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Abstract: Tomatoes contain many vitamins and minerals, 
and the antioxidant potential is provided by the carotenoid pig-
ment lycopene. The main direction of our research is the im-
provement of the quality of tomato fruits, the assessment of the 
general and specific combining ability of five parental forms of 
tomato, and the establishment of the character of inheritance. 
Three medium-ripe lines (№492; №494; LK490) and two geno-
types (Dark Green, T-3627) with mutant genes for increased 
lycopene content in fruits (hp-2dg, Bc) were selected for diallel 
crossing (5 х 5). The conducted genetic analysis showed that 
the content of lycopene in tomato fruits is controlled by an 
additive-dominant genetic system. The main role in the genetic 
control of traits is played by the additive effects of genes, which 
allows selection by phenotype, starting from the second hybrid 
generation. Inheritance of lycopene content in tomato fruits 
occurs by the type of incomplete dominance. A high (posi-
tive assessment of the effects) of the general combining ability 
(GCA) according to the content of lycopene in tomato fruits 
over the three years of research had the Dark Green genotype 
(0.48-0.54), the LK 490 line (0.26-1.68), genotype T-3627 (0.38-
1.09)−for two years. 

Key words: tomato, combining ability, lycopene content 
in fruits, hybrid, breeding

Kombinacijska sposobnost starševskih oblik F1 križancev 
paradižnika za dedovanje lastnosti vsebnosti likopena vplo-
dovih

Izvleček: Paradižnik vsebuje mnogo vitaminov in min-
eralov, njegov antioksidacijski potencial daje vsebnost ka-
rotenoida likopena. Glavni namen raziskave je bil preučiti 
možnost izboljšanja kakovosti plodov, oceniti sposob-
nost splošne in posebne kombinacijske sposobnosti petih 
starševskih oblik paradižnika in ugotoviti način dedovanja. 
Tri linije s srednjo zgodnostjo zorenja (№492; №494; LK490) 
in dva genotipa (Dark Green, T-3627) s spremenjenimi geni 
za povečanje vsebnosti likopena v plodovih (hp-2dg, Bc) so bili 
izbrani za dialelno križanje (5 х 5). Genetska analiza je poka-
zala, da je vsebnost likopena v plodovih paradižnika uravna-
vana z aditivno-dominantnim sistemom dedovanja. Glavno 
vlogo pri uravnavanja te lastnosti imajo aditivni učinki 
genov, kar omogoča izbor fenotipov z začetkom v drugi gen-
eraciji križancev. Dedovanje vsebnosti likopena v plodovih 
paradižnika popteka z nepopolno dominanco. Veliko splošno 
kombinacijsko sposobnost (GCA), ocenjeno po pozitivnih 
učinkih glede na vsebnost likopena v plodovih je imel v treh 
letih poskusa genotip Dark Green (0,48-0,54), linija LK 490 
(0,26-1,68) in genotip T-3627 (0,38-1,09) sta to izkazala v 
dveh letih.

Ključne besede: paradižnik, kombinacijska sposobnost, 
vsebnost likopena v plodovih, križanec, žlahtnenje
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1	 INTRODUCTION

Tomato (Solanum lycopersicum L.) is one of the most 
popular fresh vegetables on the world market and occu-
pies a leading position in industrial production (Costa 
& Heuvelink, 2018; Selvaggi et al., 2021). The health 
benefits of tomatoes are confirmed by scientific research 
and human experience. They are the main source of the 
antioxidant lycopene, which helps in the treatment of 
many diseases, and also contain easily digestible carbo-
hydrates, pectin substances, rich in vitamins (Poobalan 
et al., 2019; Madia et al., 2021; Akbari et al., 2022). They 
have antibacterial and anti-inflammatory effects, regulate 
the work of the nervous system, they contain a certain 
amount of phytoncids (Raiola et al., 2014; Sachdeva et al., 
2020). Not only this, but they are the main raw material 
for the cannery industry, as well as active consumption in 
fresh form for salads and other dishes (Wang et al., 2022; 
Meng et al., 2022).

