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Abstract       Most of quantitative traits are controlled largely by genes with 
additive effects, thus for each trait the mean for a population generated in a 
plant breeding program should be close to the mean of the parents used to 
produce that population. Furthermore, choosing parents so as to optimize 
population means may be the best strategy for short-term (one or few cycles) 
breeding. Objectives of this study were presented by appreciation of 
phenotypic manifestation of fruit length in F1 hybrids in comparison to parental 
forms and estimation of gene effects involved in determinism of this trait. 
A set of seven cultivars with different genetic and ecological origin was used 
in this study, cultivar Arad 6 being used as a common parent. The study of F1 
hybrids, was done with the parental form using the random blocks 
experimental method with three repetitions. In genetic determinism of fruit 
length for hybrids of cultivars NS 6, Alewa WK, Karmina and Kalacsai, 
polygenes with additive effect are acting. For hybrids of cultivars Csardas and 
Carmen fruit length is controlled by other gene effects or highly influenced by 
environmental conditions. The highest fruit length breeding potential is 
presented by combinations Arad 6 x Alewa WK, which offer the possibility of 
selecting 30,85 % recombinant lines with a fruit length of at least 95 mm.  
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 Most of quantitative traits are controlled 
largely by genes with additive effects, thus for each 
trait the mean for a population generated in a plant 
breeding program should be close to the mean of the 
parents used to produce that population. Furthermore, 
choosing parents so as to optimize population means 
may be the best strategy for short-term (one or few 
cycles) breeding.   

In order to improve breeding programs, 
different statistical methods were elaborated [4; 5; 3; 6] 
which allow the identification in early generations of 
valorous hybrid combinations for a certain trait. Such a 
method presented by Hill et al. [4] allows the 
evaluation of different hybrid combinations depending 
on percentage of recombinant lines which achieve a 
certain level of desired trait, possible to be selected. 
Objectives of this study were presented by appreciation 
of phenotypic manifestation of fruit length in F1 
hybrids in comparison to parental forms and estimation 
of gene effects involved in determinism of this trait.  

 
Biological Material and Method 

 
A set of seven cultivars with different genetic 

and ecological origin was used in this study, cultivar 
Arad 6 being used as a common parent. The study of F1 
hybrids, was done with the parental form using the 
random blocks experimental method with three 
repetitions and on each plots had 25 plants. 

 
 
In comparison of hybrids with parental forms 

variance analysis and t test were applied [1].  
 

Table 1. 
The paprika pepper cultivars used as parental forms 

No Cultivar Origin No Cultivar Origin 

1 Arad 6  - ♀ Romania 5 Karmina - ♂ Hungary 
2 Carmen  -  ♂ Romania 6 Alewa WK - ♂ Serbia 
3 Kalacsai - ♂ Hungary 7 NS 6 - ♂ Serbia 
4 Csardas - ♂ Hungary    

 

Study of F1 hybrid regression in comparison 
to variable parent was applied by model presented by 
Ecochard and Huet (1961). ;      

;           

In order to estimate heterosis for hybrid 
combinations, heterosis index was calculated, in 
comparison to average of parental forms (heterosis 
“cis”) and in comparison to the best parent (heterosis 
“trans”) using the following formulas [2] 
 Evaluating different hybrid combinations 
depending on the percent of recombinant lines which 
achieve a certain level of desired trait, possible to be 
selected, was made by method presented by Hill et al.[4]. 
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Results and Discussions 
 

In comparison to cultivar Arad 6 used as 
maternal form it is observed that all other cultivars 
used as paternal genitors achieved superior values of 
this trait, but only cultivar Alewa WK presents a fruit 
length very significantly superior. Superiority of fruit 
length in comparison to constant parent was observed 
also in case of  F1  hybrids, except combination Arad 6 

x Carmen. For combination Arad 6 x Alewa WK, a 
significant difference of fruit length in comparison to 
cultivar Arad 6 was observed.  

In comparison to paternal genitor most of the 
hybrids have achieved inferior values of this trait, except 
combination Arad 6 x Csardas, but differences were not 
statistically assured, deviations of fruit length for hybrids 
being maximum 10 % in comparison to paternal genitors.  

 
 

Table 2. 
Significance of differences between F1 hybrids and parental forms concerning fruit length 

No Genotype     Fruit lenght (mm) Comparing with female parent Comparing with male parent 
   s % Relative (%) Difer./Signiff. Relative (%) Difer./Signiff. 

1 Arad 6 77,00+3,97 11,54 100,00 Control   
2 Carmen 78,20+6,28 17,96 101,56 1,20   
3 Kalacsai 85,60+4,91 12,81 111,17 8,60   
4 Csardas 79,80+3,92 10,97 103,64 2,80   
5 Karmina 89,20+4,02 10,07 115,84 12,20   
6 Alewa WK 99,80+4,69 10,52 129,61 22,80***   
7 NS 6 87,40+6,54 16,73 113,51 10,40   
8 Arad 6 x Carmen 69,20+4,85 15,68 89,87 -7,80 88,49 -9,00 
9 Arad 6 x Kalacsai 80,20+2,56 7,13 104,16 3,20 93,69 -5,40 
10 Arad 6 x Csardas 85,40+3,26 8,55 110,91 8,40 107,02 5,60 
11 Arad 6 x Karmina 87,80+3,72 9,47 114,03 10,80 98,43 -1,40 
12 Arad 6 x Alewa WK 92,80+1,98 4,78 120,52 15,80* 92,99 -7,00 
13 Arad 6 x NS 6 84,60+2,44 6,45 109,87 7,60 96,80 -2,80 

