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Chapter

The Creation of Resistant Berries’
Agrobiocenosis

Zoya Evgenievna Ogherelieva, Pavel Sergeevich Prudnikov,
Diana Aleksandrovna Krivushina,
Marina Ivanovna Zubkova and Anna Androsova

Abstract

In conditions of increasing differences in the hydrothermal regime of the
environment, all known adaptation mechanisms should be used fully, as at the
level of individual varieties and at agrobiocenosis in general. The modern gardener
needs high-productive, adapted to the growing conditions varieties of the Fragdria
x anandssa Durh. The resistant varieties of the Fragdria x anandssa Durh. to nega-
tive environmental conditions is a basic characteristic, which shows an economic
value and the effectiveness of their cultivation in an actual zone. The main
physiological and biochemical indicators of resistance during autumn harden-
ing and after temperature stress in winter are changes in the antioxidant system,
interruptions of the protein-carbohydrate complex, accumulation products of
membran’s lipoperoxidation, and changes in the fractional composition of water
in leaves. The Fragdria x anandssa Durh. production process is characterized by
the following physiological parameters: pigment analysis, photochemical activity
of isolated chloroplasts, respiration, and net photosynthesis productivity. Studies
of physiological and biochemical resources of resistance to abiotic stress factors
and productivity of Fragdria x anandssa Durh. are shown. As a result of the carried
studies, perspective variety of the Fragdria x anandssa Durh. (“Tzaritza”) was
identified for the creation of resistance berries’ agrobiocenosis.

Keywords: agrobiocenosis, Fragdria x ananassa Durh., abiotic stress factors,
frost-resistant, resistance to spring frosts, production process

1. Introduction

Truly, strawberries are on the first place among berry crops in the world, due to
their excellent taste, attractive appearance, and early fruit maturation [1-3].

The constant introduction of this culture from different climatic zones con-
ductive to the expansion of the assortment, the involvement of new genotypes in
the selection process [4]. But often the most productive, large-fruited industrial
varieties have low winter hardiness. The realization of garden crops’ stability and
the intensity of their production processes are significantly determined by their
adaptability and their ability to use fully the bioclimatic potential of the placement
zone [5, 6]. Resistance to low temperatures and average daily temperature changes
are the most important characteristics of the strawberry’s variety in the central
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region [3, 7, 8]. The strawberries die in snowless winters when the temperature
decrease from —15 to —18°C but can tolerate temperatures from —25 to —35°C when
the level of snow cover at least 20-30 cm. The most dangerous periods in overwin-
tering—snowless late autumn and early winter—November, December, when the
snow has not yet fallen, and the air temperature decrease to —10, —15°C, can be pos-
sible freezing or death of the root system of strawberries [9]. At this time, the leaves
and flower buds can freeze and in more intensive frosts—branch crowns and whole
bushes. Especially the low winter-resistant varieties have suffer distress and plants
that are prepared for winter badly. The second critical period for strawberries is the
end of winter—the beginning of spring. The snow on the plantations is beginning
to settle down and melt, and the bushes are opening [10, 11]. Alternation of thaws
and frosts is also dangerous for plants [12], when the snow melts near the ground
and the snow crust remains on top. At this time, there is a getting wet of bushes
[10]. Visible damage after low temperatures is the death of a whole plant or damage
the branch crowns and rhizome.

The frost-resistant state of plants is achieved under the condition of stopping
growth and passing through the hardening phases [13]. The great significance of
hardening for successful overwintering of strawberries is revealed [14]. The hardening
is a difficult complex of physiological and biochemical changes which is associated
with some cell dehydration and with the accumulation of protective compounds
(sugars, low-molecular water-soluble proteins, amino acids, etc.), which, by increas-
ing the concentration of cellular fluid and binding free water in the plant, prevent the
formation of intracellular ice. At critical temperatures, the water outflow from the cells
becomes worse significantly, and a lot of supercooled water appears, which then freezes
inside the protoplast and can lead to cell death [15]. Thus, plants are characterized by
an increase in the amount of bound water by the beginning of the winter period [16].
The ratio of free water to bound water is one of the essential signs of plant adaptation
to a temperature decrease in the autumn-winter period. It is noted that the ratio of free
water to bound water is lower in winter-hardy varieties than in non-winter-hardy ones.
The state of the water regime in autumn and the effective accumulation of protective
substances by winter are the important factors, which determine the successful over-
wintering of plants [16-18].

The research was made at the section of primary variety research of
VNIISPK. The strawberry plants were planted in 2016, in the second half of sum-
mer (end of July-start of August) according to the scheme 90 x 20 cm in threefold
replication, on 30 plants in every replication, randomized. We studied varieties of
strawberries of different ecological and geographical origins (“Kokinskaya ran-
nyaya, “Solovushka,” “Rosinka,” “Tsaritsa,” “Urozhainaya TzGL” [Russia]; “Sara”
[Sweden]; “Alba,” “Marmolada” [Italy]; “Korona,” “Sonata” [Holland]) to identify
the features of functional conjugation of physiological and biochemical processes of
resistance to the action of low-temperature environmental factors and productivity.
Table 1 shows the minimum and maximum air temperature in the autumn and early
winter during the years of project realization.

T (°C) 2017 2018
Sept Oct Nov Dec Sept Oct Nov Dec
Max t°C 28.0 15.5 9.0 9.0 29.8 21.5 10.6 15
Mint°C -15 —4.8 -9.2 =55 -1.0 -2.8 -185 -17.0
Table 1.

Air temperature in the period September-December 2017—2018.
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2. The study of the physiology-biochemical parameter resistance of
varieties of strawberry from different ecological and geographical
origins in autumn period

As known, the winter-hardy varieties of fruit crops have a higher bound/free water
ratio, than non-winter-hardy [6]. In September, when the fractional composition of
water was determining, the strawberry leaves showed a low ratio of bound water to
free water. In October, this ratio increased by 1.8-7.7 times. In November, as far as the
air temperature decreased (Table 1), the bound/free water ratio in leaves was higher
(1.6-18.0 times) than in the previous autumn months. The largest measure of the water
fraction ratio to the beginning of winter was noted in the varieties—*“Solovushka,”
“Tsaritsa,” “Sara,” and “Korona” (Figure 1). Correlation analysis showed a high level
of dependence between the minimum air temperature in autumn, the water content of
strawberry leaves tissues (r = 0.81), and the bound/free water ratio (r = —0.97).

According to some of the researchers, proline has osmoprotective properties
under stressful conditions [19-21]. In September-November period of time, as far
as the air temperature decreased (Table 1), an increase in the amount of the amino
acid proline was noted in the leaves. During cold adaptation, an increase in the
amount of proline in strawberry plants was registered by other authors [22]. In our
studies, the most intense peak of proline accumulation in all varieties was noted in
October (3.27-11.21 times compared to September), while in November (1.19...1.91
times compared to October) (Table 2). At the same time, the varieties “Solovushka,”
“Kokinskaya rannyaya,” and “Tsaritsa” were characterized by the highest level of the
amino acid proline accumulation. The amount of proline increased by 10.38-16.20
times at these varieties in November compared to September.