Lycopene is a powerful antioxidant and phytonutri-
ent which plays a major role in human life (Arain et al., 
2018; Liang et al., 2019; Imran et al., 2020; Li et al., 2021). 
It has a positive effect on the body’s metabolic processes, 
activates brain activity, normalizes digestive tract activ-
ity, improves liver, kidney and genital functions (Sun 
et al., 2021; Arballo et al., 2021; Abenavoli et al., 2022). 
According to research, the bioavailability of lycopene in 
heat-treated tomatoes (tomato pastas, sauces, ketchups) 
increases compared to fresh tomatoes, which makes it 
particularly useful for processing (Vitucci et al., 2021; 
Wu et al., 2022; Tchonkouang et al., 2022).

Currently, there is a worldwide trend towards a 
healthy diet that is increasing demand for quality prod-
ucts, including tomatoes. The creation of varieties and 
hybrids with an increased content of lycopene is impor-
tant to ensuring consumer demand. Our research aims 
to involve accessions with hp-2dg, Bc mutant genes in the 
breeding process schema, that provides high-value geno-
types for future work. The prospects of this direction of 
research are determined by the successful expansion by 
scientists of the gene pool of tomato varieties and hybrids 
with an increased content of lycopene in the fruits.

2	 MATERIALS AND METHODS

The basis of our research was the identification of 
parental forms with high combining ability and carrying 
out genetic analysis to establish the parameters and char-
acter of inheritance of lycopene content in tomato fruits.

The research was carried out in 2017-2019 at the ex-
perimental field of the Cherkasy research station of the 
National Scientific Center «Institute of Agriculture of 

the National Academy of Agrarian Sciences of Ukraine» 
(Kholodnyanske) (490 N at 310 52' E), Ukraine. 

The basic material for the study was five parent 
forms: lines №492, №494, LK490, genotypes Dark Green, 
T-3627 and twenty F1 hybrids obtained according to the 
complete diallel scheme. Experiments were conduct-
ed according to the one-factor method of Dospekhov 
(1985). Analysis of data on lycopene content in fruits was 
carried out using diallel and genetic analysis (Yates, 1947; 
Hayman, 1954; Jinks, 1954; Fedin, 1970). Combining 
ability (general and specific) was determined according 
to the first scheme of Griffing (1956).

Determination of lycopene content in tomato fruits 
was carried out according to the simplified method of 
determination of lycopene by I.K. Murry “Methods of 
biochemical research of plants” (Ermakov et al., 1952). 
Tomato fruits for research were selected in the phase of 
full ripeness. Powdered anhydrous sodium sulfate Na-
2SO4 was used as an adsorbent. Extraction of lycopene 
from plant material was carried out with a mixture of 
hexane-acetone (96:4). Indicators were determined on a 
spectrophotometer using two scales, 451 and 503. Statis-
tical analysis of the results was performed according to 
the methodology formula in three repetitions (Barrett & 
Anthony, 2000; Brandt at al., 2003; Anthony & Barrett, 
2006; Alda at al., 2009).

3	 RESULTS AND DISCUSSION

Over three years of research, significant differences 
between the options have been established, one can ex-
pect unequal content of lycopene in fruits, differences in 
the combining ability (general or specific) of the studied 
parental components (Table 1).

It was established that high lycopene content was in 
LK490 line (4.7-11.0 mg 100 g-1), Dark Green genotype 
(6.6-10.6) and T-3627 (5.6-8.1 mg 100  g-1). The lowest 
content in line №492 (1.7-4.0) and №494 (2.1-4.2 mg 
100 g-1) (Table 2). 

Average indicators of lycopene content in hybrids 
with the participation of the LK490 line (3.2-8.2 mg 
100 g-1), Dark Green genotype (3.5-7.1) and T-3627 (3.4-
6.7 mg 100 g-1) exceed the average group indicators for 
parental components. At the same time, hybrids with the 
participation of lines №492 and №494 showed lower in-
dicators compared to the average group. The difference 
between the average indicator of F1 and the average indi-
cator of the original forms is negative (during the three 
years of research), that is, the lower expression of the trait 
dominates.

