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Abstract: Results of a three-year-long assessment of heterosis manifestation peculiarities 
in F1 C. annum hybrids based on fruit quality traits are presented. The selection of parental 
forms was carried out using forms with various alleles determining fruit quality (Ccs, Cl, norc, 
APRR-2) and disease resistance (Me-1, pm). Analysis of high heterosis in the hybrids revealed 
its diversified character for the majority of the signs studied, depending on the vegetation 
period conditions. According to the three-year average, the most frequent inheritance of 
yield was the dominance and overdominance followed by an increase in trait, whereas 
the inheritance of most biochemical characteristic have intermediate and overdominance 
types accompanied by a decrease in indicators. Based on the test results, we were able to 
identify hybrids that combine a high yielding capacity, a biological value of fruits and a high 
heterotic effect.
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1. Introduction
C. annuum fruits contain a large number of biologically ac-
tive substances, so this culture is important as the functional 
foods of people. An important direction in the breeding and 
genetics of this culture is the development of varieties and 
hybrids with a high yielding capacity and better biochemical 
characteristics. Considering that yielding capacity is a quan-
titative trait, where a summing effect of alleles leads to a high 
heterotic effect and quality traits are determined by a small 
number of alleles, some aspects of heterosis manifested by 
yield and fruit quality traits in F1 C. annum hybrids are given 
a brief overview in our research.

2. Materials and methods
As an experimental material, 9 parental forms and 16 F1 
hybrids of sweet pepper (crossing schemes 8 × 1 and 1 × 8) 
were studied in plastic unheated greenhouses (Table 1). Each 
line was selected using MAS methods with a specific set of 
genes for fruit quality and disease resistance: L 45-11 (1, ccs/
cl/norc427/pm), ‘Zholty buket’ (2, ZB, ccs/Сl/norc424/pm), 
L 160-10 (3, Сcs/Сl/norc427/Me1/pm), ‘Shokoladnaya krasa-
vitsa’ (4, SK, cl/Ccs/Me1/pm/norc427), ‘Cherniy Krasavec’ 
(5, CK, Сl/Сcs/pm/norc427), ‘Oranzhevoe naslаzhdenie’ (6, 
ON, ccs/Cl/norc427/Me1 /pm), ‘Sireneviy’ (7, Si, ccs/Cl/
norc424/APRR-2-likewh/pm), L-80 (8, Ccs/Cl/norc427/pm), 
and L 140/10 (9, Ccs/Cl /norc427/pm). The Ccs allele provides 
for capsanthin and capsorubin accumulation in fruits, while 
ccs ensures their absence (Lang et al., 2004). The cl allele 
slows down the destruction of chlorophyll (Borovsky et al., 
2008); norc affects ontogenetic stages (Babak et al., 2019). 
The APRR-like (white) allele is associated with the low accu-
mulation of pigments in fruits (Pan et al., 2013). The pm allele 
provides for resistance to powdery mildew (Paran et al., 2009) 
and the Me1 allele determines nematode resistance (Fazari et 
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al., 2012). The features of the traits’ manifestation in hybrids 
were evaluated during a three-year period (2016–2018) by 
the value of a dominance degree (Hp, Zhuchenko, 1980). As 
a standard, the pepper variety ‘Troika’ was used. 

3. Results and discussion
Fruit yield value is shown in Table 1.

Based on the data presented, three hybrids surpassed the 
standard variety ‘Troika’ for their early yield and 10 hybrids, 
for their commercial and total yielding capacity. The fruit mass 
of all test forms was higher than that of the standard. Hetero-
sis values in the hybrids varied depending on the conditions 
during the year. At the same time, according to average yield 
values, most hybrids showed dominance and overdominance 
towards the increased trait values, which is well illustrated 
by the peculiarities of the Нр value distribution in Figure 1.

Figure 2 shows the values of the measures reflecting the 
biochemical composition of the fruits.

