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Abstract. The study of the inherited features of the genotype and the
directions of variability of breeding-valuable traits of strawberry varieties
and hybrid forms is an integral part of most researches in the field of this
crop breeding. The purpose of this work was to determine the most
promising strawberry varieties and hybrid selections by a complex of
economically significant characteristics based on the assessment of their
selection and genetic potential. In the period 2018-2020, 7 varieties and 17
inter-variety hybrids of strawberry were studied. Using methods of
multivariate mathematical statistics, including calculation of factor
contributions, estimation of principal components, and cluster analysis of
the hierarchical algorithm using the Ward method, the variability of
strawberry genotypes in terms of crop structure and quality was estimated.
It is shown that variety genotype makes a decisive contribution to the
variability of the studied forms. The model of the ideal variety was used as
a comparative criterion for promising varieties and hybrid selections. As a
result of clustering and combining the studied forms in the intervals of
Euclidean distances, a high assessment was made for the selection and
genetic potential of strawberry varieties Onda, Belrubi, Florence and Nelli,
as well as hybrid forms with their participation.

1 Introduction
Knowledge of the genotypic value of the parent forms and their hybrid progeny on the
basis of productivity and berry quality determines the success of the breeding work for the
strawberry crop. Currently, most of the selection and genetic studies are devoted to the
assessment of the genetic potential of the original parental forms [1-3].
Indicators of strawberry productivity and quality are determined by the genetic
characteristics of the varieties and the growing environment where the growth and
development of hybrid progeny takes place [4-6].
The need to increase the indicators of economically valuable strawberry characteristics
with a pronounced ecological zoning, due to the specific adaptation of the crop, stimulates
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the practical need for new strawberry genotypes that contribute to solving a number of
problems related to the quality of berries, the adaptability of varieties, their resistance to
diseases and pests [7-8].
The selection of the best strawberry genotypes based on several traits is a complex
multi-level process due to a wide range of variability in quantitative economic and
biological traits due to the octoploid nature of the genotypes and their heterozygosity,
which makes it difficult to select promising forms.
Recently, a number of studies have been devoted to the study of the breeding and
genetic potential of varieties and hybrids of garden strawberry based on the analysis of the
variability of the complex of economic and biological traits, which considered the issues of
the proximity of strawberry genotypes and the conjugacy of the studied parameters
variation [9-11].
Along with traditional methods of strawberry varieties and hybrid forms evaluation,
mathematical procedures of multidimensional modeling are often used simultaneously for a
complex of traits, revealing linear combinations of the studied complex of traits, describing
the mutual relationship of traits, as well as combining the studied objects taking into
account the genotypic similarity of the studied cultivars and their hybrid progeny [12-14].
In this regard, the use of mathematical procedures for multivariate analysis based on the
principal component analysis (PCA) and hierarchical cluster analysis based on the Ward
method, aimed at combining information about various characteristics into a single
quantitative value or graphical display, is appropriate for comparing and classifying
strawberry genotypes by a set of characteristics.
Based on market trends in demand for strawberries, the need to identify varieties and
hybrid forms with high yield and quality of berries increases. Therefore, the work aimed at
revealing the hereditary proximity of genotypes by a set of characteristics is relevant.
The purpose of our work was to determine the most promising strawberry varieties and
hybrid selections by a complex of economically valuable traits based on the assessment of
their selection and genetic potential.

2 Materials and methods
7 varieties and 17 inter-variety hybrids of garden strawberry were studied: Nelli, Florence,
Onda, Belrubi, Elizabeth II, Marmolada, Malling Pandora; 1-12-15, 11-1-15, 14-1-15, 3511-15, 35-12-15, 35-13-15 (Belrubi × Florence); 5-18-15, 5-17-15, 5-19-15 (Onda ×
Belrubi); 18-1-15 (Belrubi × Onda); 10-1-15 (Belrubi × Nelli); 20-1-15 (Onda × Elizabeth
II); 13-1-15 (Florence × Belrubi); 5-5-08, 2-14-08 (Malling Pandora × Marmolada); 1-1-08
(Selva × Marmolada); 1-11-08 (Selva × Belrubi). In the analysis of the variability of
varieties and hybrids in the period 2018-2020, 7 economically valuable traits of the berry
yield and quality structure were used.
Data on the traits were taken into account in accordance with the Program and
methodology of variety study of fruit, berry and nut crops.
The study of the structure of trait variability and identification of the best strawberry
genotypes by a set of traits, taking into account the selection and genetic potential, was
carried out using two-factor variance analysis and a number of methods of
multidimensional mathematical statistics: construction and analysis of the main
components, and cluster analysis by the Ward method. For statistical data analysis, a
specialized manual [15] and the software package Statistica v.10 were used.
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3 Results and discussion
To assess the genotypic diversity of strawberry varieties and hybrid selections and the
influence of the growing year on the implementation of the studied traits, we used the
variance analysis with the factors "genotype" and "year", which showed a statistically
significant influence of both factors and their interaction on the manifestation of all the
considered traits.
At the standard values of the F criterion for the 5% significance level for the factors
"genotype", "year" and the interaction "genotype × year" 1.53; 2.99 and 1.37, the obtained
estimates of the F criterion for the number of berries were 28.50; 6.20 and 1.60; for
maximum width of Ith order berry – 52.30; 5.0 and 3.0; for height of Ith order berry –
54.50; 4.0 and 3.30; for average berry weight for all collections – 39.80; 11.70 and 3.60; for
average weight of Ith order berry – 59.20; 5.60 and 3.40; for biological yield - 24.20; 10.50
and 2.40; for berry pulp density - 120.50; 4.30 and 2.50.
It was found that the variability of economically valuable traits is mainly determined by
the genotype of the studied strawberry forms, for which the share of influence in the total
variance ranged from 39.6 (berry yield) to 77.4% (berry pulp density).
The small influence of growing conditions (for "year" factor from 0.3 to 2.0% of the
total variance) can be explained by the preliminary careful selection of varieties and hybrids
for cultivation in this climatic zone.
The study of varieties and hybrids was continued by analyzing the contributions of
factors that reduce the dimension of the experimental data, while maintaining the total
amount of initial information. The factor is a determinant of the complex relationship of
several variation series according to field data. According to the analysis, linear
combinations of the first two factors combined more than 85% of the total variability in all
characteristics for the studied varieties and hybrids, which made it possible to graphically
display the studied forms on the plane in accordance with the specific proximity of the
genotypes to each other and to the "ideal variety" in terms of a set of characteristics (Figure
1). A hypothetical variety with the highest indicators of traits across the entire sample of
strawberry varieties and hybrids was used as the "ideal" one. When evaluating the breeding
and genetic potential of the studied samples, their proximity to the "ideal variety" was taken
into account.