Low-molecular carbohydrates play an important role as osmoprotectors along-
side with proline [23]. Sugars increase the water-holding ability of protoplasmic
colloids, protecting them from ice formation and excessive cell dehydration. In our
studies, during 2 years, significant accumulation of sugars was noted in strawberry
leaves in October compared to September, on the background of a decrease in
air temperature (Table 3). So in 2017, the level of carbohydrates in leaves tis-
sues increased by 1.92-4.93 times and in 2018 by 1.20-3.34 times. The maximum
accumulation of sugars in 2017 was marked at varieties of strawberries “Sara,”
“Korona,” “Tsaritsa,” and “Urozhainaya TzGL” (the amount of carbohydrates in
October increased by 2.37-4.93 times compared to September). At “Solovushka”
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Figure 1.

The bound/free water vatio in the leaf’s tissues of strawberry varieties in the autumn period.
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Varieties Proline, mg/kg

September October November
“Kokinskaya rannyaya” 234+012 1495+ 0.79 24.28 +1.33
“Solovushka” 1.19 + 0.06 13.34 £ 0.67 19.38 + 0.90
“Urozhainaya TzGL” 170+ 0.11 1248 + 0.68 1493+ 0.79
“Tsaritsa” 265+0.11 11.32+ 0.40 28.73 +1.15
“Alba” 2.03+0.11 11.80 + 0.59 14.90 + 0.74
“Korona” 395+0.15 14.34 + 0.49 2765 + 1.11
“Sara” 6.07 + 0.30 19.87 + 098 2755 +1.38

Table 2.

The content of free proline in the leaves of strawberry plants in autumn.

and “Kokinskaya rannyaya” varieties, the amount of sugars increased at a lower
level in compared to September, by 1.95 and 2.10 times. However, in 2018, in
October compared to September, the maximum level of sugar accumulation was
remained only at the “Tsaritsa” variety—the amount of carbohydrates increased
by 3.34 times. In addition, a high movement of sugar biosynthesis was marked at
the “Solovushka” variety—by 2.20 times as compared to September. The low sugar
accumulation was at the “Urozhainaya TzGL,” “Tsaritsa,” and “Alba” varieties by
1.20-1.57 times, in October 2018. In November 2017, as the temperature decreased,
some varieties showed a decrease in the amount of sugars compare to the October
level, which can be ascribed to their active use as an energy substrate for respira-
tion processes, protein synthesis, amino acids, etc. At the same time, the sugar
content decreased to a largest level at the varieties “Urozhainaya TzGL,” “Sara,” and
“Alba” (by 1.31-1.57 times compared to October). However, sugar content contin-
ued to increase at the “Tsaritsa” and “Korona” varieties. The changes in the level of
sugars were not significant at “Solovushka” and “Kokinskaya rannyaya” varieties
(Table 3).

The determining of the total protein in leaves of strawberry showed the signifi-
cant increase in its amount in October to November (Figure 2), which can explain
the decrease in the amount of low-molecular carbohydrates observed in some
varieties in November. At the background of high accumulation of proline, the
“Solovushka,” “Tsaritsa,” “Korona,” and “Sara” varieties were characterized not only
by more active protein biosynthesis (the amount of peptide compounds increased
by 2.8-3.5 times in November compared to October) but also had the highest
protein content in November.

When resistance is forming, the functioning of the antioxidant protection
system is significant, which prevents the development of oxidative stress and, in
particular, peroxidation of membrane lipids (POL) at the background of adverse
environmental factors. The intensity of damage to cell membranes was estimated
by the accumulation of the final product of lipid peroxidation, malondialdehyde
(MDA); a transition of lipid peroxidation, hydroperoxides; the content of hydro-
gen peroxide (as a representative of reactive oxygen species); and the activity of
antioxidant enzymes: superoxide dismutase (SOD), catalase, and peroxidase.

The results of the study showed that as far as temperature of environment was
decreasing, the intensity of MDA accumulation increased in all varieties. However,
the intensity of damage to membrane lipids was significantly lower at “Solovushka,”
“Sara,” “Korona,” and “Tsaritsa” varieties, than in other genotypes. As can be seen
from Table 4, the content of MDA increased by 17.5-25.7% at “Solovushka,” “Sara,”
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Varieties Sucrose, mg/g
2017 2018
September October November
“Kokinskaya 1.32+0.07 392+ 0.24 257011 594 +0.30 231+011 8.54 + 0.56
rannyaya”
“Solovushka” 1.30 + 0.06 497 +0.27 273+ 0.15 10.91 + 0.65 265+0.13 9.95 + 0.56
“Urozhainaya 1.54 £ 0.08 385+0.23 3.65+0.15 4.63+0.21 2.23+0.10 778 + 0.45
TzGL”
“Tsaritsa” 143+ 0.05 4.68+0.27 7.05+0.28 1562 + 0.70 8.34+0.29 16.56 + 1.08
“Alba” 1.78 + 0.09 424 +0.21 341017 6.60 + 0.38 2.04+0.11 735+ 044
“Korona” 1.15+0.05 3.84+£0.24 416+ 0.15 7.05+0.28 6.46 £ 0.26 890+ 0.48
“Sara” 0.98 + 0.05 337+0.21 3.50 £ 0.14 6.26 + 0.36 2,68 + 0.12 8.00 +5.14
Table 3.
The content of sucrose in the leaves of strawberry plants in autumn.
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Figure 2.
The content of total protein in the leaves of strawberry plants in autumn.

“Korona,” and “Tsaritsa”, in November 2017 compared to October, while in other
varieties it increased by 31.7-56.3%. At the same time, absolute MDA readings

at “Solovushka,” “Sara,” “Korona,” and “Tsaritsa” were lower in November than
other cultivars, which indicate about a more significant damage of the structural-
functional integrity of cell membranes in other varieties (Table 4). Different levels
of MDA accumulation in the studied varieties seem to be associated with different
degrees of formation of reactive oxygen species in cells and with higher activity of
the antioxidant defense system that neutralizes reactive oxygen species (ROS). In
this regard, it became necessary to define hydrogen peroxide as one of the represen-
tatives of ROS.

Thus, a correlation between MDA and H,0, was shown, when determining
hydrogen peroxide. At the same time, the dependence between these indicators
changed over the years. So, the correlation coefficient between the amount of MDA
and the content of hydrogen peroxide in tissues was, in October 2017, r = 0.67 and,
in November, r = 0.79. In 2018, the correlation between the level of H,O, and the
intensity of POL in October was 0.55, but in November it increased to 0.98, which
is explained by a significant decrease in the last month of autumn air temperature
(Table 1) and the development of oxidative stress. At the varieties “Solovushka,”
“Korona,” “Tsaritsa,” and “Sara”, not only the level of accumulation of hydrogen
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Varieties MDA, microMol/g
2017 2018

October November October November
“Kokinskaya rannyaya” 41014 54+0.23 10.1+ 0.56 15.8 + 0.84
“Solovushka” 3.8+0.28 45+0.25 9.8+ 0.54 10.6 + 0.48
“Urozhainaya TzGL” 39+0.12 58 +0.17 81+ 0.36 119+ 0.62
“Tsaritsa” 3.7+0.13 45+0.18 75+ 0.34 8.8+0.37
“Alba” 4.8 +0.17 75+ 0.15 114 + 0.51 21.0 +1.30
“Korona” 35+0.12 44+0.20 8.5+0.37 10.3 + 0.46
“Sara” 4.0 +£0.12 4.7+0.20 9.5+043 112+ 0.61

Table 4.