The conducted analysis of variance of combining 
ability (Table 3) indicates reliable differences in general 
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Genotype T-3627 had high positive values of GCA for 
two years of research (0.38-1.09) (Table 4).

Lines №492 and №494 had low (significant negative 
effect) GCA values−(from minus 1.13 to minus 0.33) and 
(from minus 1.08 to minus 0.79), respectively, so it is un-
desirable to use them for creating heterotic hybrids.

As a result of the conducted research, reliable dif-
ferences in specific combining ability (SCA) were es-
tablished. To identify lines and genotypes with high or 
low SCA, the variance for each parental component was 
calculated for comparison with the overall average value 
(Table 5).

High reliable values of SCA were observed in two 
years of research in Dark Green and T-3627 genotypes, 
and in one year in line LK490.

The variances of the effects of general (δgi
2) and spe-

cific (δSi
2) combining ability were compared. It was estab-

lished that in line №494 for three years of research, line 
№492 for two years of research, genotypes Dark Green, 
T-3627, line LK490 for one year, the variance of GCA is 
greater than the variance of SCA, which indicates the su-
periority of additive effects of genes in the genetic con-
trol of the trait “lycopene content in fruits”. This makes it 
possible to recommend selection in the breeding process 
by phenotype. At the same time, a significant contribu-
tion of non-additive effects was revealed, as evidenced by 
the superiority of SCA variance over GCA in genotypes 

Years Type of scattering Sum of squares Degree of freedom Middle square F calc. F таbl.

2017

General 342.7 74
Repetitions 0.2 2
Options 333.7 24 13.9* 76.4 1.74
Residual 8.7 48 0.2

LSD05 0.7

2018

General 142.3 74

Repetitions 1.1 2
Options 124.4 24 5.2* 14.8 1.74
Residual 16.8 48 0.4
LSD05 1.0

2019

General 169.5 74
Repetitions 2.1 2
Options 142.7 24 6.0* 11.5 1.74
Residual 24.7 48 0.5
LSD05 1.2

Таble 1: Analysis of variance of lycopene content in tomato fruit

* Significant at 5 % level

Lines,

genotypes

Years of research

2017 2018 2019

Р F1 Р F1 Р F1

№492 4.0 5.5 1.7 2.6 4.0 4.5

№494 4.2 5.6 2.1 2.2 3.3 4.6

LK490 11.0 8.2 4.7 3.2 7.6 6.2

Dark Green 10.6 7.1 6.6 3.5 6.9 6.1

Т-3627 8.1 6.2 5.6 3.4 7.4 6.7

x̄ 7.6 6.5 4.1 3.0 5.9 5.6

LSD05 0.71 0.99 1.20

Таble 2: Average value of lycopene content in tomato fruits 
in the parental lines, genotypes, (x̄P) and hybrids (x̄F1), mg 
100 g-1

and specific combining ability. In addition, a significant 
reciprocal effect was found in 2017 and 2018.

The genotype Dark Green (0.48-0.54) and the line 
LK490 (0.26-1.68) had a high (reliable positive assess-
ment of effects) general combining ability (GCA) for 
lycopene content in fruits over three years of research. 
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of Dark Green, T-3627, line LK490 over two years of re-
search.

Genetic analysis by Hayman (1954), Jinks (1954) 
did not reveal an epistatic interaction of genes, the con-
tent of lycopene in fruits is determined by an additive-
dominant genetic system (Fig. 1-3).

This is confirmed by the high significance of indi-
cators D and H1, which characterize the variability of 
lycopene content in tomato fruits (Table 6). The values 

H1 and H2 are unequal, which indicates the presence of 
alleles that are unevenly distributed among the parental 
components. The value of H2/4H1 indicator deviates 
from the level of 0.25 and is 0.17-0.18, which indicates 
an unequal number of genes with dominant and reces-
sive alleles in the parental components. The parameter 

FDH
FDH

−
+

14
14  ranged from 1.03-2.90, which indicates a more 

pronounced effect of dominant gene alleles in the studied 

lines and samples.
The value of parameter D, which measures additive 

variability in the population, was higher compared to 
values of H1, which measures the dominant variability 
over two years of research. Values H1 > H2, which in-
dicates an unequal ratio of positive and negative effects.

