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Purpose. On the basis of a comprehensive study of the characteristics of growth, development, fruiting and quality of the
fruits of spontaneous mutants of the apple tree (Malus domestica Borkh.) of ‘Jonagold’ variety, select clones which differ
from the original variety in tree growth strength and are superior in yield, marketability, fruit keeping quality and economic
production efficiency of the latter. Methods. Field, laboratory, comparison, generalization and mathematical statistics.
Results. The results of studying the growth and fruiting characteristics of 20 Ukrainian spontaneous clones of ‘Jonagold’
variety in the conditions of the Western Forest-Steppe of Ukraine are presented. It is revealed that plants of the studied
clones did not differ in terms of beginning and duration of the main phenological phases and vegetation period from the
varieties widely distributed and well adapted to Podillia conditions. The harvesting ripeness of the clone fruits came in
the second or third decades of September with a difference of seven days. Trees of most clones (DP-4, DP-5, DP-9, DP-10,
DP-13, DP-14 and DP-17) were medium-growing. The vield of five to eight-year-old clone plantations was 12.1-32.3 t/ha,
which provided cost-effective cultivation in the conditions of Podillia, the level of production profitability was 66—242%.
All spontaneous mutants formed fruits larger than average size (except for DP-20, forming large ones), which are beauti-
ful, elegant and vary in the intensity and character of the skin color depending on the clone. The clones DP-1, DP-3, DP-17,
DP-18 and DP-19 were distinguished by a high yield of fruits of the highest and first grade.The clones DP-1, DP-3, DP-17,
DP-18 and DP-19 were marked by the highest yield of apples of the higher and the first commodity grade, and this property
was significantly superior to the yield of the control variety. The tested clones are divided into three groups according to
the fruit ripening dates: early winter, winter, and late winter. Conclusions. A long-term assessment of the objects of study
revealed that the biological properties Ukrainian clones of ‘Jonagold’ variety correspond to the climatic conditions of the
Western Forest-Steppe of Ukraine. Most of them belong to the medium-growth group (DP-4, DP-5, DP-9, DP-10, DP-13, DP-14
and DP-17) and are characterized by a mixed type of fruiting. Clones DP-1, DP-3, DP-17, DP-18 and DP-19 were distinguished
by a high yield of fruits of the highest and first commodity grade. According to the main indicators of fruit quality, clones
DP-3, DP-8, DP-13, DP-14, DP-16, DP-17, DP-18 and DP-20 were recognized as the best; the highest economic efficiency of
apple production in Podillia was provided by clones DP-14, DP-17, DP-18 and DP-19. The latter ones are recommended for
registration in “The State Register of plant varieties suitable for dissemination in Ukraine”, as promising clones for intro-
duction into planting for the production of fruits of universal purpose in the zone of the Western Forest-Steppe of Ukraine.
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purpose [1-3]. During 1998—-2010 researchers
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‘Jonagold’, as a polyclonal apple variety,
has long been popular abroad and in Ukraine
because its apples are characterized by attrac-
tive appearance, excellent taste and universal
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research station network determined that
among the wide diversity of new varieties of
domestic and foreign breeding, ‘Jonagold’ is
one of the best for laying out intensive gar-
dens in the Forest-Steppe of Ukraine [4].

Due to the genetic instability of the variety,
more than 200 of its clones have been selected
in many countries. The most famous and com-
mon are clones ‘Jonagored’, ‘Dekosta’, ‘Red
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Jonaprince’, ‘King Jonagold’ discovered in
Belgium; ‘Jonica’, ‘Rubinstar’ — in Germany;
‘Boerekamp Early Quee’, ‘Wilmuta’ — the
Netherlands [2, 5]. All these clones differ
from the original variety by the best quality
of fruits. Its formation is influenced by the
biological characteristics of the plants, soil
and climatic factors of the growing zone, me-
teorological conditions of the year, agricul-
tural technology of cultivation (system of soil
content, nutrition, irrigation, rootstock type,
etc.) [1, 2, 6]. It is the influence of those fac-
tors that determines the formation of the com-
modity and nutritional properties of apples,
and their suitability for long-term storage in
varieties of winter ripening.

In the world apples of popular ‘Jonagold’
variety clones differ slightly in properties,
which is due to a certain reaction to specific
conditions of cultivation. The study of mar-
ketability and taste of ‘Jonagold’, ‘Wilmuta’,
‘Dekosta’ and ‘Jonagored’ fruits grown under
the conditions of the Forest-Steppe of Ukraine,
allowed A. I. Trokhimchuk [7] to make a con-
clusion about enhanced marketability of ap-
ples. They were characterized by a good shape,
intense cover color, as well as medium (‘Dekos-
ta’, ‘Jonagored’) and above average (‘Wil-
muta’, ‘Jonagold’) mass of fruits. According
to the results of tastings, fruits of the above
varieties were considered attractive (8.2-8.5
points) and met taste preferences (8.3—-8.5
points) of Ukrainian consumers. In the Forest-
Steppe and Crimea conditions, ‘Jonagold’ va-
riety and its clones had the highest rating on
a set of indicators that generally characterize
the marketable qualities of fruits. Apples
were above medium and large size, high di-
mensionality, attractiveness, and the output
of marketed products was more than 90%.