The content of MDA in the leaves of strawberry plants in autumn.

peroxide was significantly lower, but also the absolute values of H,O, were reduced
in comparison with the other genotypes in October and November (Table 5).

Analysis of the antioxidant enzymes activity showed their significant intensity
at varieties with low levels of MDA, hydroperoxides, and hydrogen peroxide, with
some exceptions for superoxide dismutase (SOD). Thus, in the “Solovushka,”
“Tsaritsa,” “Korona,” and “Sara” varieties, the activity of SOD, an enzyme that
recycles superoxide with the formation of hydrogen peroxide, did not significantly
change in November compared to October during 2 years of research, while in
the other genotypes, it increased by 14.6-31.4% (Table 6). On the one hand,
this explains the different levels of hydrogen peroxide and hydroperoxides in the
studied varieties.

In addition to the study of the activity of another antioxidant enzyme, catalase
showed its significant intensification in “Solovushka,” “Tsaritsa,” “Korona,” and
“Sara” varieties. The activity of hydrogen peroxide scission by catalase at these
varieties increased by 37.7-50.5% in November 2017 compared to October, while
in the others by 15.7-25.5%. The correlation coefficient between the activity of the
enzyme and the level of hydrogen peroxide, which is involved in lipoperoxidation
of cell membranes, wasr = —0.20 in October and in November r = —0.71. In 2018,
the dependence between the amount of H,0, and the enzymes’ activity was stron-
ger and wasr = —0.84 in October and r = —0.82 in November. At the same time, the
varieties “Solovushka,” “Tsaritsa,” “Korona,” and “Sara” were characterized by a
large increase in catalase activity in November 2018 (Table 7).

The correlation analysis showed the high level of dependence between the phys-
iology-biochemical parameters of strawberries and the minimum air temperature in
autumn (Table 8). In addition, the significant dependence was between bound/free
water ratio, the content of proline (r = 0.98-0.99), and the sucrose (r = 0.72-0.97).

So, the multifaceted study of the physiology-biochemical parameter resistance
of strawberry varieties from different ecological and geographical origins was made
in autumn period. As a result of this experiment, it was found that the increase of
bound water and decrease of free water in leaves were characterized in autumn
period for strawberry plants on the background decrease of water content level.
Changes in the composition of water fractions depended largely on the accumula-
tion of sucrose and free proline in the leaves of strawberry during the autumn
period. A high dependence between the physiology-biochemical parameters and
the minimum air temperature was established during the autumn adaptation of
strawberries. At the same time, “Solovushka,” “Tsaritsa,” “Sara,” “Korona,” varieties
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Varieties Hydrogen peroxide, microMol/g
2017 2018

October November October November
“Kokinskaya rannyaya” 31£0.15 157+ 0.32 33+0.18 14.8 + 0.99
“Solovushka” 1.5+0.05 35+012 1.8+0.10 42+024
“Urozhainaya TzGL” 22+017 74 £ 0.30 29+0.19 9.5+ 0.58
“Tsaritsa” 16 +0.06 2.7+ 0.09 2.0+0.13 36+0.20
“Alba” 29+0.15 169+ 0.21 35+0.23 212 +142
“Korona” 1.7 £ 0.06 29+0.11 22+0.14 53+0.32
“Sara” 19 +0.10 39+0.12 21+0.13 46+ 0.25

Table 5.

The content of hydrogen peroxide (H,0,) in the leaves of strawberry plants in autumn.

Varieties SOD, c.u.
2017 2018

October November October November
“Kokinskaya rannyaya” 71.0 £ 0.86 835:321 871+567 1112 £723
“Solovushka” 55.5+1.20 542 +1.25 65.4 £ 3.60 66.2 + 3.97
“Urozhainaya TzGL” 692+191 793 +1.29 86.7 £3.90 106.6 + 5.12
“Tsaritsa” 534 +1.87 52.5+1.78 65.5 +3.93 673 +4.03
“Alba” 536 +1.64 65.5 + 3.04 743 + 4.09 976 £ 5.86
“Sara” 66.9 +2.39 63.1+2.06 70.5+3.88 684 + 4.10
“Korona” 52.7 +1.84 51.5+1.55 723 +4.34 772 + 4.86

Table 6.

The SOD activity in the leaves of strawberry plants in autumn.

Varieties Catalase, ml O,/min.
2017 2018

October November October November
“Kokinskaya rannyaya” 9.8 +0.36 123+ 042 75+0.30 86+0.34
“Solovushka” 10.5+ 0.50 15.2+ 0.36 9.5+0.52 14.5+ 0.87
“Urozhainaya TzGL” 10.8 + 0.46 12,5+ 0.40 91+ 045 10.6 + 0.45
“Tsaritsa” 10.7 + 0.40 161+ 044 122+ 0.72 19.3 £ 0.87
“Alba” 11.7 + 0.35 141+ 0.47 72 +0.39 9.1+ 046
“Korona” 114 £+ 0.44 15.8 + 0.50 10.3 + 0.49 149+ 0.77
“Sara” 122+ 0.35 16.8 £ 0.50 10.2 + 0.53 13.3+0.69

Table 7.

The catalase activity in the leaves of strawberry plants in autumn.

had the highest bound/free water ratio, less damage of the structural and functional
integrity of cell membranes, a low level of accumulation of hydrogen peroxide and
hydroperoxides, and an increase in the activity of the antioxidant enzyme catalase,
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The physiology-biochemical parameters The correlation coefficient, r
Water content of leaves 0.81
The bound/free water ratio -0.97
Proline -0.98
Sucrose -0.70
MDA -0.92
H0, -0.82
Hydrogen peroxide 0.90
The catalase activity -0.94
The SOD activity -0.98
Table 8.

The correlation coefficient between the physiology-biochemical parameters of strawberry leaves and the
minimum air temperature in the autumn period (min t).

which indicates a greater adaptive ability to low-temperature stresses. The analysis
of another antioxidant enzyme—peroxidase—and the increase of cyanidin level
were less informative for strawberry plants in forming resistance to temperature
drop in the autumn period.

3. Winter hardiness of strawberries in the field

Over the years of research, we analyze the extent of winter damage to variet-
ies of strawberries of different ecological and geographical origins, in the field.

The characteristic of the variety for winter hardiness is determined on the basis of
spring accounting of the degree of freezing (in points): degree of freezing by plant
regrowth (April); in severe winters — by rhizome freezing [24].

The winter 2017-2018 was mild and snowy. Sharp fluctuations in temperature
without snow cover were not observed, which had a favorable effect on over-
wintering. In January, the minimum air temperature decreased to —15.0°C and
on the snow surface —12.5°C. The height of the snow cover at the end of January
was 13 cm. In February, we observed a decrease in the minimum air tempera-
ture to —26.0 and — 18.5°C on the snow surface. The height of the snow cover
reached —15 cm.