Positive reliable values of F (F > 0) indicate a more 
pronounced influence of dominant alleles in the set of 
studied lines and samples.

Over two years of research, the average degree of 
dominance was 0.33-0.82. The regression line crosses the 
positive part of Wr axis, so it is possible to claim incom-
plete dominance at all loci. In 2018, there was a tendency 
to dominate, but it is unreliable.

The parameter h2/H2 is determined in case of a 
significant difference. Such a difference was observed in 
2017 and 2018. This made it possible to calculate the val-
ue of this indicator, which is 7.96 and 11.56, respectively. 

Years Type of scattering Sum of squares Degrees of freedom Middle square F calc. F tаbl.

2017
Hybrids 333.7 24 13.9* 76.4 1.79

GCA 50.4 4 12.6* 208.0 2.61
SCA 25.6 10 2.6* 42.3 2.08
Reciprocals 35.2 10 3.5* 58.0 2.08
Residual 2.9 48 0.1*

2018
Hybrids 124.4 24 5.2* 14.7 1.79

GCA 11.8 4 3.0* 25.3 2.61
SCA 21.2 10 2.1* 18.1 2.08
Reciprocals 8.5 10 0.9* 7.3 2.08
Residual 5.6 48 0.1*

2019
Hybrids 142.7 24 5.9* 11.8 1.79

GCA 42.4 4 10.6* 63.2 2.61
SCA 2.4 10 0.2* 1.4 2.08
Reciprocals 2.7 10 0.3* 1.6 2.08
Residual 8.1 48 0.2*

* Significant at 5 % level

Lines,

genotypes
Years

2017 2018 2019
№492 -1.01* -0.33* -1.13*

№494 -0.90* -0.79* -1.08*

LK490 1.68* 0,26* 0.60*

Dark Green 0.54* 0,48* 0.52*

Т-3627 -0.30* 0.38* 1.09*

LSD05 0.14 0.19 0.23

Таble 3: Analysis of variance of the combining ability of lycopene content in tomato fruits

Таble 4: Evaluation of effects of general combining ability 
(GCA) of lycopene content in tomato fruits

* Significant at 5 % level



Acta agriculturae Slovenica, 121/1 – 2025 5

Combining ability of parental forms, inheritance of the trait of lycopene content in fruits of F1 tomato hybrids

Lines, genotypes Years №494 LK 490 Dark Green Т-3627 δSi
2 δgi

2

№492
2017 0.18 0.68* -0.23 -0.15 0.10 1.01

2018 0.04 0.23 -0.45* 0.85* 0.16 0.09

2019 -0.09 -0.27 -0.02 -0.23 -0.09 1.26

№494
2017 0.39* -0.34* 0.34* 0.06 0.80

2018 -0.01 -0.09 -0.63* 0.01 0.60

2019 -0.11 -0.10 0.45 -0.07 1.15

LK490
2017 -1.10* -1.06* 0.69* 2.81

2018 -0.73* -0.67* 0.17 0.05

2019 -0.37 -0.10 -0.07 0.34

Dark Green 2017 -1.32* 0.74* 0.28

2018 -1.38* 0.57* 0.21

2019 0.22 -0.08 0.25

Т-3627
2017 0.71* 0.08

2018 0.78* 0.12

2019 -0.05 1.17

Average value 2017 0.46

2018 0.34

2019 -0.07

Таble 5: Estimation of variances of general combining ability (GCA) and specific combining ability (SCA) for lines and genotypes 
of lycopene content in tomato fruits of 2017-2019

* Significant at 5 % level -Note. δSi
2 - variance of the effect of specific combining ability; δgi

2-variance of the effect of general combining ability.

Figure 1: Graph of the dependence of Wr by Vr content of ly-
copene in tomato fruits, 2017 1-Line №492; 2-Line №494; 3 - 
Line LK490; 4 - Genotype Dark Green; 5 - Genotype T-3627.