Apples that are suitable for long-term stora-
ge are sold in the winter-spring period at
higher prices and provide the enterprise with
the receipt of funds for a long time. Studies
conducted by A. I. Trokhimchuk [7] showed
that fruits of ‘Wilmuta’ (200 days), ‘Jona-
gored’ (195 days), ‘Jonagold’ (185 days) and
‘Dekosta’ (178 days) clones can be stored in
the refrigerator for a long time. According to
V. P. Ripamelnik [8], fruits of ‘Jonagored’ and
‘Dekosta’ clones were preserved for 143 days,
‘Jonagold’ — 189 days, and ‘Boerekamp Early
Queen’ — 200 days. Apples of ‘Jonagold’ vari
ety and its clones grown in the conditions of
the Krasnodar Territory can maintain consu
mer qualities of fruits for up to 6 months [9].

It is well known that in compacted intensive
plantings, the luminance of tree canopies is
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sufficient if the height of the trees does not
exceed 3.5 m, and the diameter of the crown
is no more than 3 m [10]. According to T. E.
Kondratenko [2], the trees of introduced
clones do not differ significantly in growth
strength and crown characteristics from the
original ‘Jonagold’, which belongs to vigo-
rous cultivars. Only in trees of ‘Jonaprince’
variety T. V. Bogdanovich [11] determined ave-
rage strength of growth. Improvement of the
economic and biological properties of this
valuable variety in many countries is achieved
by clone breeding. Most cultivated foreign
clones are not adapted to the conditions of the
Forest-Steppe and Polissia of Ukraine, there-
fore, clone breeding in industrial plantings of
this variety in the Western Forest-Steppe in
order to separate clones with improved eco-
nomic and biological properties is relevant
and promising for the most favorable for the
apple tree area [12].

The aim of the research. Based on a compre-
hensive study of growth characteristics, de-
velopment, fruiting and quality of the fruits
of spontaneous mutants of the apple tree
(Malus domestica Borkh.) of ‘Jonagold’ vari-
ety, select plants that differ from the original
variety in tree growth strength and superior
in yield, marketability, fruits keeping quality
and economic efficiency of production of the
latter.

Materials and methods

During 2012-2018 in the state apple trees
variety testing plantings, which were laid in
spring 2007 at the Podolsk experimental hor-
ticulture station of the Institute of Horticul-
ture of the National Academy of Sciences of
Ukraine (Podillia RSH of IH of the NAAS of
Ukraine) (Vinnytsia district, Vinnytsia re-
gion), 20 spontaneous mutants (clones) of
‘Jonagold’ variety of Ukrainian breeding were
studied. They were seperated during 2003—
2006 in the industrial planting ‘Jonagold’ of
the above station by scientific employees A. P.
Dovbysh, A. A. Mukharskyi, A. Yu. Borodai.

One-year-old seedlings of ‘Jonagold’ variety
clones, as well as ‘Idared’ (control), ‘Jonagold’
(conditional control) on the MM.10 rootstock
were planted according to the 4.5 x 1.5 m pat-
tern. The crown of the trees was shaped like a
slender spindle. Plants were non-irrigated.
The research site soil was dark gray forest
podzolic, sandy loam.

The laying and conducting of experiments,
the main counts and observations were carried
out according to the Method of the State Regis-
ter of Plant Varieties, suitable for distribu-
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tion in Ukraine (fruit, berry, nut-bearing,
subtropical, grapes and mulberry) [13] and
the Program and method of varietal study of
fruit, berry and nut-bearing crops [14].

The harvesting maturity of fruits was de-
termined by Iodine Test for Starch, the pulp
density was measured with an FT 327 pene-
trometer with a probe diameter of 11 mm. The
marketability of the fruits was evaluated ac-
cording to the requirements of State standard
GOST EEK 00H FFV-50: 2007 [15] and State
standard GSTU 01.1-37-59 2004 [16].

Statistical analysis of the measurement re-
sults was carried out by the methods of B. A.
Dospekhov [17] using the computer data pro-
cessing program “AGROSTAT” [18, 14]. Me-
teorological conditions were characterized ac-
cording to the data of the Davis 6152 EU
weather station, located in the plantings of
the apple tree at the Podillia RSH of IH of the
NAAS of Ukraine.

The climate of the research region is tempe-
rate continental. The average long-term amount
of precipitation is 595.4 mm, of which about
70% occur during vegetation season. The avera-
ge annual air temperature is 9.2 °C. During the
study period, the average annual precipitation
was 591.8 mm; the lowest (395 mm)
was recorded in 2015, the highest (734 mm) —
in 2013. The sum of active temperatures
(10 °C and higher) ranged from 3091 °C (2014)
to 3317 °C (2015). Winter period 2011-2012
was the coldest for the entire period of the
study, the absolute minimum was -30.2 °C (II
decade of February 2012).

Results and discussion

Phenological observations showed that the
plants of the spontaneous ‘Jonagold’ clones be-
gan to grow on 5.04 = 5 days. One day later than
the ‘Jonagold’ variety, the timing of this phase
was noted for clones DP-4, DP-5, DP-6, DP-10,
DP-12, DP-13, DP-14, DP-19 and DP-20.