The winter 2018-2019 was frosty but snowy. Sharp fluctuations in tempera-
ture without snow cover are not observed too, which had a favorable impact on
the overwintering of strawberry plants. In January, the minimum air temperature
decreased to —24.5°C and on the snow surface —21.0°C. At the end of January, the
height of the snow cover was 41 cm. In February, we observed a decrease in the
minimum air temperature to —11.5 and — 11.5°C on the snow surface. The height
of the snow cover reached 35 cm. So, most of the strawberry varieties survived
without damage in the winter conditions of 2017-2018 and 2018-2019. The
degree of freezing of most samples was 0.0 points, and some varieties had minor
damage (“Sonata” and “Marmolada” up to 1.0 points). Also, the estimation of
common generation of plants is demonstrative, and it was conducted in late May
and early June in points. This characteristic depends largely from the hardiness
and shows how the plants overwintered and in what state they enter the fruiting
phase. The common condition at the varieties “Kokinskaya rannyaya,” “Rosinka,”
“Solovushka,” “Urozhainaya TzGL,” “Tsaritsa,” and “Sara” at the beginning
and at the end of the growing season was excellent (5.0 points). The common
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condition of plants at the end of vegetation was excellent—80% at the most vari-
eties. So, the weather conditions of the winter period 2017-2019 were favorable
for strawberry plants overwintering.

4. Frost resistance at the beginning of the winter without snow cover and
reaction on thaws of strawberry plants in winter period

Artificial freezing makes it possible to screen fruit and berry plants to determine
the winter hardiness biopotential [25, 26]. In low-snow and snowless winters, the
branch crowns of strawberry plants are slightly damaged by negative tempera-
tures, but the strong freezing of the rhizomes is noted on this, as a result of this,
the growth and development of plants are delayed. To determine the resistance of
varieties of strawberries to early winter frost, we used freezing modes at the end of
November (—15°C) and in early December (—-20°C).

After exposure of a temperature —15°C, the plants of the varieties “Rosinka” and
“Tsaritsa” were without damages. Insignificant damages (no more than 1.0 points)
were seen in strawberry varieties “Solovushka,” “Korona,” and “Sara” on the top
of the rhizome, as a very weak browning. The plants quickly recovered and devel-
oped well, when they were growing. Average freezing of rhizomes was detected in
varieties “Alba” and “Marmolada.” The rhizome tissue was light brown. The branch
crowns of these varieties grew more slowly, than those of others, but later they
developed normally (Table 9).

After an exposure of a temperature of —20°C, in early December, insignificant
damages were noted at “Solovushka,” “Rosinka,” and “Tsaritsa” varieties (the degree
of damage is not more than 1.0 points, Figure 3). At the same time, varieties with
reversible damage to the branch crown tissues (“Korona”, “Sara”) were identified.
Average freezing of rhizomes was detected at the varieties “Kokinskaya rannyaya,”
“Urozhainaya TzGL,” “Alba,” and “Sonata.” The rhizome tissues were light brown. In
the plants of these varieties, uneven growth of branch crowns was noted, but later
they recovered and developed normally. The rhizomes of “Marmolada” plants are

Varieties Point of damage to strawberries in the early winter period
—-15°C -20°C

“Urozhainaya TzGL” (st) 11+ 0.10 25+0.33
“Kokinskaya rannyaya” 0.7+027 25+ 044
“Solovushka” 0.2+015" 08036
“Rosinka” 0.0 £0.00" 03+012"
“Tsaritsa” 0.0£0.00" 0.8:0.20"
“Alba” 26+018" 3.0+ 041
“Marmolada” 23+0.20 35:031
“Korona” 0.5+0.18 2.0+0.14
“Sara” 0.8+0.18 2.0+£0.33
“Sonata” 1.0 + 0.00 23+012

::S’zgmfimntly at a significance level of p < 0.05.
Significantly at a significance level of p < 0.01.
Significantly at a significance level of p < 0.001.

Table 9.
The degree of damage to plant varieties strawberry in the beginning of winter (2017-2019).
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Figure 3.
The damage of branch crown tissues by a temperature of —20°C in early December, at varieties “Rosinka”
(a) up to 0.5 point and “Solovushka” (b) up to 1.0 point.

very frozen. The tissues of the rhizome variety were dark brown. During regrowth,
there was an inhibition in the growth of plants that died in the end (Table 9).

The high degree of dependence came between the bound/free water ratio and
the degree of damage to strawberry plants at the beginning of winter (r = —0.76).
At the same time, a moderate association was determined between the degree
to plant strawberry damage, the content of free proline (r = —0.34) and sucrose
(r = =0.39) in leaves tissues.

To identify the influence of positive temperature on the frost resistance of
strawberry varieties, we simulated a 3-day thaw of +5°C followed by freezing at
temperatures of —10°C and — 15°C in December, January, and February.

When the temperature decreased to —10°C, after a 3-day thaw +5°C in
December, we noted minor damages to the apical buds of brunch crowns no more,
than 1.0 point at some varieties (“Solovushka,” “Urozhainaya TzGL,” “Korona,”
“Marmolada,” “Sara,” “Sonata”). The “Alba” variety showed average freezing of
rhizome, and its plants grew more slowly. A high regeneration of the apical buds
of branch crowns was noted at most varieties, and the plants developed well. In
January, after this freezing model, the damage of degree to the apical buds was no
more than 1.6 points at the “Solovushka,” “Tsaritsa,” “Korona,” “Sara,” and “Sonata
varieties. The plants of their varieties recovered well after freezing. At the same
time, the frost resistance was decreased at “Kokinskaya rannyaya,” “Rosinka,” and
“Urozhainaya TzGL” varieties, which have noted average freezing of the rhizome.
The “Marmolada” variety had significant freezing, and the rhizomes were brown.
Plants of this variety were weakened and developed poorly. In February, when
the temperature decreased to —10°C after a 3-day thaw of +5°C, the varieties
“Solovushka,” “Tsaritsa,” “Korona,” and “Sara” had reversible damages to the
rhizome (the degree of damage was not more than 2.0 points). The average level of
frost resistance during this period was kept by the varieties “Solovushka,” “Alba,”
and “Sonata”. Strong freezing was detected at the varieties “Kokinskaya rannyaya,”

”»
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“Urozhainaya TzGL,” and “Marmolada,” in which the branch crown did not grow
and the plants died (Table 10).

The decrease of temperature to —15°C, after a 3-day thaw +5°C in December,
increased freezing at strawberry varieties. The damage of rhizomes and annual
branch crowns was not more than 2.0 points at the “Rosinka,” “Solovushka,”
“Tsaritsa,” “Korona,” and “Sara” varieties. In December, the “Alba” and “Marmolada”
varieties froze strongly. In January and February, under the same regime, plants of
the “Solovushka,” “Tsaritsa,” and “Korona” varieties had reversible damage (no more
than 2.0 points). Plants have recovered well after freezing. Average frost resistance
was noted in the “Sara” variety. Plants of this variety grew slowly. In January and
February, the varieties “Kokinskaya rannyaya,” “Rosinka,” “Urozhainaya TzGL,”
“Marmolada,” and “Sonata” had strong freezing of plants. The plants of this varieties
were dead after the further regrowth. In January and February, plants of the “Alba”
variety froze strongly and died, after the thaw +5°C and a sharp decrease of tempera-
ture to —15°C. As a result, it was shown that the reaction of strawberry varieties to
negative temperatures after the thaw increased by the end of the winter period. The
most stable frost resistance during the winter thaw was shown by the varieties of
“Solovushka,” “Tsaritsa,” and “Korona” (Table 11).

