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Abstract: Increasing the reliability of fruit crops in unstable weather conditions of a temperate
continental climate has become particularly relevant. This research was carried out based on a
bioresource collection from the Russian Research Institute of Fruit Crop Breeding (VINIISPK BRC).
Apple cultivars (diploids and triploids) of different maturation periods were studied. Triploid
cultivars (3x) of summer maturation were developed using diploid gametes of the ‘Papirovka
tetraploid” cultivar as a donor (2-4-4-4x), triploids of winter maturation were developed using
13-6-106 (Suvorovetz: open pollination), and ‘Wealthy tetraploid” (2-4-4-4 x) or ‘Giant Spy” (2-4-4-4 x)
were used as donors of diploid gametes. “Antonovka’ and ‘Melba’” were taken as control cultivars.
The aim of this work was to evaluate the apple breeding cultivars according to the main economic
and biological indicators and to determine the threshold of resistance to unfavorable conditions of the
winter period for possible cultivation in specific conditions of a temperate continental climate. As a
result of using the method of modeling damaging factors, apple cultivars that withstood not only the
critical temperatures of January, but also especially dangerous frosts after thaws at the end of winter
were identified, with the stability of vital tissues at the level of “Antonovka’ (a control cultivar), scab
immune cultivars (RVi6) ‘Ivanovskoye’, “Zdorovie” and ‘Pamyati Hitrovo’, and immune triploids
(8x) “Vavilovskoye’, “Aleksandr Boyko’, Rozhdestvenskoye” and ‘Academic Saveliev’. During the
whole winter, the winter resistance of summer scab immune triploids, ‘Zhilinskoye’, ‘Maslovskoye’,
“Yablochny Spas” and ‘Spasskoye’, was at the level of “Antonovka’, but was higher than ‘Melba’. The
high precocity of scab-immune cultivars, 'Afrodita’, ‘Ivanovskoye’, ‘Veniaminovskoye’, and “Yubiley
Moskvy’, and triploids ‘Patriot’ and ‘Rozhdestvenskoye’, have been identified. Triploid cultivars
are superior to diploid cultivars and control ‘Antonovka’ in fruit size. According to the complex
of characteristics, promising apple cultivars were identified for planting in intensive orchards of
the temperate continental climate zones, namely ‘Avgusta’ and ‘Solnyshko’ (summer cultivars),
and ‘Aleksandr Boyko’, “Vavilovskoye’, “Venyaminovskoye’, ‘Ivanovskoye” and ‘Rozhdestvenskoye’
(winter cultivars).

Keywords: Malus domestica; adaptability; rootstock; apple scab; productivity; commercial qualities of
fruits; taste

1. Introduction

Among fruit crops, apple has the greatest distribution and holds a leading place in
fruit production in the temperate—continental climate zone. It has high adaptive abilities
and is a valuable food product for humans. For successful gardening, it is necessary to
select the right cultivars that meet these conditions and to ensure high profitability and
high fruit quality.

Current intensification of horticulture is aimed at the dense placement of trees grown
using low-growth clonal rootstocks, new cultivars and technologies that meet modern
requirements and ensure the high profitability of production. The correct selection of
cultivars that meet the modern requirements of production and consumers is of great
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importance in raising the profitability of apple plantations and increasing the quantity and
quality of products [1-7].

In conditions of fierce competition and the appearance of high-quality foreign, but
insufficiently winter-hardy, apple cultivars in the assortment of the middle gardening
zone, the task is to attract new domestic cultivars that combine technology, precocity,
high commodity and consumer qualities of fruits with high adaptability to unfavorable
environmental factors [8-12].

Abiotic factors of the environment (early autumn-winter frosts, low critical tempera-
tures in winter, prolonged frosts after thaws and solar heating with winter desiccation of
fruit tree tissues, spring frosts, droughts and short vegetation period) cause great harm to
apple trees and cause significant harm to agriculture. The impact of stress factors leads to a
sharp decrease in the productivity and quality of fruits and even to the death of apple trees.
The recent increase in cases of negative effects of various biotic and abiotic stress factors
reinforce the role of new domestic apple cultivars that are adapted to certain growing con-
ditions, with high resistance to the main fungal pathogens. For gardening in the temperate
continental climate zone in Russia, the main limiting factor in the cultivation of high-quality
apple cultivars are unfavorable factors for the autumn-winter period and lack of heat in
summer. The effectiveness of gardening in a temperate climate zone largely depends on
abiotic environmental factors. Increasing the reliability of fruit crops in unstable weather
conditions of the temperate continental climate has become particularly relevant.

Periodically recurring severe winters cause significant damage to apple trees. Geneti-
cally determined winter hardiness depends on the natural conditions of the growing zone,
on the combination of meteorological conditions in the autumn-winter period and on the
degree of preparation of tissues in the autumn period. The hardy state of the tree develops
in the process of hardening after the end of the shoot growth and entering dormancy
under the influence of a gradually decreasing temperature and precipitation during this
period [13-15].

A prerequisite for growing apple trees in a temperate continental climate zone is high
frost resistance, which occurs during the hardening period in the autumn period. Stopping
growth and going into a dormant state is an important condition for the adaptation of apple
cultivars to unfavorable winter factors. In autumn, with a decrease in the activity of plant
metabolism, under the influence of a gradual decrease in temperature and shortening of
daylight, hardening occurs, the protective mechanisms of the wintering tree are activated,
the energy potential to overwinter plants accumulates, the cytoplasm turns into a gel-like
state, the water-holding capacity of tissues increases, and the amount of bound water also
increases. The preparation of trees for winter is associated with the hydrolysis of starch, the
accumulation of soluble sugars, proteins, and polyphenols in plant tissues, which increase
the adaptive—protective process [16-18].

Winter hardiness of fruit plants is a complex property and consists of many compo-
nents. In the middle zone of horticulture in Russia, winter damage to apple trees can occur
in different periods; in early winter, with a possible drop in temperature to —25 °C, in
mid-winter, with a drop in temperature to —40 °C, as well as frosts of —25 °C after a thaw
of +2 °C at the end of winter.

The main factor in the adaptability of the cultivar is its productivity, with an increase
in which other indicators of adaptation should also increase, i.e., winter hardiness, re-
sistance to adverse conditions, diseases and pests, etc. Therefore, for high productivity
and high quality of fruits not to depend on natural adverse factors, it is necessary to en-
sure a combination of all the necessary signs of adaptation at the maximum level in the
cultivar [19,20].