‘Jonagold’ clones differed among them-
selves in terms of the beginning of flowering.
‘Idared’ trees (27.04 = 3) (c.) and GP 12 (28.04
* 3) began to bloom first, DP-19 and DP-20
were the last (3 = 2 days later than the origi-
nal variety). Flowering of the trees of the re-
maining clones and the control variety ‘Jona-
gold’ took place on average time frame (30.04
=+ 2). Analysis of the data on the timing of the
beginning of flowering revealed that 90% of
the ‘Jonagold’ clones entered this phase at the
end of the third decade of April with the sum
of active temperatures 267 = 14 °C.

All spontaneous clones had a long and very
long flowering period. The first group inclu-
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ded DP-1, DP-6, DP-7, DP-13, DP-17, DP-19
and DP-20. The plants of the remaining clones
and in control varieties ‘Idared’ and ‘Jona-
gold’ the longest flowering period (12 += 2
days) was recorded. Over the entire period of
research, plants of domestic clones bloomed
with an average intensity of 4.2—6.0 points.
Moreover, DP-2 and DP-13 clones were charac-
terized by the most generous flowering (6.0
points). The trees of the original ‘Jonagold’
variety bloomed by 6.9 points, and the control
variety ‘Idared’ — by 6.6 points. Fruit setting
on clone trees was 14-26% and was slightly
different from ‘Jonagold’ and ‘Idared’.

The growth of shoots during the entire pe-
riod of the evaluation of the clones passed in
a single wave; its end was observed during the
first ten days of August (6.08 = 6—10.08 = 6).
Two waves of growth were noted only in 2014,
the end of the second one was in the first deca-
de of October. In all studied clones, the period
from the beginning of formation to the har-
vesting ripeness of the fruits was 126 = 1 days
with the sum of active temperatures 2729 =+
116 °C. Using Iodine Test for Starch, it was
found that the harvesting ripeness of fruits of
spontaneous clones occurred in the second and
third decades of September with the difference
between clones of 7 days (Fig. 1).

Apples of DP-4, DP-12 and DP-14 clones
reached harvesting maturity first (10.09 = 5),
and DP-20 (22.09 = 5) — the last; in the ‘Jona-
gold’ variety, this phase came on 13.09 =+ 4.
Thus, the harvesting maturity of fruits of the
first group clones occurred at a lower sum of
active temperatures than in ‘Jonagold’. DP-20
apples completed the growth and accumulation
of nutrients later than all the studied clones.

In the conditions of the Western Forest-
Steppe of Ukraine, the vegetation period of
plants of all the studied clones and the control
variety ‘Jonagold’ was 216 = 4-219 = 6 days;
the longest (222 += 7 days) it was in the trees
of control variety ‘Idared’.

Under the same conditions of plant forma-
tion, pruning and growth restriction, the
height difference of ‘Jonagold’ clone trees was
significant. For the fourth year of growth in
the garden, clones DP-5, DP-9, DP-13, DP-14
and DP-19 stood out for the lowest height of
trees, DP-7, DP-8, DP-12 were the highest. At
eight years of age, spontaneous clones DP-4,
DP-5, DP-9, DP-10, DP-13, DP-14, DP-17 and
the control variety ‘Idared’ (Table 1) were the
smallest trees in height. In other clones, as in
the control variety ‘Jonagold’, the height of
the trees exceeded 4 m. Clones DP-1, DP-9,
DP-13, DP-14, DP-16, DP-19 and the control
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Fig. 1. The difference in the onset of harvesting maturity of the fruits of the ‘Jonagold’ clones and control varieties,
determined using Iodine Test for Starch (04-23.09.2015)
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variety ‘Jonagold’ were characterized by in-
tense growth of trees in height in the first
four to eight years after the laying of the
garden. According to the classification of
trees according to size, clones DP-4, DP-5,
DP-9, DP-10, DP-13, DP-14 and DP-17 be-
longed to the middle-grown. The rest of the
studied clones and the original variety were
strongly grown.

The smallest width of the crown at the age
of four had the trees of clones DP-2, DP-5 and
DP-20, and the largest — DP-1, DP-8, DP-12

(Table 1). During this period, the plants of all
clones took control of the space allocated to
them in a row according to the planting scheme.
The diameter of the crown of eight-year-old
spontaneous clone trees was 2.0—2.5 m (close
to the level of control varieties) and 0.5-1.0 m
greater than the distance allocated for trees.
The maximum width of the crown during this
period was characterized by plants of clones
DP-3, DP-6, DP-12, DP-15, DP-17, and the
most compact was in DP-10, DP-13 (at the
level of the control variety ‘Idared’).