Fig. 1. Results of factor analysis of strawberry varieties and hybrids
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1 – "ideal variety"; 2-8 – varieties Nelli (2), Florence (3), Onda (4), Belrubi (5),
Elizabeth II (6), Malling Pandora (7), Marmolada (8); 9-25 – hybrids 1-12-15 Belrubi ×
Florence (9), 11-1-15 Belrubi × Florence (10), 14-1-15 Belrubi × Florence (11), 35-11-15
Belrubi × Florence (12), 35-12-15 Belrubi × Florence (13), 35-13-15 Belrubi × Florence
(14), 18-1-15 Belrubi × Onda (15), 10-1-15 Belrubi × Nelli (16), 20-1-15 Onda × Elizabeth
II (17), 5-18-15 Onda × Belrubi (18), 5-17-15 Onda × Belrubi (19), 5-19-15 Onda × Belrubi
(20), 13-1-15 Florence × Belrubi (21), 5-5-08 Malling Pandora × Marmolada (22), 2-14-08
Malling Pandora × Marmolada (23), 1-1-08 Selva × Marmolada (24), 1-11-08 Selva ×
Belrubi (25).
Based on the analysis of the correlation matrix of a set of experimental indicators,
which determines the proximity of the studied objects to each other, an estimation of the
quantitative contributions of factors to the overall variability was obtained using the
principal component method.
It was found that further studies can use the first 4 main components that integrate 98 %
of the total variance of the 7 initial traits.
The combination of varieties and hybrid forms according to the calculated values of the
main components, in accordance with their proximity to the "ideal variety", determined by
the breeding and genetic potential, was carried out by constructing clusters according to the
Ward method, according to the distribution of intra-group and inter-group variance (Figure
2).

Fig. 2. Dendrite of strawberry varieties and hybrids by cluster analysis

When dividing the resulting dendrite by a fusion coefficient of 38 conventional units, 3
clusters were identified, combining varieties and hybrids:
1st cluster: 24 - 1-1-08 (Selva × Marmolada), 9 - 1-12-15 (Belrubi × Florence), 25 - 111-08 (Selva × Belrubi), 22 - 5-5-08 (Malling Pandora × Marmolada), 7 - Malling Pandora,
23 – 2-14-08 (Malling Pandora × Marmolada), 6 - Elizabeth II, 5 - Belrubi;
2nd cluster: 16 – 10-1-15 (Belrubi × Nelli), 11 – 14-1-15 (Belrubi × Florence), 13 – 3512-15 (Belrubi × Florence), 10 – 11-1-15 (Belrubi × Florence), 8 – Marmolada, 4 – Onda,
14 – 35-13-15 (Belrubi × Florence), 12 – 35-11-15 (Belrubi × Florence), 3 – Florence, 20 –
5-19-15 (Onda × Belrubi), 15 – 18-1-15 (Belrubi × Onda), 19 - 5-17-15 (Onda × Belrubi),
21 – 13-1-15 (Florence × Belrubi), 17 – 20-1-15 (Onda × Elizabeth II), 2 - Nelli;
3rd cluster: 18 – 5-18-15 (Onda × Belrubi), 1 - "ideal variety".
The verification of the statistical correctness of clustering using variance analysis based
on the initial values of the traits showed the reliability of the influence of the "cluster"
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factor for all the traits used in the construction of the main components. At the standard
value of the F criterion of 3.44 for the 5% significance level, the obtained values of this
criterion ranged from 5.20 to 49.0. The taken-into-account share of the factor's influence in
the variance values for individual characteristics was in the range from 33.7% (number of
berries) to 85.2% (density of berry pulp). Trait indicators in the obtained clusters are
presented in Table 1.
Table 1. Clusters by trait values
Trait
Number of berries, pcs/plant
Maximum width of the berry of Ith order, mm
Height of the berry of the Ith order, mm
Average berry weight for all collections, g
Average weight of the berry of Ith order, g
Yield, g/plant
Berry pulp density, g