So, the high dependence was noted between the degree of strawberry plants
freezing and the bound/free water ratio at the beginning of winter. In the early win-
ter period, varieties of strawberries “Solovushka,” “Rosinka,” “Tsaritsa,” “Korona,”
and “Sara” were characterized by frost resistance. Also, it was shown that the
reaction of strawberry varieties to negative temperatures after the thaw increased
towards the end of the winter period. The ability to consistently keep frost resis-
tance during the winter thaw, showed the “Solovushka”, “Tsaritsa”, “Korona”
varieties. As a result of artificial freezing, frost-resistant varieties of strawberries—
“Solovushka,” “Tsaritsa,” and “Korona”—were identified. These results contributed
to the development of methodological recommendation for determining the frost

resistance of strawberries under controlled conditions.

Varieties Point of damage to strawberries during the winter thaw
December January February
+5,—10°C +5,—-10°C +5, —10°C

“Urozhainaya TzGL” (st) 1.3+0.25 2.5+0.96 38+ 046

“Kokinskaya rannyaya” 1.8+0.18" 25+ 096 3.2+0.38

“Solovushka” 0.6+0.24 14055 1.9:023"

“Rosinka” 1.8+012" 24+1.03 25+020°

“Tsaritsa” 13+0.12 16+ 0.63 19:013"

“Alba” 23+027 27+0.62 3.0+0.15

“Marmolada” 09+0.13 33+0.75 35+0.29

“Korona” 1.0 + 0.00 13+ 048 19:029"

“Sara” 0.8+ 012 0.8+048" 20:035"

“Sonata” 0.8+0.12 16+ 0.63 28+032

Szgmfzmntly at a significance level of p < 0.05.
Szgmfzmntly at a significance level of p < 0.01.
Significantly at a significance level of p < 0.001.

Table 10.
The degree of damage to strawberry plants during the thaw +5 and following temperature decreases to —10°C

(2017-2019).
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Varieties Point of damage to strawberries during the winter thaw
December January February
+5,—-15°C +5, —15°C +5,—15°C

“Urozhainaya TzGL” (st) 3.0+£0.21 4.0 +£0.58 35+0.29

“Kokinskaya rannyaya” 2.7+0.12 38+043 33+0.17

“Solovushka” 16+ 015 1.9+0.08" 20058

“Rosinka” 2.0+ 0.00° 35+ 061 3.0 £0.50

“Tsaritsa” 17+012 200217 20+029"

“Alba” 31+0.24 42+0.27 43+033

“Marmolada” 34+0.22 39+0.08 4.0+0.29

“Korona” 13+ 012" 22+020" 19:017"

“Sara” 2.0+0.10 24+0.08" 25:017

“Sonata” 3.0+ 0.00 3.8+0.25 3.8+0.18

Szgmfzcantly at a significance level of p < 0.05.
Szgmfzmntly at a significance level of p < 0.01.
Significantly at a significance level of p < 0.001.

Table 11.
The degree of damage to strawberry plants during the thaw +5 and following temperature decreases to —15°C
(2017-2019).

5. Study of the resistance of generative organs of strawberry to spring
frosts

During the years of the project, we did not note the decrease in air temperature
and on the soil surface (spring frosts) during the flowering period of strawberry
varieties of different ecological and geographical origins. So, the assessment of
the degree of damage to generative organs was not made in the field. To accelerate
evaluation of resistance of generative organs at horticultural crops, the method of
artificial freezing was used [12, 27].

Research works about resistance of generative organs of strawberry to spring
frosts by artificial freezing are almost nonexistent currently [28]. During the years
of research, experiments on artificial freezing allowed us to conclude that the stud-
ied varieties of strawberry are highly resistant to temperatures of —1.0 and — 2.0°C,
because visible damages to generative organs were not noted (Figure 4).

Decrease of temperature to —2.5°C showed different degrees of damage to the
generative organs. In 2018, the percent of dead flowers varied from 0.0 to 70.0% at
strawberry varieties. In 2019, the presence of dead flowers was between from 0.0 and
54.6%. On average, for 2 years, dispersion analysis showed significant differences
between the studied samples on the percent of flowers damage at 5% significance
level. In some varieties (“Kokinskaya rannyaya,” “Rosinka,” “Tsaritsa”), the flowers
could withstand freezing at a temperature of —2.5°C without damage. The Holland
variety, “Korona”, showed a small amount (5.6%) with damaged pistils. At the control
variety, “Urozhainaya TzGL”, the flowers were damaged to 16.4%. We noted varieties,
on which the flowers were damaged from 33.8 to 46.6% - “Solovushka”, “Marmolada”,
“Sara”, “Sonata”. Ata temperature of —2.5°C, the highest number of damaged flowers
was shown—56.3% at the Italian variety “Alba” (Table 12, Figure 5).

During the years of the research, the buds at varieties of strawberry were damaged
less than flowers after an exposure to a temperature of —2.5°C. On average, for 2 years,
the buds at some varieties (“Kokinskaya rannyaya,” “Rosinka,” “Tsaritsa”) withstood
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“Rosinka” “Tsaritsa”

Figure 4.
Alive flowers and buds of varieties of strawberry after exposure to the temperature of —2.0°C.

Varieties 2018 2019 Average Angle-arc sine /percent
% dead flowers value

“Urozhainaya TzGL” (st) 0.0 32.8 16.4 239
“Kokinskaya rannyaya” 0.0 0.0 0.0 0.0
“Solovushka” 0.0 0.0 0.0 0.0
“Rosinka” 386 54.6 46.6 431
“Tsaritsa” 0.0 0.0 0.0 0.0
“Alba” 70.0 426 56.3 487
“Marmolada” 0.0 11.2 5.6 13.7
“Korona” 334 34.2 338 356
“Sara” 371 30.5 33.8 35.6
“Sonata” 34.8 453 401 393
LSD g5 324

Significantly at a significance level of p < 0.05.

Table 12.
The percent of dead flowers of strawberry varieties after exposure to the temperature — 2.5°C, %.

freezing at a temperature of —2.5°C without damage. “Korona,” “Sara,” and “Sonata”
varieties showed a small amount of buds (no more than 10.0%) with damaged pistils.
The varieties with damaged buds from 10.5 to 20.1% were noted—“Solovushka,’
“Urozhainaya TzGL,” and “Marmolada”. At a temperature of —2.5°C, the highest num-
ber of damaged buds was shown—40.8% at the Italian variety “Alba” (Table 13).
Exposure to a temperature of —3.0°C increased the damage of flowers in the
studied varieties of strawberry. At the same time, the significant intervarietal differ-
ences were found in sign of the degree of flower damage at the 5% significance level.
A smaller percent of flower damage (6.8%) was noted at “Tsaritsa” variety. It should
be noted that the flowers damaged slightly at a temperature of —3.0°C in varieties
of “Kokinskaya rannyaya” and “Rosinka”—no more than 18.0%. From the data
provided, it can be seen that the flowers were damaged strongly from 53.0 to 73.7% at
the varieties “Solovushka,” “Urozhainaya TzGL,” “Alba,” “Korona,” “Marmolada,” and
“Sara.” The highest percent of dead flowers after exposure to a temperature of —3.0°C
was noted at the Holland variety “Sonata”—84.8% (Table 14, Figure 6).
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Figure 5.
The damaged flowers at “Solovushka” variety (a) and alive flowers at the “Korona” (b) variety after exposure
to a temperature of —2.5°C.

