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Abstract. The profitability of strawberry cultivation is largely determined
by the capacity and quality of the yield, depended on the features of the va-
riety genotype. The aim of this work was to estimate the yield stability of
varieties and hybrids by the methods of multivariate statistical analysis and
identify the best genotypes. To solve this problem, we have used the two-
factor analysis of variance and hierarchical cluster analysis according to
the Ward's method as well as the integral estimate of the differences be-
tween the values of yield. The results of the studies have shown that the
genotype of the variety (hybrid) are makes a decisive factor of influence
for variability of the yield structure signs from 17,1% (number of inflores-
cences) to 32,2% (number of berries). The «genotype x environment» in-
teraction is comparable with the genotype influence, the share of influence
of the year conditions of the year is insignificant. Cluster analysis accord-
ing to complex of economic valuable signs allows us to identify the eight
forms that the most adapted to the conditions of the Krasnodar Territory as
13-1-15, Florence, Roxana, 18-1-15, Asia, Onda, Kemia, Nelli from which
the Roxana, Florence, 18-1-15, 13-1-15 have a high and steadily rising
biological yield.

1 Introduction

Today the Garden strawberry (Fragaria *x ananassa Duch.) is leading cultivated and con-
sumed berry crop in the world. The production of strawberry in the world is constantly ris-
ing due to an increase in variety diversity and improvement of cultivation technologies and
this production recently is about 9,2 million tons [1].

The profitability of strawberry production depends on many factors, the key ones from
them are the genotype of the variety and the growing conditions, so the right variety selec-
tion well adapted to the environmental conditions of the place of growth is an important
feature for its successful cultivation [2-4].

An influence of environmental conditions, according to J. Paderewski and W. Madry
[5], the specifics of traits manifestation in individual genotypes is complicated and difficult
to interpret and manifests itself in a different reaction of quantitative indicators of strawber-
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ry genotypes to growing conditions, another words, in the «genotype X environment» inter-
action.

The most for industry and breeding are genotypes with a steady high yield, that is with
the yield that has relatively low variability according to the interaction of «genotype x envi-
ronmenty.

There are a number of works are dedicated to assessment of the «genotype x environ-
ment» interaction and the identification of the most stable in terms of yield and quality of
berries varieties and hybrid forms of strawberry in the specific growing conditions [6-8].
The basis of the analysis of the variability of the strawberry economic and biological char-
acteristics in these studies is multivariate statistical methods that are allow to study the ob-
jects on the complex of traits.

Using the methods of mathematical statistics, it is possible to analyze the main direction
of genotypes variability and thus to distinguish the reactions of the studied forms to changes
in the environment conditions of the growing environment [9-10].

Every year, an essential number of new varieties and hybrids of strawberry are supplied
to the world and domestic markets, the biological potential of which is insufficiently stud-
ied, therefore, the works on the estimation of genotypic stability which is determined by the
norm of these genotypes reaction to specific growing conditions is still relevant today [11-
13].

The aim of this work was to estimate the yield stability of strawberry varieties and hy-
brids based on the using the methods of multivariate statistical analysis and to identify the
best genotypes.

2 Objects and methods of research

In the work 11 varieties and 7 hybrids of strawberry from the collection of the FSBSI
NCFSCHVW was studied: these are Nelli, Kemia, Taira, Alba, Syria, Asia, Roxana, Flor-
ence, Onda, Clery, Belrubi, 5-5-08, 2-14-08, 5 3-12, 5-1-12, 2-5-12, 18-1-15, 13-1-15.

Genotypes were evaluated in 2016-2019. The yield and the traits of the yield structure
were analyzed: biological yield, number of inflorescences, flowers, berries and average fruit
weight.

For the assess of the variability of traits studied, the analysis of variance was used. To
create of homogeneous groups, the hierarchical cluster analysis by the Ward's method was
used and Euclidean distances were calculated. To illustrate the multivariate similarity of the
strawberry genotypes studied, a diagram of their distribution in two-dimensional space was
made.

The traits study was carried out according to the generally accepted in the Russian Fed-
eration the special guide as Program and methodology of variety study of fruit, berry and
nut-bearing crops. For statistical data treatment, a number of specialized methods [14-15]
and the Statistica v.10 software package was used.