Table 1

Parameters of four and eight-year-old trees of the ‘Jonagold’ clones under study
(2007 planting, MM.10 rootstock, planting pattern 4.5 x 1.5 m)
the Podillia RSH of IH of the NAAS of Ukraine

Height of trees, m Crown diameter, m Cross-sectional arzea
. of the stem, cm
Veriety, clone 4 8 along row across row 2011 2015
y-0- Y0 011 | 2015 | 2011 | 2015

‘Tdared’(c.) 3.38 3.86 1.8 2.0 1.6 1.9 15.3 34.4
‘Jonagold’ (c.c.) | 3.74 4.70 2.0 2.3 1.8 2.4 23.5 42.5
DP-2 3.82 4.40 1.6 2.4 1.5 2.3 15.6 55.0
DP-4 3.70 3.80 1.9 2.2 1.6 2.1 16.7 40.7
DP-5 2.78 3.34 1.7 2.4 1.5 2.3 16.0 27.9
DP-6 3.68 4.08 1.9 2.6 1.8 2.4 21.8 50.0
DP-7 4.52 4.04 1.8 2.2 1.7 2.5 19.7 57.6
DP-8 4.14 4.16 2.1 2.3 1.8 2.7 21.9 56.1
DP-9 3.08 3.88 1.9 2.2 1.9 1.9 20.3 35.9
DP-10 3.92 3.91 1.8 2.1 1.7 2.3 19.0 58.7
DP-12 4.14 4.46 2.1 2.6 1.8 2.5 20.2 60.5
DP-13 2.98 3.96 1.9 1.9 1.6 2.4 18.2 23.1
DP-14 2.90 3.64 1.9 2.3 1.7 2.1 16.8 24.5
DP-15 4.00 4.16 1.9 2.5 1.8 2.1 23.5 58.7
DP-17 3.84 3.68 1.9 2.5 1.9 2.5 20.9 47.6
DP-18 3.38 4.02 1.9 2.3 1.7 2.1 24.1 42.6
DP-19 3.02 4.12 1.9 2.4 1.9 2.1 19.7 50.2
DP-20 3.88 4.14 1.7 2.3 1.6 2.5 24.1 64.1
LSD, . 0.500 0.390 0.38 | 0.30 | 0.29 | 0.28 | F.<F, 3.76

The growth rate of fruit trees is objectively
characterized by the stem cross-sectional area
(SCSA) [19, 20]. At the age of four, this indi-
cator showed no significant difference be-
tween the plants of the original variety and
the studied clones (Table 1). The eight-year-
old trees of clones DP-5, DP-9, DP-13, DP-14
and the control variety ‘Idared’ had the smal-
lest cross-sectional area of the stem; it was
significantly higher in DP-1, DP-2, DP-3, DP-6,
DP-7, DP-8, DP-10, DP-11, DP-12, DP-15,
DP-16, DP-17, DP-19, DP-20. Intensive in-
crease in the cross-sectional area of the stem
over a period of four to eight years was charac-
teristic for clones DP-3, DP-6, DP-16, DP-18,
DP-19, DP-20, and the least intensive it was
in DP-5, DP-9, DP-13 DP-14, DP-18 and the
control varieties ‘Idared’ and ‘Jonagold’ (Tab-
le 1). So, according to a set of growth indica-
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tors, clones DP-4, DP-5, DP-9, DP-10, DP-13,
DP-14 and DP-17 belong to the group of mid-
dle-grown. The remaining clones and control
varieties were characterized by strong tree
growth.

On the trees of the studied clones spurs
(59-72%) dominated among the fruit forma-
tions, spears accounted for 11-22%, fruit
twigs — 15—23%. According to the classifica-
tion of varieties by type of fruiting [21], all
the studied clones belong to the third group;
their trees were characterized by a mixed type
of fruiting, as well as the control varieties.

Trees of the most clones, as well as the origi-
nal variety, were characterized by average
awakening of the buds. Only in DP-13 trees it
was high. High shoot-forming ability is inhe-
rent in the trees of all clones, except for DP-12,
DP-19 (medium) and DP-17 (weak). Plants of
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all studied clones had a rounded crown. Its den-
sity depended on the clone; trees of DP-1, DP-5,
DP-7, DP-8, DP-9, DP-16, DP-17, DP-18 and
DP-19 formed a thick crown, and the remain-
ing clones had moderately thickened one.

Our studies have shown that the crowns of
four-year-old trees take full control of the space
determined by the planting scheme. Branches
of eight-year trees of DP-1, DP-2, DP-3, DP-5,
DP-6, DP-12, DP-15, DP-16, DP-17 and
DP-19 clones reached 2.4-2.6 m, that is, they
went beyond the allocated distance in a row of
0.9-1.1 m and intertwined with each other.
To keep their crowns within the 4.5 x 1.5 m
scheme (on the MM.106 rootstock), a strong
pruning should be carried out annually. Since
cultivation of such a garden requires at least
15 years, it will become increasingly difficult
to keep the trees in the allocated space every

year. Therefore, the layout of ‘Jonagold’ clone
trees needs to be adjusted. In our opinion, it
is advisable to consider 4.5 x 2.0 m
(1111 trees/ha) as the appropriate arrange-
ment of trees of all clones on MM.106 root-
stock instead of the initial 4.5 x 1.5 m.

The average yield of five to ten-year-old
plantations of domestic clones on MM.106
rootstock was 12.2-22.2 t/ha (Table 2). The
highest yield was reached by all spontaneous
clones at the age of eight (21.7-32.3 t/ha) and
ten (23.6—31.2 t/ha) years, except DP-20. In
the eighth year of growth in the garden only
trees of DP-1 clone had a significantly higher
yield than ‘Jonagold’. In the ten-year garden,
the yield of clones was at the level of the origi-
nal ‘Jonagold’ variety. The total yield (133.9—
142.0 t/ha) of clones DP-1, DP-18 and DP-19
was higher than that of ‘Jonagold’ (2011-2017).