1
53.90
26.64
28.40
12.03
19.70
667.80
295.66

Clusters
2
65.66
33.94
36.61
15.72
27.54
1039.67
384.77

3
89.08
37.90
38.64
16.28
29.91
1367.99
749.00

The maximum indicators of economically valuable characteristics of crop structure and
berry pulp density are observed in the third cluster, which includes the "ideal variety" and
the hybrid 5-18-15 Onda × Belrubi, which indicates the high genotypic value of this
number in terms of a set of characteristics for further breeding work on the development of
new strawberry varieties.
Varieties and hybrids from the second cluster, which united the majority of the studied
samples, may also have a breeding perspective for further work on the garden strawberry
crop. High values of the berry size of I th order, average weight of the berries and biological
yield indicate in favor of their breeding value.
The low values of the considered traits in the varieties and hybrids included in the first
cluster indicate a relatively low genotypically determined adaptive potential of these forms
under the appropriate growing conditions.
The breeding and genetic potential of varieties and hybrid forms with their participation
is closely related to the inheritance features of both individual traits and the entire set of
parameters that quantitatively characterize the studied strawberry genotypes features. In our
work, the Euclidean distances from the "ideal" to the varieties and hybrids, calculated in the
space of principal components, were used to estimate the inheritance of a complex of traits
that determines the breeding and genetic potential and the proximity of genotypes to each
other by the similarity of reactions to growing conditions. The obtained values of Euclidean
distances from 1.63 to 8.64 were grouped into three intervals according to the number of
clusters (Table 2).
Table 2. Groups of Euclidean distances from strawberry varieties and hybrids to the "ideal variety"
Varieties and hybrids
"Ideal variety", 5-18-15 Onda × Belrubi, 5-19-15 Onda × Belrubi
Nelli, 18-1-15 Belrubi × Onda, 11-1-15 Belrubi × Florence, 20-1-15 Onda
× Elizabeth II, 35-13-15 Belrubi × Florence, 13-1-15 Florence × Belrubi, 517-15 Onda × Belrubi, 35-12-15 Belrubi × Florence, 14-1-15 Belrubi ×
Florence, 35-11-15 Belrubi × Florence, Onda, Florence, 10-1-15 Belrubi ×
Nelli, Marmolada
Elizabeth II, 2-14-08 Malling Pandora × Marmolada, 5-5-08 Malling
Pandora × Marmolada, Belrubi, 1-12-15 Belrubi × Florence, Malling
Pandora, 1-11-08 Selva × Belrubi, 1-1-08 Selva × Marmolada
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Intervals of
Euclidean distances
0 – 2.13

Group

3.40 – 5.44

II

6.55 – 8.64

III

I
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The inherited mutual proximity of the studied varieties and hybrids, which characterizes
their breeding and genetic potential, is observed in all the groups obtained, according to the
variation series of Euclidean distances from the minimum to the maximum value.
The most numerous is the 2nd group, which includes 15 varieties and hybrid selections.
In addition to the varieties Onda and Florence, it includes most hybrids with their
participation as parental forms, the exceptions are 5-18-15 Onda × Belrubi, 5-19-15 Onda ×
Belrubi, included in the first group and 1-12-15 Belrubi × Florence, represented in the third
group.
Taking into account the fact that the content of groups for the intervals of Euclidean
distances almost completely repeats the composition of the obtained clusters according to
the Ward method, it is possible to interpret the entry of selections 5-18-15 and 5-19-15
from one combination of Onda and Belrubi crosses into one group with an ideal variety as
the presence of a hereditary potential of genetic donors in the parent varieties Onda and
Belrubi with their mutual combination. In favor of the donor genetic potential of the
Belrubi variety, the combination of the majority of hybrid selections with its participation
in the 1st and 2nd groups, which are closest to the "ideal variety" in terms of the maximum
values of economically valuable traits, also testifies.
The good breeding value of the Nelli variety of local breeding is evidenced by its
mutual entry with the hybrid selection of 10-1-15 Belrubi × Nelli in the 2nd group.
The Marmolada and Malling Pandora varieties have a relatively low selection and
genetic potential, as evidenced by the combination of all hybrid forms with their
participation in the 3rd group, the most distant from the "ideal variety".

4 Conclusions
Based on the conducted research using the methods of multidimensional mathematical
statistics, it was found that the most significant breeding and genetic potential for a
complex of economically valuable characteristics of the crop structure and berry quality is
possessed by the strawberry varieties Onda, Belrubi and Florence. Hybrid selections with
their participation have a high breeding prospect in the development of new varieties of
garden strawberry adapted to the region conditions. The selection and genetic significance
is also represented by the Nelly variety of local selection.
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