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Abstract       To improve breeding programs, different methods were 
elaborated for choosing parental forms which combined in certain proportion, 
to allow the obtaining of hybrid populations with mean value presents the 
lowest deviation in comparison to an ideal genotype. Such a genotype should 
reflect a possibly achieving level by using a certain set of parental lines. 
Biological material was consisted of eight paprika pepper cultivars of different 
genetic and ecological origin, which were evaluated in order to use them as 
parental lines in hybridization. Objective of this study was the evaluation of 
breeding potential of a collection of eight paprika pepper cultivars in order to 
use them as parental lines in hybridization, having in mind the multiple 
selection index and deviations from ideal genotype, for some yield traits. 
According to multiple selection index for yield production, for eight used 
genitors we observe a high yield potential in cultivars: Szegedi, NS 6, 
Kalacsai which present increased values of studied traits.  The lowest 
deviations in comparison to ideal genotype presented earlier, were identified 
in case of combination Kalacsai x Alewa WK, with an optimum participation of 
parental forms of 0,54:0,46. Therefore, simple hybridization between cultivars 
Kalacsai and Alewa WK, allows obtaining of one population with values of 
studied traits similar to ideal genotype.  
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In many breeding programs there is a need for 

improving many traits at the same time, and it is well 
known that breeding of one trait may increase or 
reduce the value of associated traits, highlighting the 
necessity to count in more traits simultaneously, with 
an importance for some species. Therefore, using 
multiple selection indexes present an efficient way for 
breeding two or more traits [1]. 
 Concept of using multiple selection indexes is 
defined as an attempt of applying selection for 
improving genotypic and phenotypic value of some 
population. Depending on involved traits, and obtained 
experimental data, different methods of calculating 
multiple selection indexes were used. (Smith, Hazel, 
Finney, Elston, Pesek and Baker, etc). 

In order to improve breeding programs, 
different methods were elaborated (Grafius, Pederson) 
for choosing parental forms which combined in certain 
proportion, to allow the obtaining of hybrid 
populations with mean value presents the lowest 
deviation in comparison to an ideal genotype. Such a 
genotype should reflect a possibly achieving level by 
using a certain set of parental lines. In defining such a 
genotype we considered only those with economic 
importance for studied species [2]. The Pederson 
method  is  to  chose  two  parents which, when crossed  
together    in    specified    proportions,    will    give    a 

 
populations whose mean values show the smallest 
weighted sum of square of deviations from ideal 
values. Objective of this study was the evaluation of 
breeding potential of a collection of eight paprika 
pepper cultivars in order to use them as parental lines 
in hybridization, having in mind the multiple selection 
index and deviations from ideal genotype, for some 
yield traits.   

 
Biological Material and Method 

 
Biological material was consisted of eight 

paprika pepper cultivars of different genetic and 
ecological origin, which were evaluated in order to use 
them as parental lines in hybridization.  

Table 1 
The paprika cultivars used as genitors 

No Cultivar Origin No Cultivar Origin 

1 Arad 6 Romania 5 Karmina Hungary 
2 Carmen Romania 6 Szegedi Hungary 
3 Kalacsai Hungary 7 Alewa WK Serbia 
4 Csardas Hungary 8 NS 6 Serbia 

 

Study of cultivars was conducted in an experience 
placed by randomized block method, in three repetitions. At 
fruit maturity, after harvesting, biometrical measurements 
were made regarding quantitative traits, on 25 plants from 



 281 

each replicate: fruit length, fruit diameter, fruit weight, pulp 
weight, percentage of paprika.  

In order to classify cultivars based on phenotypic 
values  depending on the concentration of favorable traits, 
weight-free  index was used, elaborated by Elston by 
following formulas : P’ = ln (P-k);    where    k = 
[n(minimal value)-(maximal value)] / (n-1);P = 
phenotypic value for each trait. 

According to Pederson method, if parents i 
and i’ are crossed so that parent i contributes a portion 
p to the genotypic constitution of the progeny 
population and parent i’ contributes a portion (1-p), the 
expected mean for trait j of the progeny population is 
Cj = pxij + (1-p)xi’j. On must chose a value of p which 
minimizes the weighted squares of differences between 
the Cj and the ideal values Ij:  

 
 

 

Results and Discussions 
 

In situation when evaluating economical value 
of certain traits is difficult and there are no information 
about genotypic and phenotypic variance and 
covariance inside populations,  using weight-free index 
is needed, elaborated by Elston. This procedure 
hierarchizes genotypes based on phenotypic values 
depending on concentration of favorable traits (3).  

According to multiple selection index for 
yield production, for eight used genitors we observe a 
high yield potential in cultivars: Szegedi, NS 6, 
Kalacsai which present increased values of studied 
traits. Low values of multiple selection indexes were 
presented by cultivars Arad 6, Csardas and Karmina, 
which present decreased values of analyzed traits.  