Table 2

The yield of ‘Jonagold’ clones (2007, planting, 4.5 x 1.5 m, MM.106 rootstock),
Podillia RSH of IH of the NAAS of Ukraine, 2011-2017

Variety, clone Yield (t/ha) by years
’ 2011 2012 2013 2014 2015 2016 2017 average during 2012-2017
‘Tdared’ (c.) 11.9 22.1 22.8 10.7 19.9 23.0 21.3 20.0
‘Jonagold’ (c. c.) 10.6 17.2 25.8 9.3 20.6 | 11.4 | 28.6 18.8
DP-1 10.4 26.4 16.2 10.5 32.3 11.6 26.5 20.6
DP-2 8.0 13.0 14.1 4.9 23.5 8.0 27.5 15.2
DP-3 10.1 20.1 19.5 7.2 28.2 7.0 26.4 18.1
DP-4 10.2 20.9 14.4 12.1 24.9 14.9 25.1 18.7
DP-5 12.1 15.6 14.2 8.1 21.9 10.6 28.1 16.4
DP-6 11.0 21.6 21.8 7.6 23.4 9.0 24.6 18.0
DP-7 11.3 20.5 18.6 7.8 22.8 13.8 31.2 19.1
DP-8 16.9 18.0 10.7 6.2 25.4 8.7 30.8 16.6
DP-13 9.7 16.8 16.1 9.8 24.1 12.7 25.0 17.4
DP-15 10.3 21.6 20.2 5.6 29.5 11.4 25.4 19.0
DP-17 9.1 21.5 20.0 11.1 27.4 8.9 28.0 19.5
DP-19 8.5 23.1 19.9 8.4 29.7 22.7 29.7 22.2
DP-20 8.3 12.1 8.1 2.2 16.8 21.2 12.9 12.2
LSD, s F<F,. | F<F, | 9.37 8.29 9.24 7.04 9.69 -

It was revealed that all clones formed fruits
larger than the average size, except for DP-20
(large). In clones DP-2, DP-4, DP-5, DP-7,
DP-9, DP-10, DP-11, DP-13, DP-14, apples did
not differ significantly in weight from the origi-
nal variety. In the remaining clones — DP-1,
DP-3, DP-6, DP-8, DP-12, DP-15, DP-16,
DP-17, DP-18, DP-19 and DP-20 they were
large. Most spontaneous clones did not differ
from each other in the transverse diameter of
the fruit; the difference was within the ex-
perimental error. The exception was clones
DP-1, DP-8, DP-15, DP-17 and DP-20; their
apples were larger in diameter than those of
the original cultivar.

Over the entire period of research, the trees
of DP-1, DP-3, DP-17, DP-18 and DP-19
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clones formed the largest number of apples of
the highest and first grade (41-55%), which
significantly exceeds the control options. Most
of the fruits of the second grade were found
on plants of DP-2, DP-12, DP-15, DP-16
clones. The smallest number (18-19% ) of non-
standard fruits was noted on the trees of DP-17
and DP-15 clones, the largest (37-39%) in
DP-2, DP-7 and ‘Idared’ variety. Apples of all
the studied clones were beautiful, medium and
above average sizes, medium uniformity, regu-
lar shape with a smooth surface, covered with
medium and small green subskin specks and
brown spots [3]. However, the fruits were
most attractive in DP-3, DP-8, DP-17, DP-18
and DP-20 clones due to the bright integu-
ment color (Figs. 2 and 3). The latter differed
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in the intensity and nature of the coat color.
In apples of DP-3 and DP-8 clones were dark
red, blurred blush covered 3/5 of the surface,
DP-18 almost the entire surface. The fruits of
clone DP-17 were covered dark red, blurry
dotted with a dash blush over the entire sur-
face. DP-20 clone did not belong to any of the
given groups, since its apples had only the
main light green color; peel coloration was

Fig. 2. Appearance of the fruits of clones DP-3, DP-20 and DP-9 (from left to right, 2015)

o «

absent. For most clones, the nature of the peel
coloration turned out to be a constant sign,
and its intensity depended on the sum of ac-
tive temperatures of 10 °C and higher, which
developed over the period of harvesting ripe-
ness of the fruits, as well as on the presence
of significant (13.4-22.0 °C) night differen-
ces and daily air temperatures in the last 2—3
weeks before harvesting.

. 7 &

Fruits of Ukrainian clones differed in
pulp density: in DP-20 and DP-2, the pulp
is dense both in the state of harvesting ma-
turity (9.5 and 8.9 kg/cm?) and in the period
of commercial maturity (5.4 and 4.6 kg/cm?).
For ‘Jonagold’ fruits, this indicator was 8.1 and
4.1 kg/cm?, respectively. The lowest density of
pulp was found for DP-6 (7.6 kg/cm? -
harvesting maturity) and DP-15
and DP-8 (3.8 kg/cm? — commercial ma-
turity).
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In conditions of artificial cold (air tempera-
ture 2...8 °C, relative air humidity 85-90%)
clones DP-10, DP-18, DP-4, DP-6, DP-11, DP-14
and DP-15 which crop was formed in the years
with sufficient precipitation and high air tem-
peratures during the summer were distin-
guished by high keeping quality of fruit (187
+ 20-198 = 10 days).