3 Results and discussion

The first step of the research was assessing the influence of the strawberry genotype, the
conditions of the year and their combined affect the economically valuable traits with using
by analysis of variance (Table 1).
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Table 1. Analysis of variance of the traits of strawberry productivity and yield

Variability df mS F o? Proportion in
factor total
variance (%)
Number of inflorescences

Genotype 17 127,70 11,8%** 2,92 17,1

Year 3 217,40 20,1%* 1,15 6,7

«Genotype x 51 32,70 3,0%* 2,19 12,8
Year»

Residual 648 10,80 — 10,80 63,3

Number of flowers

Genotype 17 8103,81 24 ,4%%* 194,30 25,6

Year 3 10499,13 31,6%* 56,47 7,4

«Genotype x 51 2086,45 6,3%* 175,45 23,1
Year»

Residual 648 332,00 — 332,00 43,8

Number of berries

Genotype 17 7453,40 31,2%* 180,36 32,2

Year 3 4800,95 20,1%* 25,35 4,5

«Genotype x 51 1386,91 5,8%% 114,81 20,5
Year»

Residual 648 238,84 238,84 42,7

Fruit weight

Genotype 17 129,84 29,9%* 3,14 28.4

Year 3 186,47 42,9%* 1,01 9,2

«Genotype % 51 27,89 6,9%* 2,56 23,1
Year»

Residual 648 4,34 4,34 39,3

Biological yiel

Genotype 17 2175329,32 34 8** 52820,41 32,4

Year 3 2407613,52 38,5%* 13028,34 8,0

«Genotype % 51 411241,20 6,5%* 34872,85 21,4
Year»

Residual 648 62512,89 62512,89 38,3

** _ differences in factor of variability are significant for a 1% significance level with standard val-
ues of the F-criterion for the factor «genotype» is 1,95; factor «year» is 3,78; interaction «genotype X
year» is 1,52.

The analysis carried out is shown that the all factors studied, affect the economically
valuable traits. The genotype of variety (and hybrid) has the greatest influence over studied
traits which is from 17,1 (number of inflorescences) to 32,2% (number of berries). The
influence of «the year of research» was significantly less, from 4,5 (number of berries) to
9,2% (average fruit weight). The combined influence of the genotype and the year condi-
tions quantitatively corresponds to the influence of the genotype, from 12,8 (number of
inflorescences) to 23,1% (average fruit weight). Thus, the presence of variability among the
studied varieties and hybrids was established, as well as their ecological plasticity, ex-
pressed as a minimal contribution to the total variability of the conditions of the year of
research, was also shown. The genotype-environment interaction has a much greater influ-
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ence over the traits than the influence of the environment all conditions (that is influence of
the year of research).

The detected variability of varieties and hybrids allows us to carry out the procedure for
selecting of the most promising samples. Traditional statistical methods, as a rule, make it
possible to identify simply noted connections between variables of a straight nature. Since
we are studing the characteristics of objects on the 5 variables, it is possible to assume that
there are complex configurations of relationships between them that could be the result of
latent variables.

For the grouping of varieties and hybrids according to a complex of economically valu-
able traits, we have used a cluster analysis, a method that allows us to divide the set of
studied objects into homogeneous groups (clusters). For clustering, the Ward algorithm was
used, which forms the groups according to the principle of the superiority of dispersion
between clusters over dispersion within clusters. As a result of this agglomerative proce-
dure, the dendrogram is formed (fig. 1).
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Fig. 1. Results of cluster analysis of strawberry varieties and hybrids

1 — Nelli, 2 — Kemia, 3 — Taira, 4 — NF 311 (Alba), 5 — Syria, 6 — NF 421 (Asia), 7 — NF
205 (Roxana), 8 — Florence, 9 — Onda, 10 — Clery, 11 — Belrubi, 12 — 5-5-08, 13 — 2-14-08,
14 -5-3-12, 15 -5-1-12, 16 — 2-5-12, 17 — 18-1-15, 18 — 13-1-15.

According to the results of clustering with a fusion coefficient of 25 srvc. units three
groups of varieties and hybrids are selected.

