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Abstract. Apple was one of the leading fruit crops worldwide, ranking third in production volumes
after bananas and watermelons, and the continuously increasing demand for apples determined
the need to improve cultivars with high productivity and adaptability. The aim of the study was to
evaluate apple cultivars in terms of ecological plasticity in order to identify promising genotypes
for breeding programmes. The results of cultivar testing of apple of Ukrainian and foreign breeding
(orchard established in 2017, planting scheme 2.5 x 4.5 m, rootstock MM106) were presented based
on yield and average fruit weight. Five apple cultivars (Free Gold’, Juliet, ‘Luna; ‘Red Topaz, ‘Rosela’)
selected from 27 introduced genotypes tested during 2021-2024 were evaluated. The highest values
of environmental indices, both for apple yield and fruit weight, were recorded in 2023 and amounted
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to 1.80 and 6.15, respectively. The lowest environmental indices were observed in 2022 and 2024,
when the average yields were 0.28 and 1.3 t hal, respectively. This analysis demonstrated the strong
influence of annual climatic fluctuations on cultivar productivity and emphasised the need to consider
genotype adaptability in breeding programmes. Based on mathematical processing of yield and average
fruit weight data, regression equations and ecological plasticity indices were derived. It was established
that, in terms of fruit yield, the cultivars ‘Rosela’ and ‘Juliet’ belonged to the intensive type and were
characterised by high sensitivity to changes in environmental conditions, with regression coefficients
of 2.743 and 0.921, respectively. For average fruit weight, a high level of ecological plasticity was
demonstrated by the cultivars ‘Rosela, ‘Luna; and ‘Free Gold, whereas ‘Juliet’ belonged to the neutral
type.Assessment of ecological stability showed that, for yield, Free Gold’,'Luna’and ‘Red Topaz’ were the
most stable cultivars. The cultivar Juliet’ was relatively stable, although it did not exhibit a high yield
level. The highest average yield over the years was recorded for ‘Rosela’, which was simultaneously the
least stable. For average fruit weight, ‘Free Gold’ and ‘Luna’ proved to be stable cultivars

Keywords: yield; fruit weight; attractiveness; flavour quality; adaptability parameters; environmental index

Introduction

Apple (Malus domestica Borkh.) was one of the
most important fruit crops worldwide and a key
component of horticulture in Ukraine. The high
nutritional value of the fruits, versatility of use,
long period of productive fruiting, and stable mar-
ket demand ensured the strategic importance of
apple orchards for the economy of the agricultural
sector. Ukrainian orchards traditionally cultivated
apple as a major industrial and food crop, which
was an important factor in ensuring food security
and the development of the processing industry.

Under current conditions of global climate
change, fruit crop production was subjected to
significant challenges. Increases in average an-
nual temperatures, the occurrence of abnormal
temperature fluctuations in spring and autumn,
uneven distribution of precipitation, and the
growing frequency of extreme weather events
directly affected the structure of the apple veg-
etation cycle, pollination efficiency, fruit set for-
mation, and fruit growth. M. Deori et al. (2024)
considered that these factors had a substantial
impact on fruit productivity and quality, which
was manifested in pronounced interannual vari-
ability of yield even in well-established cultivars.
In this context, understanding the mechanisms
of adaptive responses of cultivars to changing

environmental conditions and their ability to
maintain productivity under variable conditions
was of particular importance.

According to R.E.Sestras & A.F.Sestras (2023),
adaptability parameters, in particular ecological
plasticity and stability of productive traits, were
regarded as key characteristics determining the
suitability of a cultivar for cultivation under spe-
cific geographical and climatic conditions. Plas-
ticity defined the ability of a cultivar to change
the level of expression of economically important
traits in response to variations in environmental
conditions, whereas stability reflected the varia-
bility of these traits across different growing years.
High plasticity could be desirable under favoura-
ble conditions, as it allowed the maximum reali-
sation of potential productivity. At the same time,
Llow stability could lead to substantial fluctuations
in yield, which was undesirable for predictable
production. Conversely, excessively stable culti-
vars could be less responsive and fail to exploit
their productive potential in favourable years
(Kryvoshapka et al., 2020).

