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Abstract. The genotypical potential of strawberry varieties is the basis for 
the implementation of economically valuable crop indicators in specific 
growing conditions. Assessment of the variability of productivity traits and 
quality of berries is one of the key directions in many modern studies on 
the selection and variety study of garden strawberries. The goal of this 
work was to assess strawberry varieties by a complex of characteristics of 
the yield structure and fruit quality, taking into account their genotypic 
characteristics, as well as to identify of their hereditary potential in regional 
cultivation conditions. The analysis of long-term data on 17 varieties of 
strawberries has been carried out. Using the methods of two-way analysis 
of variance, contributions of the principal components and Ward’s cluster 
analysis, an assessment was made of the variability of the taken into 
account traits in strawberry varieties. Combining the studied varieties into 
groups made it possible to identify the best forms by the valuable traits. A 
high responsiveness to the cultivation conditions in the Krasnodar region 
was established for the varieties Nelli, Alba, Florence, Elegia, Honeoye, 
Onda and Vima Xima in accordance with their genotypic potential.  

1 Introduction 
Genotypic features of strawberry varieties of various ecological and geographical origin, 
taking into account their diverse hereditary structure, are the main scientific and practical 
criterion in modern research on the variety study of strawberries [1-3]. 

The high level of quantitative values of economically valuable traits, taking into account 
the ecologically conditioned adaptability of garden strawberries, is directly related not only 
to the selection of varieties with the highest values of valuable traits, but also to the selection 
of promising genotypes according to the ratio of their hereditary potential and phenotypic 
manifestation of the studied indicators [4-6]. 

Features of the growing environment have a direct impact on the implementation of 
strawberry genotypes in the formation of indicators of productivity and quality of berries, 
due to their rate of response to the conditions of growth and development of plants [7-9]. 
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The issues of genotypic proximity of the studied forms of strawberries, manifested in the 
parallelism of variability of variation arrays of traits, considered in a number of new works 
on breeding and genetic topics, almost always affect the description and assessment of the 
hereditary economically significant potential of varieties in the light of not only continuous 
renewal of the assortment, but also improvement cultivation technologies [10-12]. 

The applied genetic and statistical methods for assessing varieties by a group of traits and 
several independent factors are traditionally based on models of analysis of variance with the 
calculation of several variance variances, as well as on multivariate mathematical procedures, 
which include the method of principal components and cluster analysis, which involves the 
use of not only direct empirical values of the considered characteristics, but also quantitative 
indicators of variation for each of the studied forms. The integrated assessment of linear 
combinations of the considered traits provides for the unification of the studied objects into 
groups, according to the similarity of genotypically determined directions of variability [13-
15]. 

Taking into account the adequate specificity of the graphic display of the formed groups 
of varieties according to the principle of minimum intragroup and maximum intergroup 
variance, the use in cluster analysis, in addition to direct quantitative indicators of traits, the 
values of internal variances, reflecting the reaction rate of each studied genotype to growing 
conditions for individual traits, seems appropriate for assessing the closeness of the 
phenotypic manifestation of the complex of the studied traits to the varietal characteristics of 
the strawberry genotypes. 

The production need for the selection of varieties with high indicators of productivity, 
yield and quality of berries, taking into account the updated assortment in regional growing 
conditions, as well as increasing consumer requirements, determines the relevance of work 
to identify the genotypic potential of strawberry varieties and the selection of promising 
forms among them for a combination of economically valuable characteristics. 

In our studies, the goal was to assess strawberry varieties by a complex of characteristics 
of the yield structure and quality of berries, taking into account their genotypic 
characteristics, as well as to identify the hereditary potential of the studied forms of culture 
in regional cultivation conditions. 

2 Materials and methods 
An assessment was made of the productivity, biological yield and quality of berries of 17 
strawberry varieties: Alba, Clery, Syria, Nelli, Asia, Alina, Elegia, Roxana, Honeoye, Onda, 
Elsanta, Florence, Vima Xima, Bogota, Taira, Kemia, Malling Pandora. 