One of the main indicators that characterize the value of the cultivar is the yield, which
is determined by its biological and hereditary characteristics and largely depends on the
growing conditions. The productivity potential (flower buds) of an apple tree begins at the
end of the previous year; the formation of the yield goes through all the stages of organo-
genesis, from bud laying to fruit ripening. The realization of the productivity potential is
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closely related to abiotic and biotic environmental factors, which can significantly reduce
the actual yield. The time of entry into fruiting and the rate of increase in the yield are
very important.

The evaluation of quality indicators of apple cultivars is controlled by regulatory and
technical documentation and methodology. Well-tested apple cultivars should be selected
for each region, not only in terms of adaptability, but also in terms of fruit quality.

Intensive, low-growth apple tree plantings should be competitive in the domestic and
global markets, and should ensure the high precociousness and productivity of cultivars
with high fruit quality. The quality of fruits is currently subject to high requirements.
Commodity and consumer qualities are determined by the pomological cultivar and
growing conditions. The value of the cultivar is determined by its commercial qualities
and the one-dimensionality of the fruits. Fruits that are attractive in appearance, with a
beautiful cover color or golden yellow, medium or medium uniform size, with a smooth
skin without rusting and a crisp dense juicy fragrant pulp and a rich sweet and sour—sweet
taste are appreciated.

Intensive modern orchards need technological early-fruiting and high-yielding apple
cultivars with a convenient growth habit. They must also be resistant to unfavorable
abiotic and biotic factors, have high commercial and consumer qualities of fruits, be highly
profitable, and provide a year-round supply of fresh fruits to the population of Russia.

Constantly changing requirements for cultivars and the arrival of new ones, which are
the result of breeding and introduction, mean that there is a task to create a comprehensive,
objective assessment of them in various regions.

The oldest pomological institution, VNIISPK (Orel), has collected a large gene pool of
apples with various genetic and ecological-geographical origins, including local cultivars
of folk selection, and new cultivars of domestic and foreign breeding. The Institute has
created new domestic high-quality triploid and scab-immune cultivars (RVi6). According
to numerous researchers, the number of modern innovative directions for apple breeding
(the creation of cultivars that are scab-immune, columnar, etc.) includes the production of
triploid cultivars [21-24]. These cultivars, which have different maturation periods, can
provide a solution to this problem, but is subject to the careful study of adaptability, fertility,
productivity, and commercial indicators of fruits in each specific zone.

This study allows us to evaluate the cultivars by winter hardiness and precocity to
identify the best of them for modern intensive apple tree plantings in a specific zone of the
temperate continental climate.

The goal of this work is to evaluate domestic apple cultivars of various origins accord-
ing to the main production and biological indicators using a low-growing rootstock. We
determined the threshold of resistance to adverse winter conditions. Isolated early-fruiting
and disease-resistant cultivars, which combine high winter hardiness (at the level of the
Central Russian cultivars) with high marketability, taste qualities and long shelf life (at the
level of European cultivars) were evaluated.

2. Results

Cultivars planted in the spring of 2011 and 2012, in the apple variety plots studied,
successfully endured the moderate winters of the first years of their growth in the garden.

In autumn, the studied cultivars underwent good hardening due to a gradual decrease
in temperature (the average air temperature in September 2021 was 10.9 °C, in October it
was 5.9 °C, in November it was 2.3 °C, and in December it was —4.6 °C), which contributed
to the preparation of the studied cultivars for winter conditions.

To clarify the reaction of cultivars to possible low temperatures and to identify the
threshold of resistance, artificial freezing of cultivars through winter hardiness components
was carried out by modelling the damaging factors in order to determine their cultivation.
As a result of artificial freezing, according to the components of frost resistance, good
resistance to the early winter frosts of all the apple cultivars in the domestic selection
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was revealed, which, without damage, suffered a decrease in temperature after hardening
(=5°C, =10 °C) at the beginning of winter to —25 °C (Component I).

Buds, bark and wood at the beginning of winter were not damaged by frost —25 °C.
When modeling the freezing temperature (—38 °C) in the middle of winter after quenching,
the buds from the shoots were most vulnerable, with significant differences (p < 0.05) in
the cultivars.

Bud damage was noted in the foreign cultivars, namely ‘Ligol’, ‘Melba’, and ‘Honey-
crisp’, and domestic cultivars, namely ‘Start” and ‘Patriot’ (2.4 points), more strongly than
in ‘Antonovka’.

With the frost increasing to —40 °C, bud damage to these cultivars increased, especially
to ‘Melba’ and “Start’—up to 3.0-3.1 points (Figure 1).
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Figure 1. The degree of damage to the buds and tissues of shoots when modeling the frost at —40 °C
(Component II. =5 °C, —10 °C, —40 °C) LSD05—0.3 (to buds); 0.4 (to bark and wood).

Significant damage to the wood was noted in "‘Melba’, ‘Blagodat’, Orlovsky Partizan’
and ‘Start’ (2.5-3.0 points).

Reversible damage to wood at —40 °C was detected in ‘Afrodita” ‘Vita” ‘Zdorovie’,
‘Kulikovskoye’ and triploids ‘Ministr Kiselev’ and ‘Patriot’ (2.1-2.4 points).

Weak damage to wood (at the level of “Antonovka’) was noted in ‘Academic Saveliev’,
‘Aleksandr Boyko’, "Vavilovskoye’, ‘Ivanovskoye’, ‘Pamyat Hitrovo’, ‘Prazdnichnoye’,
‘Rozhdestvenskoye’, ‘Honeycrisp” and in all the studied summer cultivars, except ‘Melba’.
Bark damage in the studied cultivars was reversible, except for ‘Pamyat Semakinu’. Cam-
bium showed good stability in most cultivars (lower than in Antonovka, but sufficient for
the temperature of —40 °C).

Damage to an apple tree in winter can occur both as a result of critical frosts and frosts
after thaws, as well as with sharp fluctuations in temperature during the day and at night,
resulting in a decrease in the frost-resistant condition of the tree.