 

LSD 5% LSD 1% LSD 0.1 % 
12,61 mm 16,84 mm 21,97 mm 

 

Table 3 
Values of fruit length in F1 hybrids comparing with middle parent and best parent 

Genitors P F1  F1-  F1 / (%) F1- BP F1/ BP(%) 
Arad 6 77,00       
Carmen 78,20 69,20 77,6 -8,40 89,18 -8,40 88,49 
Kalacsai 85,60 80,20 81,3 -1,10 98,65 -1,10 93,69 
Csardas 79,80 85,40 78,4 7,00 108,93 7,00 107,02 
Karmina 89,20 87,80 83,1 4,70 105,66 4,70 98,43 

Alewa WK 99,80 92,80 88,4 4,40 104,98 4,40 92,99 
NS 6 87,40 84,60 82,2 2,40 102,92 2,40 96,80 
Total 520,00 500,00  9,00    
Mean 86,67 83,33      

 

 

 The highest values of cis type heterosis for 
fruit length was observed for combinations Arad 6 x 
Csardas (8,93 %); Arad 6 x Karmina (5,66 %); Arad 6 
x Alewa WK (4,98 %). In case of combinations Arad 6 
x Carmen şi Arad 6 x Kalacsai F1 hybrids presented an 
inferior fruit length to parents average, having in mind 
the high level of genetic similarity between cultivars. 
Trans heterosis recorded positive values only in case of 
combination Arad 6 x Csardas (7,02 %). 

According to data presented in table 4 and 
figure 1, we may observe that approximately 61,88 % 
from this trait variability in F1 hybrids can be expressed 
through regression. Reduced values F for regression 
ratio indicate the fact that deviations from that ratio are 
due to some accidental errors. Depending on 
distribution of parental forms to regression line, it is 
observed that in genetic determinism of fruit length for 

hybrids of cultivars NS 6, Alewa WK, Karmina and 
Kalacsai, polygenes with additive effect are acting. 

Table 4. 
Variance analysis for F1 hybrids regression and 

variable parent for fruit length 
Variation source SS DF MS 

Variable parents (Pj) 299,41 5 59,88 
F1 hybrids 325,01 5 65,00 

F1- [(Pi+Pj)/2] 154,48 5 30,90 
F1/Pj covariance 245,39 5 49,08 

Regression 201,11 1 201,11 
Residual 123,90 4 41,30 

    Frap..reg= 0,34  (F5%= 2,30)   F.reg= 4,89  (F5%= 10,20) 
For hybrids of cultivars Csardas and Carmen 

fruit length is controlled by other gene effects or highly 
influenced by environmental conditions.  
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Fig. 1. Regression of paprika pepper hybrids for fruit length 
 

 
Table 5. 

Breeding potential of hybrid combinations concerning the proportion of recombinant lines (RL %)  
with a fruit length of 95 mm and the number of lines necessary to be selected (n) 

 
Combination F1 (mm) s RL % n5% n1% n0,1% 

Arad 6 x Carmen 69,20 10,84 8,65 33 51 76 
Arad 6 x Kalacsai 80,20 5,72 0,47 636 978 1466 
Arad 6 x Csardas 85,40 7,30 9,51 30 46 69 
Arad 6 x Karmina 87,80 8,32 19,21 14 22 32 

Arad 6 x Alewa WK 92,80 4,44 30,85 8 12 19 
Arad 6 x NS 6 84,60 5,46 2,80 105 162 243 

 
 
 
Genes involved in determinism of fruit length 

for studied combinations with this set of genitors, 
manifest an incomplete dominance with value of mean 
55% for alleles that increase the value of this trait. 

According to data presented in table 5, it can 
be observed that the highest fruit length breeding 
potential is presented by combinations Arad 6 x Alewa 
WK, which offer the possibility of selecting 30,85 % 
recombinant lines with a fruit length of at least 95 mm. In 
order to achieve this objective in proportion of 95 % 
selection of minimum 8 lines is required, respectively 19 
lines for precision of 99,9 %. 
 Also combination Arad 6 x Karmina presents an 
increased potential offering the possibility of selecting 
proportion of 19,21 % recombinant lines with a fruit 
length of minimum 95 mm. Achieving the objective in 
proportion of  95 % presuming the choice of minimum 14 
lines from this combination. The lowest breeding potential 
of this trait is presented by combination Arad 6 x 
Kalacsai, which require selecting minimum 636 lines for 
achieving a percentage of 0,47 recombinant lines with a 
fruit length of 95mm.  
 

 
 
Conclusions 

 
         1.  The highest values of cis type heterosis for 
fruit length was observed for combinations Arad 6 x  
Csardas (8,93 %); Arad 6 x Karmina (5,66 %); Arad 6 
x Alewa WK (4,98 %).  
          2. In genetic determinism of fruit length for 
hybrids of cultivars NS 6, Alewa WK, Karmina and 
Kalacsai, polygenes with additive effect are acting.  
          3.  For hybrids of cultivars Csardas and Carmen 
fruit length is controlled by other gene effects or highly 
influenced by environmental conditions 
 

          4.  Genes involved in determinism of fruit length 
for studied combinations with this set of genitors, 
manifest an incomplete dominance with value of mean 
55% for alleles that increase the value of this trait. 
           5.  The highest fruit length breeding potential is 
presented by combinations Arad 6 x Alewa WK, which 
offer the possibility of selecting 30,85 % recombinant 
lines with a fruit length of at least 95 mm. 
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