Determining the timing of the onset and du-
ration of consumer ripeness and the keeping
quality of fruits allowed dividing the studied
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clones into three groups according to the matu-
ration period. DP-12, DP-13 were classified as
the early winter group, DP-1, DP-2, DP-3, DP-5,

DP-7, DP-8, DP-16, DP-17, DP-19, DP-20 — as
winter, and DP-4, DP-6, DP-9, DP-10, DP-11,
DP-14, DP-15, DP-8 — as late winter group.

Table 3

The economic efficiency of ‘Jonagold’ clones cultivation (2007 planting, 4.5 x 1.5 m, MM.106 rootstock),
Podillia RSH of IH of the NAAS of Ukraine

Variety, clone

Indicators Id(i";d J"(rc‘f‘gf’)ld DP-1 | DP-14 | DP-15 | DP-17 | DP-18 | DP-19
Yield, t/ha (average for 2014-2017) 18.7 17.5 20.2 17.0 18.0 18.8 18.4 19.3
Output of fruits of the highest,
T and II grades, t/ha 12.7 12.6 15.8 12.2 14.9 16.2 13.4 16.0
Production costs per 1 ha of the garden,
thousand UAH 51.34 53.10 53.94 | 52.94 | 53.26 | 53.51 | 53.38 | 53.66
Sales price of 1 ton of fruit, thousand UAH 7.80 8.44 8.97 | 8.34 | 8.96 9.72 8.96 9.31
Revenue from the sale of fruits, thousand UAH/ha | 145.90 | 147.70 | 181.09 | 141.70 | 161.21 | 182.79 | 164.79 | 179.64
Profit from 1 ha, thousand UAH 94.56 94.60 |127.15| 88.76 |107.95 |129.28 | 111.41 | 125.98
Cost of 1 ton of fruit, thousand UAH 2.68 2.88 2.45 2.98 2.79 2.66 2.72 2.58
Profitability level, % 184 178 235 168 203 242 209 235
Payback period of capital investments, year 3.2 3.2 2.9 2.2 3.0 2.9 3.0 2.9

The highest nomic efficien f appl
e highest economic efficiency of apple References

production was achieved when growing trees
of DP-17 clone (Table 3). One hectare of 7 to
10-year plantations, with an annual average
yield of 18.8 t/ha, provided a profit of 129.28
thousand UAH, the level of profitability of
apples production was 242% (Table 3). Plan-
tations of spontaneous clones DP-4, DP-19,
DP-1 also had a high level of profitability of
apple production. In general, the cultivation
of 60% of spontaneous clones provided 8—64%
higher profitability of fruit production than
the original variety. The shortest payback pe-
riod of capital investments for planting is
characteristic of the DP-14 clone due to its
high early maturity.

Conclusions

Our studies have shown that the biological
properties of plants of the Ukrainian ‘Jona-
gold’ clones correspond to the climatic condi-
tions of the Western Forest-Steppe of Ukraine.
According to the growth power of trees, clones
DP-4, DP-5, DP-9, DP-10, DP-13, DP-14 and
DP-17 belonged to the medium-sized group, for
which a mixed type of fruiting is characteristic.