In February, modeling a thaw of +2 °C, followed by a decrease in temperature to
—25 °C (Component III of frost resistance), revealed damage to buds and bark in most of
the studied cultivars of VNIISPK breeding (Table 1). Winter cultivars ‘Academic Saveliev’,
‘Aleksandr Boyko’, ‘Afrodita’, ‘Blagodat’, ‘Ivanovskoye’, ‘Kulikovskoye’, ‘Prazdnichnoye’
and ‘Rozhdestvenskoye” demonstrated high resistance of all the tissues at the level of
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‘Antonovka’, while summer cultivars, ‘Daryona’ and “Yablochny Spas’, showed resistance
at a higher level than "‘Melba’.

Table 1. The degree of damage to apple cultivars when modeling —25 °C frost after +2 °C thaw
(Component III of winter hardiness).

—5°C, —10°C, +2 °C, —25 °C, point

Cultivar Buds Bark Wood Cambium
Winter cultivars
Academic Saveliev 0.6 0.0 0.0 0.0
Aleksandr Boyko 0.8 0.4 0.0 0.0
Antonovka 0.4 0.0 0.0 0.0
Afrodita 1.0 0.0 0.0 0.0
Blagodat 0.2 0.0 0.0 0.0
Vavilovskoye 1.5 0.7 0.0 0.0
Vita 0.6 0.5 0.0 0.0
Zdorovie 0.8 0.4 0.0 0.0
Ivanovskoye 0.4 0.0 0.0 0.0
Kulikovskoye 0.2 0.0 0.0 0.0
Ligol 2.0 1.0 04 1.0
Ministr Kiselev 1.2 0.4 0.0 0.0
Orlovsky Partizan 1.0 0.2 0.0 0.0
Pamyati Hitrovo 14 1.0 0.0 0.0
Pamyat Semakinu 1.0 0.6 0.0 0.0
Patriot 0.6 0.2 0.0 0.0
Prazdnichnoye 0.4 0.0 0.0 0.0
Rozhdestvenskoye 0.4 0.4 0.0 0.0
Start 1.3 1.0 0.4 0.0
Honeycrisp 22 1.3 0.0 0.6
Summer cultivars
Avgusta 0.5 0.1 0.0 0.0
Daryona 0.6 0.0 0.0 0.0
Zhilinskoye 1.0 0.5 0.0 0.0
Maslovskoye 0.7 0.3 0.0 0.0
Melba 1.5 0.3 0.3 0.0
Osipovskoye 1.8 1.1 0.4 0.6
Spasskoye 0.6 0.2 0.0 0.0
Yablochny Spas 0.6 0.0 0.0 0.0
LSD g5 0.61 0.45 - -

Buds and bark in “Vavilovskoye’, ‘Ministr Kiselev’, ‘Start” and ‘Osipovskoye’ were
damaged by frosts after the thaw to a lesser extent, but more strongly than in “Antonovka’.

Wood and cambium remained resistant to frost after thaws in all domestic cultivars,
except for Start and Osipovskoye (weak damage).

The damage to buds and tissues in ‘Ligol” and ‘Honeycrisp” was significantly higher
than in “Antonovka’ and most of the studied cultivars.
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Thus, the resistance of buds and vital tissues of bark and wood with reversible
damage was no stronger than that of ‘Antonovka” when modeling the temperatures of
—38 °C and —40 °C in mid-winter, and new scab-immune cultivars of winter maturation
‘Ivanovskoye’, “Zdorovie’, and ‘Pamyati Hitrovo’, as well as immune triploids ‘Aleksandr
Boyko’, ‘Rozhdestvenskoye’, ‘Academic Saveliev’, “Vavilovskoye” and ‘Prazdnichnoye’
demonstrated frost resistance to frosts of —25 °C after the simulated thaw of 2.0 °C at the
end of winter.

Triploid cultivars of summer ripening, namely ‘Avgusta’, ‘Daryona’, and ‘Osipovskoye’,
and immune triploids ‘Maslovskoye’ and ‘Zhilinskoye’. ‘Spasskoye” and ‘“Yablochny Spas’
withstood critical freezing temperatures in the middle of winter and frosts after thaws at the
end of winter, with minor damage to vital tissues at the level of ‘Melba’. Hence, resistance
to early winter temperature drops was identified in the cultivars of domestic breeding. In
most, there were also temperature drops to —38 °C and —40 °C in the middle of winter,
with reversible damage to bark, wood, cambium and they maintained a winter-hardy state
to frost after thaws.

In ‘Ligol” and ‘Honeycrisp’, bud damage in all the freezing modes was significantly
stronger in ‘Antonovka’ and other studied cultivars with relative tissue stability.

An important indicator of a modern garden is the precocity of trees.

It was recorded that winter cultivars, namely ‘Afrodita’, ‘Blagodat’, ‘Ivanovskoye’,
‘Pamyati Hitrovo’, and ‘Rozhdestvenskoye’, and summer cultivars, namely ‘Zhilinskoye’,
‘Maslovskoye’, Solnyshko and “Yablochny Spas” on semi-dwarf rootstock 54-118, started
fruiting in the 3rd—4th year.

‘Afrodita’, ‘Blagodat’, Start’, ‘Ivanovskoye’, ‘Patriot” and “Yubiley Moskvy’ at the
age of five years yielded 13-18 kg per tree (8-10 t/ha). Six-year-old trees of “‘Afrodita’,
‘Zhilinskoye’, “‘Maslovskoye’ and ‘Spasskoye’ yielded 20-24 kg per tree (11-13 g/ha).
Annual fruiting at this age was noted in “Venyaminovskoe’, ‘Rozhdestvenskoe” and “Yubiley
Moskvy’, with an increase in yield to 31-34 kg per tree (17-19 t/ha). In ‘Ivanovskoe’ and
‘Patriot’, at the age of 7 years, the yield was 17-20 kg per tree (see Table 2). Early entry into
fruiting was also noted in ‘Rozhdestvenskoye’.

On average, during the study period, triploids ‘Blagodat’, ‘Patriot’, scab-immune
cultivars ‘Afrodita’, “Venyaminovskoye’, ‘Ivanovskoye’, Solnyshko, Start’, scab-immune
triploids ‘Rozhdestvenskoye’, ‘Zhilinskoye’, ‘Candil Orlovsky’, ‘Start’, ‘Maslovskoye’,’
Spasskoye” and “Yablochny Spas’ significantly surpassed the productivity of the rest of the
studied cultivars, the yield of which was at the level of “Antonovka’ (Figure 2).