Varieties 2018 2019 Average Angle-arc sine /percent
% no dead buds value
“Urozhainaya TzGL” (st) 0.0 21.0 10.5 189
“Kokinskaya rannyaya” 0.0 0.0 0.0 0.0
“Solovushka” 0.0 0.0 0.0 0.0
“Rosinka” 13.8 22.8 183 25.3
“Tsaritsa” 0.0 0.0 0.0 0.0
“Alba” 61.3 20.3 40.8 39.7
“Marmolada” 0.0 5.8 29 9.8
“Korona” 18.0 222 20.1 26.6
“Sara” 47 8,.5 6.6 14.9
“Sonata” 0.0 14.6 73 157
LSD 0,05 203

Significantly at a significance level of p < 0.05.

Table 13.
The percent of dead buds of strawberry varieties after exposure to the tempevature — 2.5°C, %.

After exposure to a temperature of —3.0°C, the buds were not damaged at
“Kokinskaya rannyaya,” “Rosinka,” and “Tsaritsa” varieties. As we can see from
Table 15, the buds were damaged in the range from 27.7 to 40.1% at “Solovushka,”
“Urozhainaya TzGL,” “Korona,” “Marmolada,” and “Sara” varieties. The high-
est percent of dead buds after exposure to a temperature of —3.0°C was noted
at the Italian variety “Alba” (50.4%) and the Holland variety “Sonata”—60.6%.
Statistical processing of the results of artificial freezing allowed us to determine
significant intervarietal differences in the degree of bud’s damage at the 5%
significance level (Table 15).

The temperature regime of —4.0°C was critical for the flowers of the studied
varieties of strawberry, which were damaged from 72.3 to 100.0%. Damage of buds
was noted from 43.8 to 69.1%.
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Varieties 2018 2019 Average Angle-arc sine /percent
% dead flowers value
“Urozhainaya TzGL” (st) 576 59.2 58.4 49.8
“Kokinskaya rannyaya” 0.0 25.0 12.5 207
“Solovushka” 63 28.8 176 24.8
“Rosinka” 80.5 66.8 737 59.2
“Tsaritsa” 0.0 136 6.8 151
“Alba” 79.8 26.8 53.3 46.9
“Marmolada” 63.3 797 715 577
“Korona” 47.0 59.0 53.0 46.9
“Sara” 73.8 404 571 491
“Sonata” 100.0 69.5 84.8 67.0
LSD .05 28.2

Significantly at a significance level of p < 0.05.

Table 14.
The percent of dead flowers of strawberry varieties after exposure to the temperature — 3.0°C, % (2018-2019).

Figure 6.
Alive generative organs at the “Tsaritsa” variety (a) and dead at the “sonata” (b) variety after exposure to the
temperature — 3.0°C.

Correlation analysis determined a high dependence of the damage degree
of flowers (r = 0.97) and buds of strawberries (r = 0.98) on the intensity of the
temperature of spring frosts.

Based on the research results, we offer to share the varieties of strawberries by
their resistance to spring frosts into five groups:

1. Highly resistant varieties—the number of damaged flowers and buds after
freezing at —3.0°C does not exceed to 25.0% and at —2.5°, C10.0%.

2. Resistant varieties—the number of damaged flowers and buds after freezing at
—3.0°C is from 25.0 to 50.0% and at —2.5°C is 25.0%.

3.Medium-resistant varieties—the number of damaged flowers and buds at
—3.0°C is from 50.0 to 75.0% and at —2.5°C is from 25.0 to 50.0%.
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Varieties 2018 2019 Average Angle-arc sine /percent
% dead buds value
“Urozhainaya TzGL” (st) 344 414 379 38.0
“Kokinskaya rannyaya” 0.0 0.0 0.0 0.0
“Solovushka” 0.0 0.0 0.0 0.0
“Rosinka” 378 424 40.1 393
“Tsaritsa” 0.0 0.0 0.0 0.0
“Alba” 66.7 341 50.4 45.2
“Marmolada” 14.6 55.8 35.2 364
“Korona” 174 55.0 36.2 37.0
“Sara” 341 21.3 277 31.8
“Sonata” 90.1 331 61.6 51.7
LSD g5 321

Significantly at a significance level of p < 0.05.

Table 15.
The percent of dead buds of strawberry varieties after exposure to the temperature — 3.0°C, % (2018—2019).

4. Weakly resistant varieties—damaged flowers and buds after freezing at —3.0°C
are more than 75.0% and at —2.5°C from 50.0 to 70.0%.

5. Unstable varieties—the number of damaged flowers and buds at —3.0°C is
100.0% and at —2.5°C more than 75.0%.

So, according to the results of ranking varieties by groups of resistance to spring
frosts, we recommend two regimes. The first temperature regime is —2.5°C, which will
allow to make mass rejection of unstable forms. The second regime is —3.0°C; it will
make possible to select forms that are sources of high resistance to spring frosts for
selection for a given sign. The high potential of resistance to spring frosts was shown
by varieties of strawberries—“Kokinskaya rannyaya,” “Rosinka,” and “Tsaritsa.”

6. Net productivity of photosynthesis, respiration intensity, potential
productivity, growth rate, and yield strawberry varieties

The main elements of the production process of plants are photosynthesis and
respiration. In this regard, a pigment analysis, analysis of the photochemical activ-
ity of isolated chloroplasts, the intensity of respiration, and the net productivity of
photosynthesis were performed.

The efficiency of photosynthetic activity of plants depends from the develop-
ment of the pigment system. Studies, which were made in leaves of strawberry
plants, showed that the “Alba,” “Marmolada,” “Korona,” and “Kokinskaya rannyaya”
varieties did not differ significantly from each other in the content of chlorophyll in
the leaves and the amount of green pigment was significantly lower in them than in
the varieties of “Sara,” “Sonata,” “Solovushka,” and “Tsaritsa” (Table 16). A similar
regularity in the content of chlorophyll remained in 2019 (Table 17). Two other
varieties were added; from them the variety “Rosinka” was referred in the group
with a low content of green pigment and “Urozhainaya TzGL” in the group with high
content. Higher level of chlorophyll at the “Sara,” “Sonata,” “Solovushka,” “Tsaritsa,”
and “Urozhainaya TzGL” varieties is associated probably with an increased content
of other carotenoid pigments in the photosynthetic apparatus. Thus, the correlation
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Varieties Pigments, mg/g PhCA, NPP, g/ respiration
microMol (m? day) intensity, ml
Chlorophyll Carotenoids K;[Fe(CN)gl/ CO,/g-h
(mg chl-h)
“Kokinskaya 2.10 + 015 0.18 + 0.006 16.16 + 0.45 138 £+ 0.06 3.00 £ 0.39
rannyaya’
“Solovushka” 2.33+0.02 0.19 + 0.010 1119 + 0.42 10.25+ 0.57 3.22+0.60
“Tsaritsa” 2.36 + 0.03 0.20 + 0.010 12.71+0.70 8.53+0.35 3.06 + 0.67
“Alba” 1.98 + 0.02 0.16 + 0.006 6.30 + 0.58 9.37 + 0.44 2.85+0.20
“Korona” 210 +0.10 0.18 + 0.006 14.27 + 0.66 0.77 £ 0.09 2.87 + 0.57
“Marmolada” 2.02 + 0.04 0.16 + 0.006 777 £ 0.26 2.03+0.24 3.61+0.33
“Sara” 2.52 £ 0.02 0.20 £ 0.006 248 £0.26 365+ 0.32 352044
“Sonata” 2.32+0.01 0.20 + 0.006 12.60 + 0.66 797 £ 0.35 313+ 0.70
LSDg 05 0.19 0.02 1.63 0.90 0.65
Table 16.