By the content of dry matter, soluble carbohydrates and vi-
tamin C, most hybrids were not comparable with the standard 
variety, but they were inferior to the standard by a carotenoid 
content. Based on the three-year test results, valuable F1 hy-
brids were identified (L45-11 × ‘Shokoladnaya krasavitsa’, 
L45-11 × ‘Zhelty buket’, L45-11 × L140/0, L140/0 × L45-11), 
with a dry matter content of 8.18-8.77 %; carotene, 19.95-
32.73 mg/kg; vitamin C, 112.49-144.4 mg/kg; and soluble 
carbohydrates, 4.36–4.77 %. 

Figure 3 shows the inheritance of phenotypic manifesta-
tion of biochemical traits. According to the figures presented, 
heterosis effects in the hybrids studied are multidirectional, 
which is, in our opinion, determined by different compositions 
of fruit quality alleles. Furthermore, accumulation of dry mat-
ter and carotene in 50 % of the hybrids was inherited inter- 
mediately. 
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Table 1
Yield traits of pepper parental forms and their F1 hybrids (the average for 2016-2018).

N Sample designation Fruit yield, kg/m2 Fw*, g

Y* C* G*

1 L4511 0.15 2.93 3.01 113.7

2 ZB 0.41 3.76 3.93 120.3

3 L160/10 0.25 3.78 3.94 144.2

4 SK 0.11 4.69 4.77 155.1

5 CK 0.37 1.85 1.93 94.2

6 ON 0.53 3.61 3.72 118.6

7 Si 0.04 4.61 4.76 131.7

8 L80 0.24 3.50 3.64 157.3

9 L140/0 0.35 3.95 4.12 147.3

10 L4511 × L80 0.13 2.53 2.63 172.8

11 L4511 × ON 0.93 4.33 4.43 146.7

12 L4511 × Si 0.34 2.76 2.83 115.8

13 L4511 × SK 0.68 4.16 4.27 162.1

14 L4511 × L160/10 0.77 4.97 5.01 175.4

15 L4511 × CK 0.38 3.20 3.27 147.9

16 L4511 × ZB 0.69 3.63 3.79 127.8

17 L4511 × L140/0 0.29 3.55 3.71 154.9

18 L80 × L4511 0.60 4.11 4.22 164.9

19 L140/0 × L4511 0.74 4.23 4.40 136.6

20 ON × L4511 0.08 4.37 4.45 128.7

21 Si × L4511 0.23 3.43 3.49 136.9

22 SK × L4511 0.57 4.81 4.94 169.0

23 L160/10 × L4511 0.37 5.70 5.89 158.8

24 CK × L4511 0.91 4.21 4.23 122.4

25 ZB × L4511 0.91 3.76 3.92 136.5

26 Troika (st) 0.82 3.98 4.12 88.5

* Y: yearly’ C: commercial’ G: gross; Fw: fruit weight.

Figure 1. Peculiarities of dominance degree (Hp) manifestation in pepper 
hybrids by yield traits (average for 2016–2018 in %).

Figure 2. Manifestation of biochemical traits of the pepper parental 
forms and their F1 hybrids (the average for 2016-2018). Numbering of 
samples as in Table 1.
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4. Conclusions
Our investigations generally show that, according to the three-
year average, the most frequent inheritance of yield was the 
dominance and overdominance followed by an increase in 
yield traits, whereas the manifestation of the most biochemical 
traits have an intermediate type and overdominance accom-
panied by a decrease in indicators. 

In this regard, we recommend to combine – in order to de-
velop highly productive hybrids with improved biochemical 
qualities and resistant to diseases – the methods of classical 
heterotic breeding to increase yielding capacity and MAS 
methods to enhance disease resistance and improve the bio-
chemical composition of fruits. 

Based on the test results, we were able to identify hybrids 
that combine a high yielding capacity, a biochemical value of 
fruits and a high heterotic effect. Three best hybrid combina-
tions with a complex of biometric features were selected and 
transferred to the State Inspection for Testing and Protection 
of Plant Varieties of the Republic of Belarus.
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Figure 3. Level of dominance inheritance in manifestation of biochemical traits in pepper hybrids.
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