Figure 2: Graph of the dependence of Wr by Vr content of 
lycopene in tomato fruits, 2018 1-Line №492; 2-Line №494; 
3-Line LK490; 4-Genotype Dark Green; 5-Genotype T-3627.
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Parameters
Years

2017 2018 2019

D 11.28 ± 0.81 4.57 ± 0.65 4.07 ± 0.03

F 8.73 ± 2.02 4.93 ± 1.63 0.04 ± 0.06

H1 7.52 ± 2.06 5.58 ± 1.66 0.43 ± 0.06

H2 5.00 ± 1.98 4.00 ± 1.60 0.14 ± 0.06

h2 39.70 ± 1.34 46.25 ± 1.08 2.04 ± 0.04

E 0.06 ± 0.33 0.12 ± 0.27 0.17 ± 0.01

Н1/D 0.67 1.22 0.11

√H1/D 0.82 1.11 0.33

Н2/4H1 0.17 0.18 0.08

FDH
FDH

−
+

14
14 2.80 2.90 1.03

h2/H2 7.93 11.56 14.14

Сonditionally dominant(CD) 6.13 2.08 5.85

Сonditionally recessive( CR) 11.65 9.96 5.84

Figure 3: Graph of the dependence of Wr by Vr content of 
lycopene in tomato fruits, 2019 1 - Line №492; 2-Line №494; 
3-Line LK490; 4 - Genotype Dark Green; 5-Genotype T-3627. 

Таble 6: Genetic parameters of lycopene content in tomato fruits

gene action to the phenotypic manifestation of the trait 
in F1 hybrids, were obtained in 2017, the lowest in 2019 
(Table 7).

Lines №492 and №494, LK490, genotype T-3627 
had reliable positive effects in two years of research, 
in one year − Dark Green genotype. This indicates the 
dominance of dominant alleles in the indicated lines and 
samples, one year recessive alleles prevailed.

The correlation coefficient between the average val-
ues of lycopene content in tomato fruits of parents (x̄p) 
and the sum (Wr + Vr) in 2017 and 2018 was 0.21-0.67 
(Table 8). Values of high positive correlation indicate the 
increasing of the trait by recessive genes. A negative im-
plausible value of the correlation coefficient in 2019 indi-
cates the absence of a dominant direction.

The theoretical values of Wdom + Vdom and Wrec + Vrec 
for lines and genotypes carrying all dominant and reces-
sive alleles were determined on the basis of the correla-
tion coefficient between the average values of parental 
component traits in parents (x̄p) and the sum (Wr + Vr). 
A line or sample that theoretically had all dominant al-
leles was characterized by the value Wdom + Vdom – 6.13 
(2017); 2.08 (2018) and 5.85 (2019). The theoretical value 
of Wrec + Vrec of the parental component with the largest 

That is, the studied parental components differed among 
themselves from eight to twelve groups of genes, demon-
strating the dominance effect.

The highest indicators of the F parameter, which re-
flects the relative contribution of additive and dominant 
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number of recessive genes was 11.65 (2017); 9.96 (2018) 
and 5.84 (2019).

With the help of regression graphs (Fig. 1−3), we 
obtained more complete information about the manifes-
tation of dominant and recessive effects.

According to the results of the F1 evaluation, the 
point with the greatest recessiveness was approached by 
the Dark Green genotype, which had 75 percent recessive 
alleles in 2017. Parental components were located in the 
zone of dominance in 2018 and had 100 % dominant al-
leles. Line LK490, characterized by the highest lycopene 
content in fruit, was located closer to the zone with the 
greatest recessiveness in 2019. The Dark Green genotype 
point is in the middle of the regression line. The point of 
line №492 (with low lycopene content in fruits) lies closer 
to the zone with the greatest dominance.

4	 DISCUSSION

The significance of the work is due to the need to 
solve the important task of expanding the genetic diver-
sity of tomato source material with increased lycopene 
content in fruits, studying the inheritance of valuable 
economic traits and determining their breeding value in 
hybrid generations, to increase the effectiveness of breed-
ing work to create new varieties and hybrids of tomatoes 
with improved nutritional properties. Highly pigmented 
forms with hp-2dg, Bc genes are used in the breeding pro-
cess to create valuable varietal diversity, which contribute 
to increasing the level of lycopene in fruits.

