (0), 
Carnela x Amog (23), x Amog Ascot (58). 

 

The analysis of variance regression (Vr) and 
covariance (Wr) of the number of siliquas per plant 
in F2 hybrids 
 

 
In Figure 3 there is shown a cluster of most 

parental genotypes in a compact group at a relative 
distance from the regression line, confirming the 
presence of the additive effects having major 
importance in the genetic determinism of this 
character, while in the varieties Gisilba and Carla, this 
character falls under the influence of certain non-allelic 
interactions.
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Fig. 3. The regression graph Wr/Vr for the number of siliquas per plant in F2 hybrids  

 
The medium level of dominance, expressed by 

the distance between the point in which the regression 
intersects the covariances axis (Wr) and the point of 
origin, of value a = - 2.22, indicates the presence of 
certain superdominant genic effects. 

The distribution of parental genotypes along 
the regression line shows that the Carnela variety has 
the highest proportion of recessive alleles, while Carla 
and Amog varieties accumulate the most dominant 

genes. The other varieties present a balanced rapport of 
dominant and recessive alleles, with a slight addition in 
the dominant ones. 

The approximate size of the area marked by 
the parabola and the regression line, as well as the 
layout of the parental genotypes along the regression 
line, confirm the importance of the additivity effects in 
the genetic determinism of this character. 
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Table 6 
Mean value (Yr), variance value (Vr), covariance value (Wr) and the proportion of dominant alleles of the    
                        parents used in obtaining F2 hybrids for the number of siliquas per plant 

   No. Genitors Mean parents 
Yr 

Variance 
Vr 

Covariance 
Wr 

Proportion of 
dominant alleles 

1 Sunshine 2409,80 280453 -40805 0,612 
2 Carla 1768,40 100936 -109792 1,123 
3 Carnela 2579,20 462432 -16069 0,187 
4 Condor 2473,80 209401 23458 0,626 
5 Erica 2411,60 218246 -65212 0,790 
6 Ascot 2472,00 204167 9652 0,665 
7 Aba 2580,60 276156 16393 0,503 
8 Gisilba 1713,60 125099 71501 0,701 
9 Amog 2130,80 105169 -21924 0,934 

 

 
Fig. 4. The standardized deviation graph (Wr + Vr) and Yr for the number of siliquas per plant in F2 hybrids 

 
 

In the standardized deviation graph (Wr + Vr) 
and Yr (Fig. 4.) there is observed an association of the 
dominance with the negative alleles and of the 
recessiveness with the positive alleles. The exception is 
the Erica variety, in which dominant alleles determine 
an increase of the number of siliquas per plant. The 
highest proportion of dominant alleles with negative 
effect is found in Carla and Amog varieties. 
Oppositely, Carnela and Aba varieties possess a high 
percentage of recessive alleles causing an increase in 
the number of siliquas per plant. 

 

Conclusions 
 

Summarizing the way genes act, there can be 
said that the value of the characters is given by the 
superdominance effects, by the intraallelic interactions 
(of epistasis type) or by the interallelic ones (of 
dominance or recessiveness). 

For the character under study, the differences 
between genotypes were very significant during the 
experimental period, the variance analysis, together 
with the graphical analysis showing the genetic 
diversity of the varieties analysed. 
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 In order to obtain genotypes with a large 
number of siliquas per plant, it is favourable an 
accumulation of recessive and dominant alleles in a 
balanced proportion. 

 The increase of siliqua number per plant 
determines also an increase in seed weight per plant, as 
well as an increase in the number of seeds and the 
reduction of the 1000 seed weight. 
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