Indicators of photosynthetic activity and respiration rate of strawberry plants in 2018.

Varieties Pigments, mg/g PhCA, NPP, g/ respiration
microMol (m? day) intensity, ml
Chlorophyll Carotenoids K;[Fe(CN)gl/ CO,/g:h
(mgchl-h)
“Urozhainaya 215+ 0.03 0.17 + 0.003 8.65+0.26 312+ 0.36 5.03+0.39
TzGL”
“Kokinskaya 212 £0.02 0.18 + 0.002 12.88 + 0.52 3.34 +0.37 541+0.24
rannyaya”
“Solovushka” 2.35+0.03 0.20 + 0.003 10.80 + 0.40 8.90 + 0.64 6.65 + 0.26
“Rosinka” 2.25+0.03 0.18 + 0.003 11.50 + 0.46 247 £0.27 430 +0.29
“Tsaritsa” 2.50 + 0.02 0.19 + 0.002 8.50 + 0.29 9.50 + 0.40 3.21+0.28
“Alba” 2.20 + 0.05 0.16 + 0.003 449+ 0.31 5.78 + 0.39 6.87 + 0.50
“Marmolada” 220+ 0.03 0.17 + 0.003 10.06 + 1.00 2.88+0.18 757 +0.33
“Korona” 221+ 0.04 0.15+ 0.003 3.53+0.33 340 +0.29 460 +0.29
“Sara” 2.57 £ 0.06 0.19 + 0.003 428 + 0.53 2.66 +0.14 230 +£0.29
“Sonata” 2.37+0.02 0.19 + 0.004 1193+ 0.54 733+0.19 3.83+0.33
LSDg o5 0.09 0.01 144 0.74 1.02
Table 17.

Indicators of photosynthetic activity and vespiration rate of strawberry plants in 2019.

coefficient between chlorophyll and carotenoids was 0.92 in 2018 and in 2019, 0.64.
Asarule, carotenoids do not only have a light-absorbing function but also protect
chlorophyll from photo-oxidation on the background of high solar insolation [29].

Therefore, the observed decrease of the correlation coefficient between chlorophyll
and carotenoids in 2019 can be associated with a lower part of solar insolation, which
is indirectly evidenced by cooler daytime conditions of the growing season (Table 17).
Asaresult, the level of chlorophyll was less dependent from the antioxidant properties
of carotenoids. However, the increased content of carotenoids was noted consistently
in the group of varieties with high level of chlorophyll during 2 years of research.

To determine the potential abilities of the photosynthetic apparatus, we used the
characteristic of the functional activity of chloroplasts on the level of light reactions
[30]. As a result, it was shown that the highest speed of Hill reaction the varieties
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“Korona”, “Sonata”, “Solovushka”, “Tsaritsa”, “Kokinskaya rannyaya”, “Rosinka”, and
“Urozhainaya TzGL” had. At the same time, it should be noted that the correlation
between the amount of green pigment and the speed of energy transfer in photo-
systems was quite low and had a negative value, during the 2 years of the study (in
2018, r = —0.23,in 2019, r = —0.22). So, at the “Sara” variety, despite high indicators
of chlorophyll in the light-collecting complex of the leave, the speed of energy
transfer in photosystems was low. At the same time, at the varieties “Urozhainaya
TzGL”, “Rosinka,” and “Kokinskaya rannyaya” was a high speed of light reactions on
the background of alow level of green pigment. The lack of connection between the
amount of green pigment and the PhCA of isolated chloroplasts can be associated
with the degree of strength of the chlorophyll-lipoprotein bond [31, 32]. According
to research by Zakarian N.E. et al. [33], it was shown that the photochemical activ-
ity of isolated chloroplasts Solanum tuberosum, Chrysanthemum indicum, Trifolium
pretense, Pelargonium, and Hibiscusrosa cninensis sharply decreased by 5.4-13.0
times in the lack of a labile form of chlorophyll compared to control plants where
both forms of green pigment were present.

When determining the net productivity of photosynthesis (NPP) (as an integral
indicator of photosynthetic activity of plants), it was shown that only the “Alba,”
“Sonata,” “Solovushka,” and “Tsaritsa” varieties were characterized by an effective
accumulation of plastic equivalents for 2 years of research. At the same time, the
“Korona,” “Kokinskaya rannyaya,” and “Urozhainaya TzGL” varieties had a low
level of NPP on the background of a low content of chlorophyll and an increased
rate of electron transfer to the light phase of photosynthesis. On the contrary, the
Italian variety “Alba,” which had a low speed of Hill reaction, was characterized by
intensive assimilation of carbon dioxide and was at the level of indicators of the
varieties “Sonata,” “Solovushka,” and “Tsaritsa” in 2018, which had an increased
content of chlorophyll and had a high efficiency of NPP of chloroplasts.

In addition of research the features of photosynthetic activity, it was important
to establish the effectiveness of the distribution of assimilates, namely, to consider
the donor-acceptor relationship between maturing fruits and the leave’s apparatus.
Indirectly, we can discuss about the outflow of assimilates by studying the ratio of
dry mass of forming berries to leaves in dynamics [34]. The analysis of this ratio
showed that at the varieties “Alba,” “Sonata,” “Solovushka,” and “Tsaritsa” in 2018,
this indicator, on contrast to other varieties, increased most intensively in the
direction of forming berries, which could indicate about the more active outflow of
plastic substances into the maturing berries (Figure 7a). However, in 2019, at the
varieties of “Solovushka” and “Sonata,” the intensity of the outflow of assimilates
into maturing fruits was significantly decreased compared to the first year of the
study, and in “Sara,” on the contrary, it was increased. Really, at “Solovushka” and
“Sonata” varieties, there was a great accumulation of dry substance of leaves. So,
the “Solovushka” and “Sonata” varieties increased the dry substance at 1.78-2.69
times, compared to the first decade of June to the second decade of July, and the
“Sara” variety did not increase it significantly. In other varieties, the increase in dry
leave’s biomass in the second decade of July compared to the first decade of June was
at 1.15-1.40 times. At the same time, the “Alba,” “Korona,”’ and “Tsaritsa” varieties
retained an active outflow of plastic equivalents to the ripening berries in 2019.

In addition, the analysis of growth activity, which was evaluated by the speed
of accumulation of raw plant substance, showed that the varieties “Alba,” “Sonata,”
“Solovushka,” and “Tsaritsa” had differences in this indicator significantly in 2018.
The activity of accumulation of raw plant substance varied from 8.68 to 9.76% in
these varieties (against the others from 2.41 to 5.43%) (Figure 7b). In 2019, as in
2018, the relative stability and high speed of accumulation of raw substance of the
whole plant, showed the “Sonata” and “Tsaritsa” varieties. In 2019, the “Alba,” “Sara,”
and “Solovushka” varieties decreased the intensity of accumulation of raw biomass
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of the whole plant significantly at 2.20-2.65 times. On the contrary, “Kokinskaya
rannyaya,” “Marmolada,” and “Korona” increased it in 2019 compared to 2018.