Late entry into fruiting was noted in ‘Zdorovie’, ‘Ministr Kiselev’, ‘Orlovsky Partizan’,
‘Pamyat Semakinu’, ‘Podarok Uchitelyu’ and ‘Turgenevskoye’.

Below is a brief description of the apple cultivars studied on the semi-dwarf rootstock
54-118 (Table 2).

The evaluation of quality indicators of apple cultivars is controlled by regulatory and
technical documentation and methodology. Well-tested apple cultivars should be selected
for each region, not only in terms of adaptability, but also in terms of fruit quality.

Intensive, low-growth apple tree plantings should be competitive in the domestic
and global markets and ensure the high precociousness and productivity of cultivars
with high fruit quality. The quality of fruits is currently subject to high requirements.
Commodity and consumer qualities are determined by the pomological cultivar and
growing conditions. The value of the cultivar is determined by its commercial qualities
and the one-dimensionality of the fruits. Fruits that are attractive in appearance, with a
beautiful cover color or golden yellow, medium or medium uniform in size, with a smooth
skin without rusting and a crisp dense juicy fragrant pulp and a rich sweet and sour-sweet
taste are appreciated.
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Table 2. Evaluation of apple cultivars by the main economic and biological indicators (2018-2021).

Planting in autumn 2014.

. Average Yield, Fruit Ripening Resistance to Fruit Taste, S Average Fruit Fruit Storage
Cultivar kg per Tree Period Scab Point Fruit Juiciness Weight, g Duration
Triploids
Avgusta (3x) 41 late summer middle S‘s/\(l);rti/sil;l juicy 160 20-25 days
Sal?lgi%s/n(gi) 7.5 winter high (RVi6) sour-sweet/4.3 juicy 160 late January
Aleksandr 60 late winter high (RVi6) dessert/4.5 juic 210 till early March
Boyko (3x) : 8 i jucy y
Blagodat (3x) 16.0 early winter middle dessert, very juic 170 late December
g : y sour-sweet/4.4 yjaey
Vavizg\;s)koye 6.6 winter high (RVi6) dessert/4.5 very juicy 180 till late February
Zhilinskoye . . d t, .
3x) 4 12.7 summer high (RVi6) sour—:x?vsgét 44 juicy 160 15-20 days
Masl((;\;s)k oye 13.2 summer high (RVi6) sour-sweet/4.2 middle juicy 155 20 days
Minis(tSr i()iselev 2.8 winter resistant sour-sweet/4.5 juicy 170 late January
OSIP((?)LST oye 5.4 early summer middle resistant sour-sweet/4.4 juicy 140 10-15 days
Orlovskiy 2.0 winter resistant sour-sweet/4.4 juic 165 late Januar
partizan(3x) ' - jucy y
Pamyat . . - .
Semakinu (3x) 4.2 early winter resistant sour-sweet/4.2 juicy 160 till January
. . . - till early
Patriot (3x) 17.3 winter middle sour-sweet/4.4 juicy 180 February
Prazctgiilgmoye 6.4 early winter high (RVi6) dessert/4.4 juicy 180 till December
Rozhdestvensk . . ) d t .
0z (;sx\)/ens oye 15.2 winter high (RVi6) sour-sssgert /45 very juicy 210 late January
Spasskoye (3x) 20.9 summer high (RVi6) sour-sweet/4.3 juicy 155 10-15 days
Turge(r;e;/)s koye 0.9 winter middle sour-sweet/4.3 juicy 150 till January
Yablo(cél: g’ Spas 159 summer high (RVi6) sour-sweet/4.4 very juicy 205 15-20 days
Diploids
Antonovka 2.0 early winter middle sweey-sour /4.2 juicy 150 late November
Afrodita 18.0 early winter high (RVi6) sour-sweet/4.4 juicy 150 late December
Venyaminovskoye 15.6 winter high (RVi6) sour-sweet/4.3 juicy 155 late February
: . high field L till early
Vita 7.6 winter resistance sour-sweet/4.2 juicy 160 February
Zdorovye 4.0 winter high (RVi6) sour-sweet/4.3 middle juicy 140 till February
Ivanovskoye 20.0 winter high (RVi6) sour-sweet/4.4 juicy 165 late January
OS]?)I\\I(sililiy 13.8 early winter high (RVi6) sour-sweet/4.4 middle juicy 140 till January
Kulikovskoye 67 late winter high field oot middle juicy 140 till April
I;?irtrrlgsg 9.3 winter high (RVi6) sour-sweet/4.3 middle juicy 170 till February
Pepin Orlovski 111 ly wint high field t/44 jui 150 tll
epin Orlovskiy . early winter reSistance sour-sweet/4. juicy ill January
. . L till earl:
Pervinka 10.0 autumn high sour-sweet/4.3 very juicy 140 Novemb};r
Podarok 42 summer middle sour-sweet/4.4 140 10-15 days
Uchitelyu ’ ’ Y
Solnyshko 122 late summer high (RVi6) sour-sweet/4.3 juicy 160 till November
Start 12.7 winter high (RVi6) sour-sweet/4.3 juicy 140 mid-January
Yubiley Moskvy 16.8 early winter high (RVi6) sour-sweet/4.3 juicy 140 late December
LSD g5 10.4

Note: (3% )—triploid.
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Figure 2. Average yield of the cultivars for 2019-2021 (LSDg5 = 10.4).

The study of apple cultivars, according to the commercial and consumer qualities
of fruits, allowed us to identify the largest fruits in triploid cultivars: ‘Aleksandr Boyko’,
‘Rozhdestvenskoye’ and ‘Yablochny Spas’ (with an average fruit weight of 205-210 g).
Triploids, namely ‘Academic Saveliev’, ‘Blagodat’, “Vavilovskoye’, ‘Ministr Kisilev’, ‘Orlovsky
Partizan’, ‘Pamyat Semakinu’, ‘Patriot’ and ‘Prazdnichnoye’, have fruit of above the average
weight. Summer cultivars, namely ‘Zhilinskoye’, ‘Maslovskoye’ and ‘Spasskoye’, also have
fruit of above the average weight (155-170 g).

In the triploid group, cultivars with large fruits, with an average weight of 151-210 g
and above average weight, prevail; in the diploid group, most cultivars have an average
fruit weight of 140-150 g (Figure 3) and only ‘Veniaminovskoye’, ‘Vita’, ‘Ivanovskoye’,
‘Pamyati Hitrovo” and ‘Solnyshko” have a fruit weight above average size. The differences
in fruit weight between the groups of triploids and diploids are significant are in accordance
with the calculation of the U-test criterion (Mann-Whitney, U-test) [25].