 

Table 2 
Values of multiple selection indexes for studied traits in paprika pepper genitors 

No. Genotype Fruit length 
(mm) 

Fruit diam. 
(mm) 

Fruit weight 
(g) 

Pulp weight 
(g) 

Selection 
index 

Ranking 

1. Arad 6 77.0 20.2 252.8 131.8 4,57 8 
2. Carmen 78.2 21.2 225.8 159.6 19,91 5 
3. Kalacsai 85.6 21.4 229.8 155.2 35,56 3 
4. Csardas 79.8 20.2 183.8 136.2 4,91 7 
5. Szegedi 90.8 25.0 309.2 191.6 110,80 1 
6. Karmina 89.2 19.6 187.2 151.2 7,79 6 
7. Alewa WK 99.8 21.6 201.8 125.6 26,69 4 
8. N 6 87.4 24.0 270.0 176.8 81,90 2 

 

 

Table3 
Contributions of parental forms to the genotypic constitution of the progeny population with a high breeding 

value for the studied yield traits 
No. Hybrid Parents contribution SSR No. Hybrid Parents contribution SSR 

 combination P1 P2   combination P1 P2  

1 Arad 6 x Carmen 0,17 0,83 40,17 15 Kalacsai x Szegedi 0,25 0,75 11,01 

2 Arad 6 x Kalacsai 0,11 0,89 37,01 16 Kalacsai x Karmina 0,62 0,38 39,17 

3 Arad 6 x Csardas 0,45 0,55 72,43 27 Kalacsai x Alewa WK 0,54 0,46 8,50 
4 Arad 6 x Szegedi 0,03 0,97 13,57 18 Kalacsai x NS 6 0,37 0,63 16,40 
5 Arad 6 x Karmina 0,33 0,67 55,03 19 Csardas x Szegedi 0,17 0,83 10,97 
6 Arad 6 x Alewa WK 0,70 0,30 71,06 20 Csardas x Karmina 0,44 0,56 62,88 

7 Arad 6 x NS 6 0,08 0,92 13,81 21 Csardas x Alewa WK 0,31 0,69 169,14 

8 Carmen x Kalacsai 0,39 0,61 33,96 22 Csardas  x NS 6 0,18 0,82 16,03 

9 Carmen x Csardas 0,78 0,22 42,48 23 Szegedi x Karmina 0,84 0,16 9,64 
10 Carmen x Szegedi 0,18 0,82 11,30 24 Szegedi x Alewa WK 0,76 0,24 11,85 

11 Carmen x Karmina 0,62 0,38 39,86 25 Szegedi  x NS 6 0,66 0,34 10,95 

12 Carmen x Alewa WK 0,44 0,56 125,18 26 Karmina x Alewa WK 0,31 0,69 67,65 
13 Carmen x NS 6 0,21 0,79 13,83 27 Karmina  x NS 6 0,12 0,88 12,36 

14 Kalacsai x Csardas 0,83 0,17 39,60 28 Alewa WK  x NS 6 0,28 0,72 19,57 
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In case of this study 28 possible combinations 
made between eight genitors were analyzed, in 
comparison to an ideal genotype which presented 
following minimal values: fruit length 100 mm; fruit 
diameter 25 mm; fruit weight 250 g; pulp weight 200 
g; percentage 80 %; and also maximum values of 
standard deviations of involved traits: 7,25 for fruit 
length; 1,79 for fruit diameter; 17,71 for fruit weight; 
9,07 for pulp weight. 

The lowest deviations in comparison to ideal 
genotype presented earlier, were identified in case of 
combination Kalacsai x Alewa WK, with an optimum 
participation of parental forms of 0,54:0,46. Therefore, 
simple hybridization between cultivars Kalacsai and 
Alewa WK, allows obtaining of one population with 
values of studied traits similar to ideal genotype.  

Also in case of combination Szegedi x 
Karmina it is possible to obtain a population with 
values similar to those of ideal genotype, after two 
generations of backcross, resulting a participation of 
two cultivars of 0,875 : 0,125, close to the optimum 
proportion of 0,84 : 0,16. 

Lower deviations in comparison to ideal 
genotype values were observed in case of combinations 
Szegedi  x NS 6 (10,95) and Csardas x Szegedi 
(10,97), but optimum proportions of parental forms 
participation for this combinations are different. 
Therefore, in combination Csardas x Szegedi after two 
backcrosses optimum participation proportion of 0,17 : 
0,83  may be obtained, while in combination Szegedi  x 
NS 6 complex hybridization are needed between F1 and 
BC2 in order to obtain population with parental forms 
participation of approximately 0,66 : 0,34. 

In case of combinations Csardas x Alewa WK  
(169,14) and Carmen x Alewa WK (125,18), increased 
values of deviation squares sum indicate the fact that is 
very difficult to obtain populations with values of 
studied traits similar to ideal genotype. Also, a low 
probability to obtain populations with superior values 
of quantitative traits was recorded in case of 
combinations Arad 6 x Csardas, Arad 6 x Alewa WK. 

 
 
 
 

 

Conclusions 
 

1. According to multiple selection index for 
yield production, for eight used genitors we 
observe a high yield potential in cultivars: 
Szegedi, NS 6, Kalacsai which present 
increased values of studied traits.  

2. The lowest deviations in comparison to ideal 
genotype presented earlier, were identified in 
case of combination Kalacsai x Alewa WK, 
with an optimum participation of parental 
forms of 0,54:0,46. Therefore, simple 
hybridization between cultivars Kalacsai and 
Alewa WK, allows obtaining of one 
population with values of studied traits similar 
to ideal genotype. 

3. In combination Csardas x Szegedi after two 
backcrosses optimum participation proportion 
of 0,17 : 0,83  may be obtained, while in 
combination Szegedi  x NS 6 complex 
hybridization are needed between F1 and BC2 
in order to obtain population with parental 
forms participation of approximately 
0.66:0.34. 
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