The work carried out on the study of the character of 
variability and inheritance in the future makes it possible 
to effectively forecast breeding work with minimal time 

expenditure. The created new assortment of tomatoes 
will expand market opportunities for the consumer and 
will serve as a basis for further breeding work.

5	 CONCLUSIONS

Five parental forms of tomato (Solanum lycopersi-
cum L.) to determine the combining ability were studied. 
Twenty F1 hybrids obtained according to the full dial-
lel scheme (5 x 5) were used to study the inheritance of 
the trait “lycopene content in fruits”. Lines №492, №494, 
LK490 and two collection genotypes with an increased 
content of lycopene in fruits were used as parental forms 
in the diallel crossing system according to Hayman 
(1954) and Jinks (1954): Dark green (hp-2dg), T- 3627(Bc).

An assessment of the general and specific combin-
ing ability of five initial forms of tomato evaluated on the 
trait “lycopene content in fruits”, the character of inherit-
ance of the characteristic was determined. According to 
the research results, it was established that the lycopene 
content in fruits is controlled by an additive-dominant 
genetic system. The trait is inherited by the incomplete 
dominance. The direction of dominance changes − from 
the dominance of genes that reduce the manifestation of 
the trait to its absence.

Over the three years of research, the LK 490 line 
(0.26-1.68) and the Dark Green genotype (0.48-0.54) 
had a high (reliably positive assessment of effects) GCA, 
over two years − the T-3627 genotype (0.38-1.09). They 
can be recommended for creating heterotic hybrids and 
varieties.

6	 REFERENCES

Abenavoli, L., Procopio, A. C., Paravati, M. R., Costa, G., Milić, 
N., Alcaro, S., & Luzza, F. (2022). Mediterranean diet: the 

Lines, geno-
types

Years

2017 2018 2019

№492 8.19 ± 2.75* 5.08 ± 2.22* 1.93 ± 0.09*
№494 9.35 ± 2.75* 8.78 ± 2.22* -1.00 ± 0.09*

LK490 10.60 ± 2.75* 7.53 ± 2.22* -1.69 ± 0.09*

Dark Green 1.33 ± 2.75* -1.24 ± 2.22* -0.28 ± 0.09*

Т-3627 14.17 ± 2.75* 4.49 ± 2.22* 1.21 ± 0.09*

Таble 7: Estimation of the direction of dominance (F) by 
lycopene content in tomato fruits for each parental forms and 
their hybrids

* Significant at 5 % level

Indicator 2017 2018 2019 

Correlation (r) between 
Wr and Vr

0.67 0.71 1.00

Regression (b1) between 
Wr and Vr

0.74 0.53 0.96

Correlation (r) between  
x̄p and Wr and Vr

0.21 0.67 -0.001

Regression (b2) between  
x̄p and Wr and Vr

0.30 0.76 -0.003

Table 8: The results of correlation and regression analyses of 
lycopene content in tomato fruits



Acta agriculturae Slovenica, 121/1 – 20258

L. RUDAS et al.

beneficial effects of lycopene in non-alcoholic fatty liver 
disease. Journal of Clinical Medicine, 11(12), 3477. https://
doi.org/10.3390/jcm11123477

Akbari, B., Baghaei Yazdi, N., Bahmaie, M., & Mahdavi Abhari, 
F. (2022). The role of plant derived natural antioxidants in 
reduction of oxidative stress. BioFactors, 48(3), 611-633. 
https://doi.org/10.1002/biof.1831

Alda, L. M., Gogoasa, I., Bordean, D. M., Gergen, I., Alda, S., 
Moldovan, C., & Nita, L. (2009). Lycopene content of to-
matoes and tomato products. Journal of Agroalimentary 
Processes and Technologies, 15(4), 540-542.

Anthon, G., & Barrett, D. M. (2006, June). Standardization of 
a rapid spectrophotometric method for lycopene analysis. 
In X International Symposium on the Processing Tomato 
75 (pp. 111-128).