The analysis of the dynamics and directions of variability of the studied characteristics, 
the identification of the best cultivars according to the general matrix of characteristics, as 
well as the assessment of the proximity of genotypes to phenotypic manifestations, taking 
into account their genetic potential, were carried out on the basis of an analysis of variance 
model with a description of the factors of variability and their interaction, as well as 
multivariate statistical procedures that included quantitative contributions of the principal 
components and cluster analysis according to the Ward’s method. Mathematical data 
processing provided for a special source [16] and electronic distribution Statistica v.10. 

 

3 Results and discussion 
The general diversity of strawberry genotypes, taking into account the influence of the year, 
was assessed using a two-factor analysis of variance in the directions of variability "variety" 
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3 Results and discussion 
The general diversity of strawberry genotypes, taking into account the influence of the year, 
was assessed using a two-factor analysis of variance in the directions of variability "variety" 

and "year", as a result of which reliably significant contributions of factors and their 
interactions on the implementation of all considered traits were established. 

The calculated indicators of criterion F for the factors "variety", "year" and interaction 
"variety × year" were the following values: by the number of peduncles 27.9; 46.1 & 3.9; by 
the number of berries 33.3; 53.9 & 4.8; by the average weight of the berry 23.1; 63.9 & 6.0; 
yield 42.0; 126.6 & 7.7; by density of berry pulp 63.6; 11.5 and 7.8. The standard F values 
for the analysis of variance factors for the 5% level of significance were significantly lower 
than the actual ones and amounted to 1.7; 3.0 and 1.5, respectively. 

According to the studies, the genotype of the variety had the greatest impact on the traits 
taken into account. Genotypic variation ranged from 28.3 (average berry weight) to 55.9 
(berry density) percent of total variance. The influence of the conditions of the year of 
cultivation ranged from 1.7 (berry density) to 19.6% (yield). The combined effect of the two 
factors taken into account contributed to the total variability from 12.0 (number of peduncles) 
to 18.7% (berry density). 

The results of analysis of variance indicate both the predominant contribution of 
genotypes to the total phenotypic diversity of the studied varieties and their rather high 
responsiveness to the conditions of the year of cultivation. It also shows a sufficient level of 
variability of traits for further grouping of strawberry varieties and identification of their 
genotypic potential. 

To level the dimension of the initial data while preserving the original array of 
information, the empirical indicators of features were converted into linear combinations 
using principal component analysis. The influence of linear combinations of the first 3 
principal components was established, explaining 94.79% of the total variability of all 
considered traits and making it expedient to conduct cluster analysis according to the Ward’s 
method using individual contributions of the principal components to each studied variety. 
The grouping of strawberry genotypes into cluster groups is shown in Figure 1.    

 
 

Fig. 1. Results of cluster analysis of strawberry varieties according to the values of the first three 
principal components 

When the groups were combined with the division of the constructed dendrite by 5.5 
conventional units, three clusters were obtained, the first of which included 3, the second and 
third - 7 varieties, respectively. 

The correctness of the cluster solution was confirmed using analysis of variance, which 
showed significant differences between the three obtained clusters for 5% significance. With 
the standard indicator of the F criterion of 3.7, the obtained values for the four studied 
characteristics in the groups were 5.0-20.0, which indicates that the "cluster" factor has a 
significant effect on all characteristics, except for the density of the pulp of the berry, for 
which there was calculated F 2.7. 
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1st group includes varieties Alba, Florence, Kemia; 2nd - Clery, Vima Xima, Taira, Syria, 
Alina, Roxana, Onda; 3rd - Nelli, Asia, Bogota, Elsanta, Elegia, Honeoye, Malling Pandora. 

The average values of the traits in the selected groups of varieties are presented in Table 
1. 

Table 1. Average values of characteristics in clusters 

Признак Clusters 
1 2 3 

Number of peduncles, pcs / plant 11,5 12,6 16,9 
Number of berries, pcs / plant 48,0 58,5 76,0 
Average berry weight, g 16,9 13,4 14,3 
Yield, g / plant 809,7 790,7 1097,7 
Berry pulp density, g 350,0 360,0 290,0 

 
The highest values of the characteristics of productivity and berry yield were noted in the 

third cluster, which, among others, included varieties Nelli, Asia and Bogota. The Nelli 
variety also has the highest density of berry pulp - 450 g. 