Clones DP-1, DP-3, DP-17, DP-18 and DP-19
were distinguished by a high yield of fruits of
the highest and first grade. Clones DP-3, DP-8,
DP-13, DP-14, DP-16, DP-17, DP-18 and DP-20
were recognized as the best according to the main
indicators of fruit quality; the highest economic
efficiency of apple production in the Western
Forest-Steppe was provided by clones DP-14,
DP-17, DP-18 and DP-19, which we recom-
mend for introduction in this zone into planta-
tions for the production of universal fruits.
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MeTa. Ha ocHoBi BcebGiuHOro pocnigxeHHs 0cobnnBo-
CTell pocTy, PO3BUTKY, MNOAOHOWEHHA Ta AKOCTI MIOAIB
POCNMH CMOHTAHHUX MyTaHTiB A6nyHi (Malus domestica
Borkh.) copty ‘Jonagold” Buginutu Taki, wo BigpizHAOTbCA
BiZ BUXiZHOTO COPTY 33 CMJI0I0 POCTY fEpeB Ta NepeBaXatoTb
33 BpOXAMHICTIO, TOBAaPHUMW SKOCTAMM, NEXKICTIO nnopis
Ta EKOHOMiYHOW edeKTUBHICTIO BUPOBHULTBA OCTAHHIX.
Metogu. MMonbosuii, nabopaTopHUii, NOPIBHAHHA, y3aranb-
HEHHA Ta MaTeMaTu4yHOi cTaTucTuku. Pesynbratu. [logaHo
pe3ynLTaTi BUBYEHHS 0COGIMBOCTEN POCTY Ta NAOLOHOLEHHS
20 yKpaiHCbKMX CMOHTaHHMX KnoHiB copTy ‘Jonagold’ B ymo-
Bax 3axigHoro Jlicocteny YkpaiHu. BctaHoBneHo, Wwo pocinHm
LOCNigKYBaHUX KMOHIB 33 CTPOKaMu moyaTtky i TpuBanictio
OCHOBHUX (eHosoriyHMX (a3 i BereTauiliHoro nepiopy He
BiApi3HANMCL BiA GinblwocTi nowupeHux i nobpe agantosa-
HUX o ymoB [loginna coptis A6ayHi. 3HiManbHa CTUMICTb
NNOAiB y KNOHIB HacTaBana y Apyrin-TpeTiil ekagax BepecHs,
3 pi3Huuelo y cim ai6. lepesa Ginbwocti knoxis (AM-4, 4N-5,
An-9, An-10, AN-13, AN-14i AN-17) 6ynu cepeaHb0pocauMy.
YpoxaiHicTb N'ATU-BOCbMUPIYHUX HACAZKEHb KIIOHIB CTaHO-
BUTb 12,1-32,3 T/ra, o 3abe3neyye eKOHOMiYHO edeKTUBHE
Ky/bTUBYBaHHA B yMmoBax [loginns, piBeHb peHTabenbHoCTi
BUPOOHMUTBA CTAaHOBUTb 66—242%. YCi CNOHTAHHI MyTaHTH
dopmytoTb nnopm Ginbli 3a cepegHiit po3mip (kpim AI1-20,
BEJIUKI), KPAaCcWBi, OWATHi, fiKi, 3aN1eXKHO Bifl KNOHY, Pi3HATbCA
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33 THTEHCMBHICTIO Ta XapaKTepoM MOKPWUBHOIO 3abapBeH-
Ha. Knonw ON-1, AN-3, AN-17, AN-18 i AM-19 sia3Havanuce
HanWBiNbWMUM BUXOAOM A6AYK BULLOTO TA NEPLIOTO FaTyHKY i 3a
i€l BNACTMBICTIO 3HAYHO MEPEBULLUAM KOHTPOILHUIA COPT.
BunpoboByBaHi KNOHW NOAINEHO HA TPU TPYNM 33 CTPOKAMM
JOCTUraHHA NAoAiB: PaHHLO3MMOBi, 3MMOBI, Mi3HbLO3UMOBI.
BucHoBKU. baratopiyHe ouiHiOBaHHsA 006'€KTiB [OCNiAKEHHS
LO3BONIMNO BCTAHOBWUTM, WO GionoriyHi BnacTmeocti poc-
NUH  yKpaiHCcbKux knoHie copTy ‘Jonagold’ BignosigatoTb
knimatuyHum ymosam 3axigHoro Jlicocteny Ykpainu. 3a cu-
N0K0 POCTY AepeB GinbWicTb i3 HUX Hanexatb [0 rpynu cepeg-
Hbopocnux (ON-4, AN-5, An-9, AN-10, AN-13, AN-141i AN-17)
i XapaKTepu3yloTbCsA MillaHUM TUNOM NAOAOHOWEHHSA. KnoHu
an-1, An-3, An-17, AN-18 i AN-19 suginsaoTbcs BUCOKUM
BWUXOZOM NMJIOAIB BULOTO Ta NEPLIOr0 IaTyHKY. 3a OCHOBHUMMU
NOKa3HWUKAMMW AKOCTi MIOAIB KpaLMMuU BU3HAHO KioHK [AM1-3,
An-8, An-13, An-14, on-1e, an-17, 4N-18 i in-20; Haisuuy
€KOHOMiYyHy eeKTUBHiCTb BUpPOOHMLTBA A6NYK Ha MMopainni 3a-
6e3neuytoTb knowu AM-14, AN-17, 4N-18 i AM-19. OctaHHi pe-
KOMEH[J0BaHO N1 peecTpallii y [lep:aBHOMY peecTpi copTis
POC/IWH, K NEPCNeKTUBHI AN BNPOBAJKEHHSA Y HaCAAKEHHS
3 BUPO6HWLTBA NOAIB YHIBEPCANbHOMO MPU3HAYEHHSA Y 30Hi
3axigHoro Jlicocteny YkpaiHu.