Arain, M. A., Mei, Z., Hassan, F. U., Saeed, M., Alagawany, M., 
Shar, A. H., & Rajput, I. R. (2018). Lycopene: a natural an-
tioxidant for prevention of heat-induced oxidative stress 
in poultry. World’s Poultry Science Journal, 74(1), 89-100. 
https://doi.org/10.1017/S0043933917001040

Arballo, J., Amengual, J., & Erdman Jr, J. W. (2021). Lyco-
pene: A critical review of digestion, absorption, metabo-
lism, and excretion. Antioxidants, 10(3), 342. https://doi.
org/10.3390/antiox10030342

Barrett, D. M., & Anthon, G. (2000, June). Lycopene content 
of California-grown tomato varieties. In VII International 
Symposium on the Processing Tomato 542 pp. 165-174).

Brandt, S., Lugasi, A., Barna, É., Hóvári, J., Pék, Z., & Helyes, 
L. (2003). Effects of the growing methods and conditions 
on the lycopene content of tomato fruits. Acta Alimentaria, 
32(3), 269-278.

Costa, J. M., & Heuvelink, E. P. (2018). The global tomato in-
dustry. In Tomatoes (pp. 1-26). Wallingford UK: CABI.

Dospekhov, B.A. (1985). Methods of field experience. Moscow: 
Agropromizdat, 352 p. [in Russian]

Ermakov, A.I., Arasymovych, V.V., Smirnova-Ikonnikova, M.I., 
Murri, I.K. (1952). Methods of biochemical research of 
plants. Moscow, Leningrad: Selkhozgiz, 520 p. [in Russian]

Fedin, M.A. (1970). About heterosis of wheat. Moscow: Kolos, 
240 p. [in Russian]

Griffing, B. (1956). Concept of general and specific combin-
ing ability in relation to diallel crossing systems. Australian 
Journal of Biological Sciences, 9(4), 463-493. https://doi.
org/10.1071/BI9560463

Hayman, B. I. (1954). The theory and analysis of diallel cross-
es. Genetics, 39(6), 789. https://doi.org/10.1093/genet-
ics/39.6.789

Imran, M., Ghorat, F., Ul-Haq, I., Ur-Rehman, H., Aslam, F., 
Heydari, M. & Rebezov, M. (2020). Lycopene as a natural 
antioxidant used to prevent human health disorders. Anti-
oxidants, 9(8), 706. https://doi.org/10.3390/antiox9080706

Jinks, J. L. (1954). The analysis of continuous variation in a dial-
lel cross of Nicotiana rustica varieties. Genetics, 39(6), 767. 
https://doi.org/10.1093/genetics/39.6.767

Liang, X., Ma, C., Yan, X., Liu, X., & Liu, F. (2019). Advances in 
research on bioactivity, metabolism, stability and delivery 
systems of lycopene. Trends in Food Science & Technology, 
93, 185-196. https://doi.org/10.1016/j.tifs.2019.08.019

Li, N., Wu, X., Zhuang, W., Xia, L., Chen, Y., Wu, C. & Zhou, 

Y. (2021). Tomato and lycopene and multiple health out-
comes: Umbrella review. Food Chemistry, 343, 128396. 
https://doi: 10.1016/j.foodchem.2020.128396

Madia, V. N., De Vita, D., Ialongo, D., Tudino, V., De Leo, A., 
Scipione, L., ... & Messore, A. (2021). Recent advances in 
recovery of lycopene from tomato waste: A potent antioxi-
dant with endless benefits Molecules, 26(15), 4495. https://
doi.org/10.3390/molecules26154495

Meng, F., Li, Y., Li, S., Chen, H., Shao, Z., Jian, Y. & Wang, Q. 
(2022). Carotenoid biofortification in tomato products 
along whole agro-food chain from field to fork. Trends 
in Food Science & Technology. https://doi.org/10.1016/j.
tifs.2022.04.023

Poobalan, V., Praneetha, S., Arumugam, T., Kumaravadivel, N., 
& Jeyakumar, P. (2019). Medicinal properties of vegetable 
crops. IJCS, 7(5), 1538-1542.