In their study, X. Li et al. (2023) demonstrat-
ed that a range of mathematical approaches was
applied to assess plasticity and stability, includ-
ing regression analysis, environmental indices,
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variation parameters, and other statistical meth-
ods. These approaches allowed an objective eval-
uation of cultivar response types to changing
environmental conditions, the identification of
genotypes with high adaptability, and the predic-
tion of their performance under climatic uncer-
tainty. In modern fruit crop breeding, comprehen-
sive assessment based on such parameters was
an important component in the selection of gen-
otypes for commercial cultivation. Podillia repre-
sented an area characterised by high variability
of hydrothermal conditions during the growing
season. |.S. Sadovskyi & V.M. Matsievskyi (2023)
demonstrated that weather conditions within a
single year could vary from favourable for the for-
mation of generative organs to stressful, creating
serious challenges for the adaptability of apple
cultivars. Under such conditions, intensive culti-
vars could exhibit unpredictable changes in yield,
which emphasised the need for regional evalua-
tion of cultivars based on adaptability parameters.

Although numerous cultivars of foreign
breeding were being introduced in Ukraine, reli-
able data on their plasticity and stability under
the conditions of Podillia remained insufficient or
fragmented. The study by G. Locatelli et al. (2022)
focused mainly on absolute indicators of yield,
fruit weight, or product quality, without a com-
prehensive analysis of the adaptive responses
of cultivars to changes in growing conditions.
Such limitations in scientific information re-
stricted the possibilities for forming an optimal
cultivar assortment for intensive horticulture,
especially in the context of increasing climat-
ic risks. Ukrainian researchers K.P. Tarnavska &
T.M. Kovalenko (2022) emphasised the need for
multi-year evaluation of apple cultivars based
on adaptability parameters, including ecological
plasticity and productivity stability. This approach
made it possible not only to identify the most
promising cultivars for specific conditions but
also to establish a foundation for breeding pro-
grammes aimed at developing genotypes with an
optimal combination of productivity, fruit quality,
and adaptive reliability. The practical significance

of their research lay in the ability to recommend
specific cultivars for commercial cultivation un-
der conditions of variable abiotic factors, which
had a positive effect on production stability and
the economic efficiency of horticulture.

Thus, the study of plasticity and stability of
quantitative productivity traits of apple cultivars
under the conditions of Podillia was a scientifical-
ly substantiated and practically important task. It
allowed the integration of phenotypic evaluation
results with regional environmental conditions,
ensured breeding-relevant selection of cultivars,
and enabled the development of recommenda-
tions for optimising the cultivar assortment for
intensive apple cultivation under conditions of a
changing climate.

The aim of the study was to evaluate the
plasticity and stability of productivity and fruit
weight of apple cultivars and to identify valua-
ble genotypes among them as source material
for breeding for adaptability, as well as cultivars
promising for intensive orchards.

Materials and Methods
The experimental part of the study on ecological
parameters of apple productivity was conducted
in the research orchard of the Department of Cul-
tivar Testing and Technologies of Fruit and Ber-
ry Crop Cultivation of the Podillia Horticultural
Research Station of the Institute of Horticulture
of the National Academy of Agrarian Sciences
(NAAS) of Ukraine, located in Vinnytsia District,
Vinnytsia Region, during 2021-2024. The territory
of the experimental plots of the Podillia Horticul-
tural Research Station belonged to the Dniester
Upland and the second geomorphological region
of the Zhmerynka Upland, which resulted in the
formation of grey podzolised medium loamy soils.
The soil cover of the experimental plots was rep-
resented by grey forest heavy loamy soil. Accord-
ing to agrochemical analyses, the humus content
was low, amounting to 2.1% (Tyurin method),
while the content of easily hydrolysable nitrogen
ranged from 3.4 to 5.4 mg eq. per 100 g of soil
(Cornfield method). A pronounced deficiency of
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potassium was observed, with its content in the
humus-eluvial horizon reaching only 12-14 mg
eq. per 100 g of soil. The content of available
phosphorus was at a medium level, amounting to
10-12 mg eq. per 100 g of soil. The depth of the
humus-eluvial horizon did not exceed 25-30 cm,
with a sharp transition to the illuvial horizon. The
soil colour was grey, and a morphologically dis-
tinct eluvial horizon was absent, which was con-
sidered the main diagnostic feature. The plough
layer was loose, with a bulk density of 1.32 g cm-
3, whereas the subsoil layer was compacted and
granular. The transitional horizon occurred at a
depth of 42-70 cm; it was weakly illuvial, almost
devoid of humus, brownish-grey in colour, com-
pacted, and nut-shaped in structure. Overall, the
physicochemical properties of the soil at the ex-
perimental site were typical of those found across
large areas of Podillia. Despite certain limitations
of grey forest soils, they were suitable for the cul-
tivation of perennial fruit plantations.