In the first group is gathered are 5-1-12 (15), 2-5-12 (16), 5-3-12 (14), Belrubi (11),
Clery (10), Alba (4), in the second group - Syria (5), 2-14-08 (13), 5-5-08 (12), Taira (3), in
the third group - 13-1-15 (18), Florence (8), Roxana (7), 18-1-15 (17), Asia (6), Onda (9),
Kemia (2), Nelli (1). The reliable of the cluster solution was verified with using the vari-
ance analysis which was conducted with the «cluster» factor (Table 2).
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Table 2. The results of the variance analysis for economically valuable traits in the groups formed of
strawberry varieties and hybrids

Variability df mS F o? Proportion in
total
variance (%)
Number of inflorescences
Cluster 2 8,30 3,2 0,97 27,8
Residual 15 2,51 — 2,51 72,2
Number of flowers
Cluster 2 809,10 6,6* 114,56 48,5
Residual 15 121,73 — 121,73 51,5
Number of berries
Cluster 2 1233,40 26,4% 197,28 80,9
Residual 15 46,73 — 46,73 19,1
Fruit weight
Cluster 2 9,10 3,7* 1,11 31,0
Residual 15 2,46 — 2,46 69,0
Biological yield
Cluster 2 375341,40 32,4* 60625,43 84,0
Residual 15 11588,85 — 11588,85 16,0

* — differences for clusters are significant on the 5% significance level with a standard F is
3,68.

The clusters allocated is statistically significantly differ in all traits, except for the num-
ber of inflorescences.

The data in a table 2 indicate the difference in the clusters, but don’t show their possible
similarities. With the average values of the studied traits in the clusters presented in the
Table 3, the intercomparison procedure was carried out using the Student's t-test.

Table 3. Average values of strawberry traits in the resulting clusters

Trait First cluster Second cluster Third cluster
Number of inflores- 12,85 13,31 14,94
cences
Number of flowers 62,06 717,77 83,54
Number of berries 41,71 60,53 68,31
Fruit weight 12,55 12,62 14,61
Biological yield 533,43 769,85 1000,45

It has been established that strawberry cultivars and hybrids from the third cluster are
characterized by maximal values of traits. When comparing the average values between the
first and second clusters with using a Student's t-test, the differences in the number of ber-
ries (t = 5,81 at p <0,05) and biological yield (t = 3,73 at p <0,05) are proved. When com-
paring the second and third clusters, the differences in the average fruit weight (t = 2,76 at
p <0,05) and biological yield (t = 3,68 at p <0,05) were recognized as reliable. The largest
number of differing traits was found between the first (with minimal values) and third (with
maximal values) clusters: on the number of inflorescences (t = 2,73 at p <0,05), the number
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of flowers (t = 3,45 at p <0,05), the number of berries (t = 6,53 at p <0,05), the average
fruit weight (t = 2,27 at p <0,05) and the biological yield (t = 7,35 at p <0,05).

Thus, a cluster analysis made it possible to identify among the 18 strawberry varieties
and hybrids 8 ones the most adapted to the conditions of the Krasnodar Territory — 13-1-15,
Florence, Roxana, 18-1-15, Asia, Onda, Kemia, Nelli.

An alternative way to identify the promising varieties and hybrids can be the use of the
so-called «ideal object», that means a hypothetical variety or hybrid with maximum values
of traits from the genetic collection studied. For this it is necessary to calculate the Euclide-
an distance (metric, which is the geometric distance in multivariate space) from the "ideal
object" to each variety or each hybrid, the value of which is determined by the shortest dis-
tance to it.

For convenience, the results of calculating the Euclidean distance are presented in order
of distance from the «ideal object»: Nelli (3,321), 18-1-15 (180,009), Kemia (264,976),
Onda (267,360), Asia (318,614), Florence (325,653) , Roxana (356,375), 13-1-15
(357,001), Taira (433,268), Syria (467,491), 2-14-08 (521,066), 5-5-08 (543,562), Alba
(587,588), Clery ( 635,913), Belrubi (677,664), 5-3-12 (738,754), 2-5-12 (747,196), 5-1-12
(929,587). This method made it possible to range the varieties and hybrids according with
their distance from the «ideal object», thereby clarifying the results of varieties and hybrids
distribution in a cluster analysis. It should be noted that the structure of the third cluster
with the most promising genotypes was coincided completely with the varieties and hy-
brids located at the shortest distance to the «ideal object» (from Nelli to 13-1-15).