Diploid Triploid

m 111-150g m151-200g =™ morethan200g

Figure 3. Division of diploid and triploid cultivars by average fruit weight (%).
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Consumers primarily evaluate apples by their appearance, absence of damage by
diseases and pests, one-dimensionality, size. shape, color, and taste, and consumers prefer
their familiar and favorite cultivars.

On the shop shelves of Russia, most of the new breeding cultivars are not inferior to
imported fruits in terms of marketable qualities and the attractiveness of fruits. The fruits
‘Ivanovskoe’ and ‘Pamyat Semakinu’ are very attractive in appearance, with a bright red
solid blush. ‘Aleksandr Boyko’, ‘Afrodita’, “Veniaminovskoe’ and ‘Ministr Kiselev’ have an
intense and bright crimson-red blush on the entire surface of the fruit.

‘Rozhdestvenskoye ‘and ‘Prazdnichnoye’ have very beautiful fruits, with a thick
dark red blush and a burgundy shade. ‘Vavilovskoye” has large marketable fruits with a
blurry-striped red blush and ‘Blagodat” has a crimson-red blush.

With a long shelf life of fruits (until March), ‘Aleksandr Boyko’ stands out. The fruits
of “Vavilovskoye’ and ‘Prazdnichnoe’ are stored until February, the fruits of ‘Ivanovskoe’,
‘Pamyat Semakinu’, “Venyaminovskoe” and ‘Ministr Kiselev have a shelf life until the end of
January, preserving the freshness and juiciness of the pulp. According to the taste qualities,
these cultivars are rated as a dessert by 4.5 points.

Summer cultivars, namely ‘Osipovskoye’, ‘Spasskoye’” Avgusta’ and ‘Solnyshko’, have
very attractive fruits, with a bright crimson-red blush, great taste and juicy fragrant pulp.

3. Discussion

The negative effects of various biotic and abiotic environmental stress factors signifi-
cantly reduce the size and quality of fruit yield and cause great damage to fruit plants.

Therefore, the problem of creating and selecting new, high-quality domestic apple cul-
tivars for industrial cultivation with high adaptability in unstable conditions is particularly
relevant [19]. In the horticulture industry, this problem is particularly acute, with a large
pesticide load associated with a large number of protective measures in orchards. This
contributes to a decrease in the ecological purity of the resulting products. In changing con-
ditions, adaptive apple cultivars, which are resistant to stress factors, major diseases, stable
fruiting, and high-quality fruits are needed. Previously popular apple cultivars, namely
‘Orlik’, “Orlovskoye Polosatoye’, “Veteran’, ‘Pepin Orlovsky’, ‘Pervinka’, ‘Pamyat Voinu’
and others, have lost their significance due to the size reduction of fruits and increased
damage by diseases and pests. The widespread use of high-quality Western European
cultivars in industrial plantings is impossible due to their low resistance to the harsh cold
of the autumn—winter period, to the spring frosts during flowering and the lack of heat
in summer in the central zone of Russia, which is consistent with the data obtained by a
number of authors [26,27]. The creation of scab-immune apple cultivars and the use of
polyploidy, with heterochromosomal crosses, offers great prospects for the creation of new
genotypes with valuable production and biological indicators. Russian Research Institute
of Fruit Crop Breeding has created scab-immune cultivars and triploid apple cultivars.
Of particular value are triploid cultivars that have immunity to the most common apple
scab diseases (RVi6). Therefore, a comprehensive approach is needed to evaluate new
and innovative apple cultivars to determine the potential for resistance and commercial
qualities of fruits in modern conditions on a certain rootstock.

The results of artificial freezing allowed us to determine high resistance to early winter
frosts in all the studied domestic cultivars. In the middle of winter, when the frost was
—40 °C, the buds and wood were more damaged, while the bark was more stable for
most cultivars since it lost stability more slowly. During the thaw at the end of winter, the
vegetative buds and bark of most cultivars lost stability and were more damaged by frost.
"Ivanovskoye’, “Zdorovie’, 'Pamyati Hitrovo’ (scab immune diploids of winter maturation),
‘Aleksandr Boyko’, ‘Rozhdestvenskoe’, “‘Academic Saveliev’, ‘Vavilovskoe’ and ‘Prazdnich-
noye’ (scab immune triploids), as well as summer triploid ‘Avgusta’, demonstrated frost
resistance of vegetative buds and tissues at the level of ‘Antonovka’, according to all the
components of winter hardiness. During winter, the resistance of summer scab immune
triploids, namely ‘Zhilinskoye’, ‘Maslovskoye’, “Yablochny Spas’ and ‘Spasskoye’, was at
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the level of “Antonovka’, but above the level of ‘Melba’. The analysis of variance showed
significant differences between the apple cultivars.

Thus, the frost resistance of domestic cultivars to early winter temperature drops was
identified. Most of them were found to be resistant to temperature drops to —38 °C and
—40 ° C in the middle of winter with reversible damage to bark, wood and cambium, and
they also maintained a winter-hardy condition to frost after thaws.

High precocity of scab-immune “Afrodita’, ‘Ivanovskoye’,” Venyaminovskoye’, and
“Yubiley Moskvy’, and triploids ‘Patriot’ and ‘Rozhdestvenskoye’, has been proven.

According to E.N. Sedov et al., “Triploid cultivars are characterized by high produc-
tivity, high commercial and consumer qualities of fruits, more regular fruiting, increased
self-fertility, and in winter hardiness and resistance to diseases are not inferior to diploid
cultivars” [28]. According to the data obtained, the studied group of triploids significantly
exceeded diploids in terms of fruit weight, and were not inferior to imported fruits in terms
of attractiveness and beautiful cover color.

In general, triploids surpass diploids and the control cultivar ‘Antonovka’ in the size
of fruits.

A number of authors have reported on the significant influence of growing conditions
and agronomic factors on the quality of fruits (fruit size, pulp density, and soluble solids
content). [29-31]. The fruits of foreign apple cultivars, ‘Honeycrisp” and ‘Ligol’, which are
grown in the orchards of the central zone of Russia, have a dense juicy pulp and are stored
for a long period, but the intensity of taste due to the lack of sunny days and heat during
the ripening period is significantly inferior to the cultivars of local breeding.