Knroyvosi cnosa: s6yHs; copm; ‘Jonagold’; kioH; cuna poc-
my depes; mun na00OHOWEHHSA; AKICMb N10018; NeXKICMb.
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Lenb. Mo pe3ynbtataM BCECTOPOHHETO MCCNEAOBaHUS
0COGEHHOCTEN POCTa, Pa3BUTUSA, NNOAOHOWEHMSA U KauecTBa
MNOLOB PAaCTeHUN CMOHTAHHLIX MyTaHTOB A6noHW (Malus
domestica Borkh.) copta ‘Jonagold’ BbigennTs ominyaoLwm-
ecs OT UCXOLHOTO COPTa MO CUile POCTa fepeBbes, NPEBOC-
XOAALME NO YPOKANHOCTM, TOBAPHLIM KaueCTBaM, JIEXKOCTU
NI0OLOB M 3KOHOMUYECKOH 3(h(EeKTUBHOCTU NMPOM3BOACTBA
nocneaHux. Meropapl. Nonesoi, NabOPATOPHEIiA, CPABHEHMS,
0006LWeHNs M MaTemaTuyecKoil ctatuctuku. Pesynbratbl.
MpepcTaBneHbl pe3ynbtatbl U3yyeHUs 0cOOeHHOCTel poc-
Ta W NnojoHoweHUs 20 YKPaMHCKUX CMOHTAHHBIX KIOHOB
copta ‘Jonagold’ B ycnoBusx 3anagHoit Jlecoctenu YkpauHbl.
OnpepneneHo, YTO pacTeHNs UCCNELYEMbIX KIIOHOB MO CPOKAM
Hayana v NPOAOJIKUTENLHOCTU OCHOBHBIX (HEHONOrMYECKUX
a3 1 BereTauMOHHOrO nepuoja He OTAMYaNUCb OT 6Osb-
WIMHCTBA PACNpPOCTPAHEHHBIX M XOPOWO aAanTUPOBAHHbIX
K ycnoeusm [Mogonbs copToB s6noHU. CbeMHas 3penocTb
NA0J0B Yy KNOHOB HAcTynaja BO BTOPOii-TpeTbell Aekapax
CeHTA6PSA, C pasHULeil B ceMb CyTOK. [lepeBbs 6ONbLWMHCTBA
knoHos (AN-4, AN-5, An-9, An-1o, An-13, AN-14 v AN-17)
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OblM CpefHepoCabIMUA. YPOXKaAAHOCTb NATU-BOCBMUNETHUX
HaCaXfeHWit KNOHOB cocTaBnana 12,1-32,3 1/ra, uto obec-
neynmBano 3KOHOMMYeCcKU 3DPeKTUBHOE KyNbTUBMPOBaHUE
B ycnosuax [logonbs, ypoBeHb peHTabenbHOCTU Npous-
BOACTBAa cOCTaBAAN 66—242%. Bce cnoHTaHHble MyTaHThI
copmupoBanu NNOAbI Bblle CpeAHero pasmepa (Kpome
[N-20, 6onblune), KpacuBble, HapALHbIE, KOTOPbIE, B 3aBM-
CUMOCTU OT KJIOH3, pa3Nnyanucb N0 MHTEHCUMBHOCTU U Xa-
paKkTepy nokpoBHoW okpacku. Knowwsl AM-1, AM-3, AN-17,
AN-18 u AMN-19 oTnuyanuch cambiM OONbLWIMM BbIXO40M
A0/10K BbICWEr0 M NEpBOr0 TOBApHOrO COpPTa U MO 3TOMY
CBOWCTBY 3HAYMTENIbHO MPEBOCXOAUAN KOHTPOSIbHLIA COPT.
NcnbiTaHHbIE KNOHBI pa3fenieHbl Ha TpU rpynnbl N0 CPoKaM
CO3peBaHMA NNOJOB: paHHE3UMHUE, 3UMHUE, NO3JHE3UMHUE.
BbiBoAbl. MHOroneTHsAs oueHKa 0OGBLEKTOB MCCNeAOBaHUSA
no3BOJKMNA YCTAHOBUTb, YTO GUONOTrMYECKNe CBOWCTBA pac-
TEHWIH YKpauHCKUX knoHoB copTa ‘Jonagold’ cootseTcTByIOT
KNnuMatnyeckum ycnosuam 3anagHoi Jlecoctenu YkpauHbl.
Mo cune pocta fepeBbeB GONbWMWHCTBO U3 HUX OTHOCATCA
K rpynne cpepHepocnbix (AMN-4, AN-5, AN-9, An-10, An-13,
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IN-14 v ON-17) n xapakTepu3oBanucb CMEWAHHbIM TUMOM
nnogoHoweHus. Knonsl AN-1, AN-3, AN-17, AN-18 n AN-19
BbIAENANNCL BLICOKMM BbIXOJOM MOJO0B BbICWIErO U NepBo-
ro ToBapHoro coptoB. 10 0OCHOBHbIM NOKa3aTeNsM KayecTea
NAOLOB JyylWwWMK npusHaHel knousl [A-3, AN-8, AM-13,
On-14, onN-1e6, An-17, AN-18 u AN-20; Haubonee BbICOKYIO
3KOHOMMYecKylo 3theKTUBHOCTb NPOM3BOACTBA A6J0K Ha
Nogonbe obecneymBanu knouol AN-14, ON-17, ON-18 u
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0N-19. MocnegHve pekomeHfoBaHbl Ans perucrpauum B lo-
CYAAPCTBEHHOM peecTpe COPTOB PacTeHMWii, NPUTOAHLIX ANs
BbIpAlUMBaHUA B YKpauHe, KaK NepcnekTUBHbIE ONA BHefpe-
HWUS B HAaCaXAEeHWUA NO NPOU3BOACTBY NIOLOB YHUBEPCANbHO-
ro Ha3HayeHua B 30He 3anagHoii Jlecoctenu YkpauHbl.

Knrouessie cnosa: s6nou1s; copm; ‘Jonagold’; knoH; cuna
pocma Oepesbes; mun na000HOWeEHUs; Ka4yecmso nio0os;
JIeKKOCMb.
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