Multidimensional methods, allowed us to select the most promising varieties and hy-
brids, can be addition completed with traditional statistical methods. We propose an ap-
proach, in which the results of cluster analysis and using of the «ideal object» are complet-
ed by assessing the stability of fruiting in strawberry genotypes. We carried out the inte-
grating assessment of yield stability, which components were the difference in the yield of
varieties and hybrids as comparison of the yield of 2016 and 2017, 2017 and 2018, 2018
and 2019, as well as the coefficient of variation. It is noted that the obtained yield differ-
ences are differ not only in value, but also in sign (minus or plus) between two consecutive
years of accounting, that allows us to distinguish within the group of studied strawberry
genotypes the varieties and hybrids with a qualitatively different reaction to variability of
year conditions. In the process of the biological yield analysis the 5 types of yield dynamics
are revealed, in which it is shown an increasing (+) or decreasing (—) in biological yield in
the following one after another years of fruiting: — — + Kemia, Taira, Alba; — + — 5-3-12, 5-
1-12; — + + Syria, Belrubi, 5-5-08, 2-14-08, 2-5-12; + — + Nelli, Asia, Roxana, Florence,
Onda, Clery; ++ + 19-1-15, 13-1-15.

So, the option marked as «— — +» means that the yield of 2017 yield is decreased in rela-
tion to yield of 2016, the yield of 2018 is decreased than that in 2017, and the yield of 2019
is increased in comparison with the yield of 2018. The «+++» option means a steady in-
crease in the berries yield in the years, which were compared.

We propose to use such indicators as the coefficient of variation, characterized the vari-
ability or stability of the yield, and the sum of the differences in yield for every year (in our
case, we summarize the yield difference in 2017 and 2016; 2018 and 2017; 2019 and
2018). According to the selected specified parameters, a two-dimensional graph was built

(Fig. 2).
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Fig. 2. The distribution of strawberry varieties and hybrids according to yield

1 — Nelli, 2 — Kemia, 3 — Taira, 4 — NF 311 (Alba), 5 — Syria, 6 — NF 421 (Asia), 7 — NF
205 (Roxana), 8 — Florence, 9 — Onda, 10 — Clery, 11 — Belrubi, 12 — 5-5-08, 13 — 2-14-08,
14 -5-3-12, 15 -5-1-12, 16 — 2-5-12, 17 — 18-1-15, 18 — 13-1-15.

To separate the varieties and hybrids, the average value of the coefficient of variation
for the whole population was used (it was equal to 25 %) as well as the values of the sum
of the differences in the yield exceeded zero values. After drawing the perpendicular lines
on the graph, the four quadrants were obtained. Varieties with a stable low yield increasing
were included in the left quadrant of low part of the graph, with the varieties unstably low
yield increasing are in the upper left quadrant, ones with an unstably high yield increase are
in the upper right quadrant, and stable high yield increase the varieties with are in the right
quadrant of four part.

As a result of the analysis of figure 2, the varieties and hybrids under study were divid-
ed into 4 groups:

1) with a stable low yield increasing: Syria (5), 5-3-12 (14), 5-1-12 (15);

2) with an unstable low yield increasing: Taira (3), Alba (4), 5-5-08 (12), 2-14-08 (13);

3) with an unstable high yield increasing: Clery (10), Kemia (2), 2-5-12 (16), Belrubi
(11), Onda (9), Asia (6), Nelli (1);

4) with a stable high yield increasing: Roxana (7), Florence (8), 18-1-15 (17), 13-1-15
(18).

4 Conclusions
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It was established that among of 8 promising strawberry varieties and hybrids selected with
using of statistical methods the varieties of Roxana, Florence, 18-1-15, 13-1-15, not only
high, but also stable increasing in the biological yield. The Kemia and Nelli, varieties of
local breeding, also have a good production prospects due to the positive dynamics of yield
increasing.
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