4. Methods and Materials

This study was carried out in 2012-2021 at the site of the apple variety study by
VNIISPK. The Orel region is located in a temperate continental climate zone in the central
part of the Central Russian Upland at an altitude of 203 m above sea level.

The average annual long-term air temperature is 4.6 °C, the average temperature of
winter months is —8.4 °C, and the absolute minimum air temperature in winter is —39.9 °C.
The absolute maximum in summer is +40 °C, the sum of temperatures above +10 °C is
2250 °C, and the growing season lasts 175-185 days. The average annual precipitation is
550 mm, and droughts and dry winds are common in spring.

The analysis of meteorological data over the past 20 years has shown unstable weather
conditions in the temperate continental climate of the Orel region. According to long-term
data, the average temperature of the winter months was —8.4 °C, but this indicator was
very unstable over the years. For the period from 2002 to 2022, there were significant
fluctuations in this indicator, from —10.2 °C (winter 2002/2003) to —0.4 °C (Table 3) (winter
2019/2020) (data from the VNIISPK weather station). Cold winter periods were replaced
by moderately warm ones. Numerous researchers reported on the impact of climate change
on fruit plants [32].

Warm winters have become more frequent in recent years, and our research coincided
with the period of warm winters, when the sum of negative winter temperatures was very
small (for example, in the winter of 2019/2020, it was only 112.6 °C), and the minimum
temperature did not fall below —15 °C. Therefore, it was necessary to carry out artificial
freezing on the components of winter hardiness to establish a threshold for the frost
resistance of new cultivars and to clarify the possibilities of their use in intensive plantings.

The object of this study was 32 apple cultivars (diploids and triploids) of differ-
ent maturation periods (summer, autumn, and winter) and control cultivars ‘Melba’
and ‘Antonovka’.

This study included triploid cultivars of summer ripening, namely ‘Avgusta’, ‘Dary-
ona’, ‘Maslovskoye’, ‘Osipovskoye” and ‘Yablochny Spas’, which developed by using
diploid gametes of ‘Papirovka tetraploid” as a donor (2-4-4-4 x). Triploids of winter matu-
ration, ‘Orlovsky Partizan” and ‘Patriot’, were obtained using a donor of diploid gametes
13-6-106 (Suvorovets—open pollination). Using ‘Wealthy tetraploid” (2-4-4-4 <), triploid
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‘Ministr Kiselev’ and two immune cultivars (RVi6), ‘Aleksandr Boyko” and ‘Vavilovskoe’,
were developed. ‘Blagodat’ and ‘Prazdnichnoye’ were created using ‘Giant Spy’.

Table 3. Winter conditions in 2002-2022 (data of VNIISPK weather station).

Average Temperature of

W WMo v SomOAneDaly Ml e Numberof D
Annual —8.4 °C)
2002/2003 —10.2 1099.6 —30.5 8
2003/2004 —5.2 502.5 —24.5 17
2004 /2005 —49 746.8 —26.5 21
2005/2006 -9.3 1198.1 —36,5 6
2006/2007 3.1 421.0 —27.2 43
2007/2008 —4.2 4244 —21.2 15
2008/2009 —49 536.4 —19.5 16
2009/2010 —9.8 1033.9 —32.0 23
2010/1011 —8.6 946.0 —34.2 5
2011/2012 —6.8 694.1 —-39.9 26
2012/2013 —6.6 951.5 —31.7 35
2013/2014 —-59 576.1 -31.0 15
2014/2015 —5.1 486.5 —24.5 9
2015/2016 —4.3 499.3 —29.3 18
2016/2017 —6.6 601.3 —244 5
2017/2018 —49 695.0 —26.1 18
2018/2019 —5.0 554.6 —24.5 4
2019/2020 —04 112.6 —15.0 21
2020/2021 —6.7 669.5 —29.3 9
2021/2022 —54 371.7 —20.1 6

The triploids, namely ‘Pamyat Semakiny, ‘Sinap Orlovsky’, ‘Rozhdestvenskoye” and
“Yubilar’, were obtained by crossing diploid cultivars, one of which was prone to the
formation of non-reduced gametes [24].

This experiment was undertaken in the autumn of 2014. The planting scheme was
6 x 3 m. The rootstock was a semi-dwarf clone 54-118.

Generally accepted methods of variety study in the field and laboratory conditions
were used [33,34].

To determine the differences between the groups of diploids and triploids, the non-
parametric Mann-Whitney U-test method was used [25].

Uexp=n; -ny + [ny - (ng +1)]/2 — Tx

n;—the number of elements of the first sample

ny—the number of elements of the second sample

Tx—greater of the two rank sums

Winter hardiness was studied in the laboratory conditions in a five-fold repetition by
modeling damaging factors in the environmental test chamber ESPEC PSL-2KPH.

Damage to bark, wood and cambium was assessed by the degree of tissue browning
on the longitudinal section. The intensity of browning of the tissues corresponded to
the degree of freezing. Undamaged tissue had a light green color and damage caused
darkening of tissues to varying degrees (from light yellow to dark brown or black). Tissue
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damage on frozen branches was assessed on a five-point scale by the degree of darkening,
where 0 was the absence of damage, 1 was minor damage with a slight darkening up to
10-15% of the tissue area, 2 was reversible damage with a darkening up to 40% of the tissue
area, 3 was up to 60% of the area, 4 was severe damage with a darkening of 60-80% of the
area, which was not capable of tissue regeneration, and 5 was more than 80% of the area
had a dark brown color and was dead.

The assessment of the degree of bud damage was assessed on a scale: where 0 was no
damage; 1 was insignificant damage, and the tissue under the bud was damaged; 2 was
reversible damage, and a part of the leaf bud was damaged; 3 was moderate damage, and
the vascular system and most of the leaf buds were damaged; 4 was severe damage, and
apical meristems and most of leaf buds were dead; 5 was buds and tissues were dead.

The simulation of freezing conditions was carried out after gradual hardening at
a temperature of —5 °C and —10 °C (5 days) under the following modes of the main
components of frost resistance:

I—resistance to early frosts in early December, —5 °C, —10 °C, and —30 °C;

II—the maximum level of frost resistance in January —February (freezing mode: —5 °C,
—10°C, =38 °Cand -5 °C, —10 °C, and —40 °C);

[II—resistance to frosts after thaw (freezing mode: —5 °C, —10 °C, +2 °C, and —25 °C).