The varieties Alba, Florence and Kemia, which made up the first cluster, are distinguished 
by the highest values of the average berry mass - 16.1; 17.4 and 17.0 g, respectively. Alba 
berries also have a high pulp density - 400 g. 

Seven varieties, combined into a second cluster, have a high overall density of pulp. The 
maximum values were noted for the varieties Alina, Syria and Roxana - 400, 380 and 360 g, 
respectively. 

The variability of the studied economically valuable traits, determined by the hereditarily 
determined norm of the reaction of strawberry varieties to the conditions of the year of 
cultivation, has its quantitative assessment not only in intervarietal differences revealed as a 
result of variance and cluster analysis, but in the intravarietal variance σ2v for each individual 
quantitative trait, which is direct genotypic assessment of the response of each variety to the 
ecological characteristics of cultivation. The direct dependence of the intravarietal variance 
on the specificity of the genetic structure of the cultivar forms indicates the selection 
feasibility of a comparative analysis of the distribution of varieties in the corresponding 
groups, both in accordance with the values of the main components and with the indices of 
the internal genotypic variance of varieties according to the taken into account characteristics. 

According to the studied characteristics, the following intravarietal variances were 
obtained: according to the number of peduncles - 3.47-25.29; by the number of berries - 
76.56-831.40; by the average weight of the berry - 2.18-19.74; by harvest - 13254.71-
382628.84; by density of berry pulp - 721.94-8355.79. Taking into account the unevenness 
of the signed orders of the numbers obtained, the variances were converted into percentages 
to their maximum values for each feature, ranging from 3.5 to 76.2 conventional percentages 
for the entire complex of 5 studied features. 

The calculated share indicators passed the cluster analysis procedure according to the 
Ward’s method, the results of which are shown in Figure 2. 
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Fig. 2. Results of cluster analysis of strawberry varieties according to the values of the percentage of 
intravarietal variances. 

The formation of groups of varieties at a conditional uniting distance of 150 revealed 3 
clusters, the composition of which had both similarities and a number of differences with that 
when clustering according to the values of the principal components. 

For the groups that are closest in their content, with both variants of cluster analysis, a 
comparison of the varietal composition was carried out, the results of which are presented in 
Table 2. 

Table 2. Comparison of clusters obtained from the values of the principal components and the 
percentage ratios of intravarietal variances 

By principal components According to the ratios of intravarietal 
variances 

Alba, Florence, Kemia Nelli *, Kemia 
Clery, Vima Xima, Taira, Syria, Alina, 
Roxana, Onda 

Alba *, Florence *, Clery, Roxana, Taira, 
Syria, Alina, Elegia *, Honeoye * 

Nelli, Asia, Bogota, Elsanta, Elegia, 
Honeoye, Malling Pandora 

Asia, Bogota, Onda *, Elsanta, Vima Xima 
*, Malling Pandora 

Note: * - varieties in clusters by variance that do not coincide in their position in clusters by main 
components. 
 

The close relationship between the values of the contributions of the principal 
components and internal variances indicates a genotypically determined similarity in the 
directions of variability in varieties that retained their position in both variants of combining 
according to the set of parameters taken into account. These varieties include 10 studied: 
Kemia, Clery, Roxana, Taira, Syria, Alina, Asia, Bogota, Elsanta and Malling Pandora. 

The study of intervarietal and internal variability of productivity and quality of berries in 
accordance with the variation in the values of the principal components and variance revealed 
a group of varieties whose genotypic potential goes beyond the variability of the considered 
traits in terms of the contributions of the main components, which testifies in favor of the 
increased responsiveness of these genotypes to growing conditions. These are Nelli, Alba, 
Florence, Elegia, Honeoye, Onda and Vima Xima. It seems advisable to pay particular 
attention to these varieties in cultivation in order to obtain high yields. 
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4 Concussion  
The assessment of the variability of strawberry genotypes based on productivity, yield 

and quality of berries made it possible to identify varieties that are promising for industrial 
cultivation in the Krasnodar region: Nelli, Asia and Bogota. 

The genotypic potential exceeding the phenotypic manifestation in terms of a complex of 
traits in varieties Nelli, Alba, Florence, Elegia, Honeoye, Onda and Vima Xima indicates 
their increased responsiveness to improving growing conditions in the region. 
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