Raiola, A., Rigano, M. M., Calafiore, R., Frusciante, L., & Bar-
one, A. (2014). Enhancing the health-promoting effects of 
tomato fruit for biofortified food. Mediators of Inflamma-
tion, 2014. https://doi.org/10.1155/2014/139873

Sachdeva, V., Roy, A., & Bharadvaja, N. (2020). Current pros-
pects of nutraceuticals: A review. Current Pharmaceutical 
Biotechnology, 21(10), 884-896. https://doi.org/10.2174/13
89201021666200130113441

Selvaggi, R., Valenti, F., Pecorino, B., & Porto, S. M. (2021). As-
sessment of tomato peels suitable for producing biometh-
ane within the context of circular economy: A gis-based 
model analysis. Sustainability, 13(10), 5559. https://doi.
org/10.3390/su13105559

Sun, W., Shahrajabian, M. H., & Cheng, Q. (2021). Natural di-
etary and medicinal plants with anti-obesity therapeutics 
activities for treatment and prevention of obesity during 
lock down and in post-COVID-19 era Applied Sciences, 
11(17), 7889. https://doi.org/10.3390/app11177889

Tchonkouang, R. D. N., Antunes, M. D. C., & Vieira, M. M. C. 
(2022). Potential of Carotenoids from Fresh Tomatoes and 
Their Availability in Processed Tomato-Based Products. 
https://doi:10.5772/intechopen.103933

Vitucci, D., Amoresano, A., Nunziato, M., Muoio, S., Alfieri, 
A., Oriani, G. & Salvatore, F. (2021). Nutritional controlled 
preparation and administration of different tomato purées 
indicate increase of β-carotene and lycopene isoforms, and 
of antioxidant potential in human blood bioavailability: A 
pilot study. Nutrients, 13(4), 1336. https://doi.org/10.3390/
nu13041336

Wang, C., Li, M., Duan, X., Abu-Izneid, T., Rauf, A., Khan, Z. & 
Suleria, H. A. (2022). Phytochemical and nutritional profil-
ing of tomatoes; impact of processing on bioavailability-a 
comprehensive review. Food Reviews International, 1-25. 
https://doi.org/10.1080/87559129.2022.2097692

Wu, X., Yu, L., & Pehrsson, P. R. (2022). Are processed tomato 
products as nutritious as fresh tomatoes? Scoping review on 
the effects of industrial processing on nutrients and bioac-
tive compounds in tomatoes. Advances in Nutrition, 13(1), 
138-151. https://doi.org/10.1093/advances/nmab109

Yates, F. (1947). Analysis of data from all possible reciprocal 
crosses between a set of parental lines. Heredity, 1(3), 287-
301. https://doi.org/10.1038/hdy.1947.19

https://doi.org/10.3390/jcm11123477
https://doi.org/10.1002/biof.1831
https://doi.org/10.1017/S0043933917001040
https://doi.org/10.3390/antiox10030342
https://doi.org/10.3390/antiox10030342
https://doi.org/10.1071/BI9560463
https://doi.org/10.1071/BI9560463
https://doi.org/10.1093/genetics/39.6.789
https://doi.org/10.1093/genetics/39.6.789
https://doi.org/10.3390/antiox9080706
https://doi.org/10.1016/j.tifs.2019.08.019
https://doi.org/10.3390/molecules26154495
https://doi.org/10.1016/j.tifs.2022.04.023
https://doi.org/10.1016/j.tifs.2022.04.023
https://doi.org/10.1155/2014/139873
https://doi.org/10.2174/1389201021666200130113441
https://doi.org/10.2174/1389201021666200130113441
https://doi.org/10.3390/su13105559
https://doi.org/10.3390/su13105559
https://doi.org/10.3390/app11177889
https://doi.org/10.3390/nu13041336
https://doi.org/10.3390/nu13041336
https://doi.org/10.1080/87559129.2022.2097692
https://doi.org/10.1093/advances/nmab109