Temperature decrease by 5 °C per hour; critical temperatures were maintained for 8 h;
thaw (+2 °C) was 2 days.

To group fruits by size, the following gradation was followed: medium—111-150 g;
above average—151-200 g; large—201-250 g; and very large—251-350 g [35].

The appearance of fruits and taste were evaluated at the tastings during the period of
optimal maturity.

The tasting commission consisted of seven highly qualified employees, the assessment
was given individually, and then the average score was calculated.

The taste qualities of the fruits were determined by taking into account the following
scale: dessert taste—4.5 points and above, excellent table taste, 4.3—4.4 points, good taste,
4.2-4.1 points, 4.0 and below, mediocre taste.

The cultivars were evaluated by one-dimensionality, juiciness, appearance of attrac-
tiveness and duration of the consumer period. According to these indicators, the cultivars
were compared with the control ones, with each other and with imported cultivars during
the optimal maturation period.

Statistical data processing was carried out by generally accepted methods using the
Microsoft Office Excel program [36,37].

5. Conclusions

According to the complex of characteristics, promising apple cultivars were identified
for planting in intensive orchards of the temperate continental climate zone: ‘Avgusta’ and
‘Solnyshko’ (summer cultivars); ‘Aleksandr Boyko’, “Vavilovskoye’, “Venyaminovskoye’,
‘Ivanovskoye” and ‘Rozhdestvenskoye’ (winter cultivars).

The cultivation of new, adaptive domestic apple cultivars with a complex of basic
production and biological characteristics and high quality of fruits will contribute to
improving environmental safety and the economic efficiency of horticulture.

Author Contributions: Conceptualization, N.K.; validation, N.K.; formal analysis, N.K. and Z.O;
investigation, N.K,; resources, Z.0., A.G. and M.L.; data curation, A.G. and Z.O.; writing—original
draft preparation, N.K.; writing—review and editing, N.K., Z.O. and M.L.; visualization, M.L,;
supervision, N.K.; project administration, M.L. All authors have read and agreed to the published
version of the manuscript.

Funding: Ministry of Science and Higher Education of the Russian Federation project FGZS-2022-0008.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.



Plants 2022, 11, 2770 13 of 14

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

Acknowledgments: The authors thank the participants in this study, as well as the reviewers and the
editors for their valuable comments and opinions.

Conflicts of Interest: The authors declared having no competing interests.

References

1. Sedov, E.N.; Sedysheva, G.A.; Serova, Z.M. Apple Tree Breeding at the Polyploid Level; VNIISPK: Orel, Russia, 2008; p. 366.
ISBN 978-5-900705-39-2.

2. Sedov, E.N.; Krasova, N.G.; Muravyev, A.A,; Paliy, M.V,; Serova, Z.M. Intensive Apple Orchard on Low-Growing Insert ROOTSTOCKS;
VNIISPK: Orel, Russia, 2009; p. 175.

3. Sedov, E.N. Breeding and New Apple Cultivars; VNIISPK: Orel, Russia, 2011; p. 622.

4.  Ikase, L.; Lacis, G. Apple breeding and genetic resources in Latvia. Acta Hortic. 2013, 976, 69-74. [CrossRef]

5. Onischenko, K.V.; Belous, O.G. Analysis of the main trends in apple cultivation (literature review). Subtrop. Ornam. Hortic. 2019,
68, 137-146. [CrossRef]

6. Egorov, E.A,; Prichko, T.G.; Ulianovskaya, E.V.; Popova, V.P.; Artukh, S.N.; Podgornaya, M.E.; Fomenko, T.G.; Efimova, I.L.;
Shadrina, Z.A. Promising cultivars and cultivation technologies of apples in the south of Russia; FSBSI NCFSCHYV: Krasnodar, Russia,
2018; p. 79.

7. Krasova, N.G.; Galashava, A.M.; Korolyev, T.Y. Contemporary assortment of apple in central black earth region and gene pool of
all-russian research institute for fruit crop breeding in selection. Vestn. Russ. Agric. Sci. 2020, 4, 13-17. [CrossRef]

8.  Savelyev, N.I; Savelyeva, N.N.; Yushkov, A.N. Promising Apple Varieties Immune to Scab; Scientific Publication: Michurinsk,
Russia, 2009.

9.  Kalinina, LP; Makarenko, S.A. Results and prospects of apple breeding in Altai. Achiev. Sci. Technol. Altai. 2013, 7, 9-11.

10. Kozlovskaya, Z.A. Apple Breeding in Belarus; Belarusskaya Nauka: Minsk, Belarus, 2015; p. 457.

11. Ulyanovskaya, E.V,; Prichko, T.G.; Artyukh, S.N.; Efimova, I.L. Promising immune and resistant to scab apple varieties for the
Southern zone of horticulture. Hortic. Vitic. 2016, 4, 9-14. [CrossRef]

12.  Sedov, E.N.; Yanchuk, T.V; Korneeva, S.A.; Dutova, L.L; Ulianovskaya, E.V. Results of cooperation between breeders of different
institutions in creation of new generation apple tree. Her. Russ. Acad. Sci. 2020, 4, 46-49. [CrossRef]

13. Quamme, H.; Cannon, A.; Neilsen, D.; Caprio, J.; Taylor, W. The potential impact of climate change on the occurrence of winter
freeze events in six fruit crops grown in the Okanagan Valley. ]. Plant Sci. 2010, 90, 8593-8596. [CrossRef]

14. Arora, R,; Rowland, L.J. Physiological research on winter-hardiness: Deacclimation resistance, reacclimation ability, photoprotec-
tion strategies and a cold acclimation protocol design. Hort. Sci. 2011, 46, 1070-1078.

15. Cline, J.A.; Neilsen, D.; Neilsen, G.; Brownlee, R.; Norton, D.; Quamme, H. Cold hardiness of new apple cultivars of commercial
importance in Canada. J. Am. Pomol. Soc. 2012, 66, 174-182.

16. Sergeeva, K.A. Physiological and Biochemical Bases of Winter Hardiness of Woody Plants; Nauka: Moscow, Russia, 1971; p. 171.