Determining the respiratory intensity, as one of the main components of the
production process in 2018 did not reveal significant differences between the studied
varieties. However, in 2019, it was higher temperature conditions of the growing
season at night, and strawberry varieties showed significant differences of the respi-
ratory intensity. As a result, in 2019, there was a probability of excessive waste of
plastic substances in strawberry plants that were formed as a result of photosynthesis
and participate in the production process. So, the “Alba,” “Solovushka,” “Korona,”
“Kokinskaya rannyaya,” and “Rosinka” varieties were characterized by a more
intense breathing. At these varieties, the release of carbon dioxide varied from 5.0 to
7.57 ml of CO,/g-h, while in other varieties from 2.30 to 4.60 ml of CO,/gh.

In the future, it was interesting to determine how the identified photosynthetic
teatures of the studied varieties could affect the production process. Sometimes there
could be either no direct dependent between the intensity of photosynthesis and
productivity, or there could be a negative correlation between these indicators [35].

The result of the production process is evaluated by the yield or the share of
useful product in the total mass of the plant. It is shown that the “Alba,” “Sonata,”
“Solovushka,” and “Tsaritsa” varieties had the highest indicators of berry yield on
the background of more efficient photosynthetic activity and increased outflow of
assimilates in 2018 (Figure 8). The varieties of domestic selection—“Tsaritsa” and
“Solovushka”—were shown especially to have high yield. However, in 2019, only
the “Korona” and “Sonata” produced consistently high yields. In 2019, the varieties
“Alba,” “Solovushka,” and “Korona” decreased significantly the yield of berries at
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Figure7.

The ratio of dry weight of berries/leaves (a) and the activity of accumulation of the plant raw biomass
(b). Varieties: (1) ‘Alba,” (2) “Marmolada,” (3) “Sara,” (4) “Kovona,” (5) “sonata,” (6) “Solovushka,” (7)
“Tsaritsa,” (8) “Kokinskaya rannyaya,” (9) “Uroghainaya TeGL,” and (10) “Rosinka’.
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Figure 8.
The yield of the varieties of strawberry. Varieties: (1) “Alba,” (2) “Marmolada,” (3) “Sara,” (4) “Korona,”
(5) “sonata,” (6) “Solovushka,” (7) “Tsaritsa,” (8) “Kokinskaya rannyaya,” (9) “Urozhainaya TzGL,” (10)
“Rosinka.”

1.64-2.40 times as a result of both increased respiratory intensity and violations of
donor-acceptor relations. The other varieties—“Marmolada,” “Sara,” “Kokinskaya
rannyaya, “Urozhainaya TzGL,” and “Rosinka”—had a low yield index to compare
with “Tsaritsa” [18].

So, the research conducted during 2 years showed that only the one variety of
strawberry—“Tsaritsa”—in the conditions of the middle zone of Russia had an
effective work on the photosynthetic apparatus and increased outflow and accumu-
lation of assimilates in the maturing fruit, which, as a result, affected its high yield.
Other varieties showed or not stable yield over the years, such as “Solovushka,”

“Alba,” and “Sonata” or low yield as in “Marmolada,” “Sara,” “Korona,” “Kokinskaya

rannyaya, “Urozhainaya TzGL,” and “Rosinka.” In these cultivars, the reasons
of low yield were increased respiratory intensity or insufficient efficiency of the
photosynthetic apparatus and the violations of donor-acceptor relations.

At the same time, we found a very high degree of dependence between the actual
yield of strawberry varieties and the net productivity of photosynthesis (r = 0.88).
At the same time, a moderate dependence was found between the degree of freez-
ing of strawberry plants in winter and the actual yield on the one hand (r = —0.47)
and between the net productivity of photosynthesis (r = —0.36) on the other. The
calculation of the triple correlation coefficient between the actual yield, the net
productivity of photosynthesis, and the degree of freezing of plants in winter
showed a very high dependence (r = 0.89) between the studied indicators.

7. Conclusion

We had studies of physiological and biochemical processes before and after
autumn hardening of strawberry varieties. We studied varieties of strawberries,
based on physiological and biochemical changes, that characterized the state of
plants after exposure to low positive and negative temperatures at the beginning of
the winter period. We evaluated the damage of the rhizome tissues and the branch
crowns of strawberry varieties of different ecological and geographical origin in
the early winter period and during thaws at the winter after artificial freezing and
in the field. We evaluated the damages of generative organs by method of artificial
freezing during the flowering period of strawberry, and we offered a ranking for
groups of resistance to spring frosts. We conducted comparative physiological stud-
ies of the photosynthetic apparatus of different varieties of strawberries of different
ecological and geographical origin by productivity.
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As aresult of the research, it was found that in the autumn and early winter, the
increase in bound water and the decrease in free water in the leaves were character-
istics for strawberry plants on the background of a decrease at the level of hydra-
tion. The change in the composition of water fractions was dependent more on the
accumulation of sucrose and free proline in the leaves of plants during the autumn
period. At the same time, “Solovushka,” “Tsaritsa,” “Sara,” and “Korona” had the
highest bound water/free ratio by the end of autumn and beginning of winter, less
damage in the structural and functional integrity of cell membranes, a low level
of accumulation of hydrogen peroxide, and an intensification of the activity of the
antioxidant enzyme catalase. All this indicates that these varieties are characterized
by high adaptive ability in the climatic conditions of Central Russia.

As aresult of artificial freezing, it was noted that the temperature decrease to
—15°C at the end of November did not cause of irreversible damage at strawberry
varieties. The decrease of temperature in early December to —20°C increased the
damage at the studied varieties of strawberries. During the winter, it was noted that
the reaction of strawberries was increasing to the thaw by the end of the winter
period, which was associated with the resumption of growth processes after the influ-
ence of positive temperatures. As a result of the research, frost-resistant varieties were
identified; these were “Solovushka,” “Tsaritsa” (Russia), and “Korona” (Holland).

As aresult of the damaging factors of the spring period, high ability of resis-
tance to spring frost, showed the varieties of strawberry—*“Kokinskaya rannyaya,”
“Rosinka,” and “Tsaritsa,” According to the results of varieties ranking by groups of
resistance to spring frosts, we can recommend two regimes. The first temperature
regime is —2.5°C, which will allow mass rejection of unstable forms. The second
regime —3.0°C makes it possible to select forms that are sources of high resistance to
spring frosts for selection for a given sign.

Researches on determine the net productivity of photosynthesis, respiration
intensity, potential productivity, growth rates and yield of strawberry varieties of
different ecological and geographical origin showed that the “Tsaritsa” variety in
the Central region of Russia had an effective work of the photosynthetic apparatus
and the outflow of assimilates into the maturing fruit, which, as a result, affected
its high yield. On the results of identifying the characteristics of functional connec-
tions between physiological and biochemical processes of resistance to the action of
a low-temperature environment factors and productivity of strawberry varieties of
different ecological-geographical origin, we identified a variety of domestic breed-
ing “Tsaritsa” for creation of resistance berries’ agrobiocenosis.
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