17. Nen’ko, N.I;; Krasova, N.G.; Artyuh, S.N.; Bogdanovich, T.V,; Sergeev, Y.I.; Karavaeva, A.V.; Kiseleva, G.K. Frost resistance of
apple trees of different maturation periods in the conditions of the North Caucasian region. Gard. Vitic. 2010, 4, 40-45.

18. Krasova, N.G.; Ozherel’eva, Z.E.; Golyshkina, L.V.; Makarkina, M.A.; Galasheva, A.M. Winter Hardiness of Apple Varities; VNIISPK:
Orel, Russia, 2014; p. 183.

19. Zhuchenko, A.A. Adaptive Plant Breeding System (Ecological and Genetic Foundations); RUDN Publishing House: Moscow, Russia,
2001; Volume 1, p. 708.

20. Sedov, E.N.; Krasova, N.G. Winter hardiness of apple cultivars. Agrar. Sci. J. 2010, 2, 20-23. (In Russian)

21. Lozitsky, A.Y. Biological and economic characteristics of polyploid cultivars of apple and pear. Abstract of the dissertation of the
Candidate of Biological Sciences. Leningrad 1970, 20.

22. Dutova, L.I. Cytological and anatomical-morphological characteristics of apple cultivars with different levels of ploidy. In Apple
Breeding to Improve the Quality of Fruits; VASHNIL: Orel, Russia, 1985; pp. 202-206.

23. Ponomarenko, V.V. Polyploidy of Mallus Mill. species. In Apple Breeding to Improve the Quality of Fruits; VASHNIL: Orel, Russia,
1985; pp. 163-168.

24. Sedov, E.N.; Sedysheva, G.A.; Makarkina, M.A.; Levgerova, N.S.; Serova, Z.M.; Korneeva, S.A.; Gorbacheva, N.G,; Salina, E.S.;
Yanchuk, T.V.; Pikunova, A.V,; et al. Innovations in Changing Apple Genome, New Prospects in Breeding; VNIISPK: Orel, Russia,
2015; p. 62.

25. Mann, H.B.; Whitney, D.R. On a test of whether one of two random variables is stochastically larger than the other. Ann. Math.
Stat. 1947, 18, 50-60. [CrossRef]

26. Savel’eva, N.N. Biological and Genetic Features of Apple Trees and Selection of Column-Shaped Varieties Immune to Scab; Michurinsk-
Science City of the Russian Federation: Michurinsk, Russia, 2016; p. 276.

27. Ulyanovceskaya, E.V.,; Bogdanovich, T.V.; Surpun, LI; Tokmarev, S.V. An integrated approach to the selection of apple trees. Breed.

Var. Cultiv. Fruit Berry Crops 2018, 5, 139-141.


http://doi.org/10.17660/ActaHortic.2013.976.5
http://doi.org/10.31360/2225-3068-2019-68-137-146
http://doi.org/10.30850/vrsn/2020/4/13-17
http://doi.org/10.18454/VSTISP.2016.4.2839
http://doi.org/10.30850/vrsn/2020/4/46-49
http://doi.org/10.4141/CJPS09042
http://doi.org/10.1214/aoms/1177730491

Plants 2022, 11, 2770 14 of 14

28.

29.

30.

31.
32.

33.

34.

35.

36.
37.

Sedov, E.N.; Sedysheva, G.A.; Zhdanov, V.V. The state and prospects of apple breeding at the polyploid level. In Apple Breeding to
Improve the Quality of Fruits; VASHNIL: Orel, Russia, 1985; pp. 169-178.

Warrington, L].; Fulton, T.A.; Halligan, E.A.; De Silva, H.N. The growth and ripening of apple fruits is affected by temperatures at
the beginning of the season. J. Am. Soc. Hortic. Sci. 1999, 124, 468-477. [CrossRef]

Aggelopoulou, K.D.; Wulfsohn, D.; Fountas, S.; Gemtos, T.A.; Nanos, G.D.; Blackmore, S. Spatial Variation in Yield and Quality in
a Small Apple Orchard. Precis. Agric. 2010, 11, 538-556. [CrossRef]

Musacchi, S.; Serra, S. Apple Fruit Quality: A Review of Preharvest Factors. Sci. Hortic. 2018, 234, 409-430. [CrossRef]

Rai, R.; Joshi, S.; Roy, S.; Singh, O.; Sameer, M.; Chandra, A. Impact of climate change on the yield of temperate fruit crops with
particular emphasis on the apple tree. J. Hortic. 2015, 2, 135-141. [CrossRef]

Sedov, E.N.; Krasova, N.G.; Zhdanov, V.V,; Dolmatov, E.A.; Mozhar, N.V. Pome crops (apple, pear, and quince) (Semechkovye
kultury [yablonya, grusha, ayval]). In Program and Methodology of Variety Studies for Fruit, Berry and Nut Crops (Programma i Metodika
Sortoizucheniya Plodovykh, Yagodnykh i Orekhoplodnykh Kultur); Sedov, E.N., Ogoltsova, T.P., Eds.; VNIISPK: Orel, Russia, 1999;
pp- 253-299.

Tyurina, M.M.; Krasova, N.G.; Rezvyakova, S.V.; Savelyev, N.I.; Dzhigadlo, E.N.; Ogoltsova, T.P. Study of winter hardiness of
fruit and berry plants in field and laboratory conditions. In Program and the Methods of Cultivars Study of Fruit, Berry and Nut Crops;
VNIISPK: Orel, Russia, 1999; pp. 59-69.

UPOV. International Union for the Protection of New Varieties of Plants. TGP/14/5. 2020. Available online: https://www.upov.
int/edocs/tgpdocs/en/tgp_14.pdf (accessed on 2 August 2022).

Stata: Release 12, Statistical Software; StataCorp LP: College Station, TX, USA, 2011.

Hamilton, L.C. Statistics with STATA: Updated for Version 10; Cengage: Boston, MA, USA, 2008.


http://doi.org/10.21273/JASHS.124.5.468
http://doi.org/10.1007/s11119-009-9146-9
http://doi.org/10.1016/j.scienta.2017.12.057
http://doi.org/10.4172/2376-0354.1000135
https://www.upov.int/edocs/tgpdocs/en/tgp_14.pdf
https://www.upov.int/edocs/tgpdocs/en/tgp_14.pdf

	Introduction 
	Results 
	Discussion 
	Methods and Materials 
	Conclusions 
	References