The territory where the experimental field
was located was characterised by a mild temper-
ate continental climate according to agroclimat-
ic indicators. Winters were prolonged but mild,
while summers were warm. During the years of
the study, weather conditions in the region were
unstable, with dry years alternating with wetter
ones. The most favourable weather conditions
for apple yield formation during the study period
were observed in 2023. The hydrothermal condi-
tions in that year, particularly during critical stag-
es of the growing season, were characterised by
moderate precipitation. In April, 81.9 mm of pre-
cipitation was recorded, which was sufficient for
the formation of generative organs and the ini-
tial stage of fruit growth. Moisture supply in June
and July was fully satisfactory for the course of all
physiological processes in plants, amounting to
39.6 and 68.1 mm of precipitation, respectively.
The temperature regime during the tree grow-
ing season in 2023 was close to optimal for the
formation of high apple yields. The average daily
air temperatures in May, June, and July were 15.3,
19.6,and 21.4°C, respectively.

Tarnavska et al.

The least favourable weather conditions
were recorded in 2022 and 2024. The hydrother-
mal conditions of the growing season in these
years were specific and insufficiently favourable,
particularly during the stages of formation and
pollination of generative organs. In 2022, apple
flowering occurred under conditions of critical
soil moisture deficit during the first and sec-
ond ten-day periods of May. Precipitation in May
was recorded only in the third ten-day period,
amounting to 35.3 mm, which represented 50%
of the long-term average. The average daily air
temperature during this month was 15.4°C, cor-
responding to the norm, whereas the minimum
dropped to +2.0°C. Similar weather conditions
were observed in 2024. The average daily air
temperature in April exceeded the norm by 2.4°C
and amounted to 12.1°C, while the minimum
decreased to -1.2°C (20 April). In May, minimum
night-time temperatures dropped to +1.1°C. Such
weather conditions during the flowering period
had a significant effect on pollination of fruit tree
flowers and substantially reduced fruit set.

For the experiment, five apple cultivars were
selected from a total collection of 27 introduced
cultivars based on high indicators of marketable
fruit quality and organoleptic evaluation of taste
(Forster et al., 2021). The studied apple cultivars
were ‘Free Gold, Juliet, ‘Luna, ‘Red Topaz, and
‘Rosela’ The orchard was established in 2017
with a planting scheme of 2.5 x4.5 m on MM106
rootstock. Three replications were provided for
each cultivar. The trees were maintained accord-
ing to standard intensive horticulture technology,
including pruning, fertilisation, and protection
against pests and diseases (Delgado et al., 2021;
Chaploutskyi et al., 2024; Szpyrka et al., 2025). All
studies conducted at the Podillia Horticultural Re-
search Station of the Institute of Horticulture of
the NAAS of Ukraine complied with the require-
ments of the Convention on Biological Diversi-
ty (1992), which regulates the use of biological
resources and ensures biodiversity conservation.

For a comprehensive evaluation of the
cultivars, modern methods for determining the
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plasticity and stability of economically valuable
traits were applied:

» the environmental index (I), which was
determined as an indicator reflecting the devia-
tion of yield in a particular year from the mean
value across all years of observation (Mather &
Jinks, 1982; Kang, 1998);

» the regression coefficient (b), which in-
dicated the average response of a cultivar to
changes in environmental conditions, charac-
terised its plasticity, and allowed prediction of
changes in the studied trait within a range of
environmental conditions (b, < 0.75 - neutral
type; 0.75 < b, € 1.25 - moderately sensitive;
b,>1.25 - highly sensitive) (Yan & Kang, 2003;
Grando, 2020);

» stability variances (S,) and deviations from
the mean variance (52-52,..,.), Which allowed
the stability of yield and fruit weight traits to be
assessed independently of weather fluctuations
(Crossa et al., 2022).

Statistical data processing was performed
using MS Excel and Statistica 12, which corre-
sponded to modern methodological approaches
for regression and variation analysis (Crossa et
al., 1988; Yan & Kang, 2003). Regression line
graphs and stability histograms were constructed
to visually represent the behaviour of the culti-
vars under variable environmental conditions.

Results and Discussion

The average yield of the studied apple cultivars
over four years amounted to 1.73 t ha' (Table 1).
The most favourable year in terms of conditions
for yield formation was 2023, which was con-
firmed by the maximum environmental index
(1,023 = 1.80). In contrast, 2022 was characterised
by the poorest conditions (l,y,, = -1.45), which
resulted in a sharp decline in average yield to
0.28 t ha. Such fluctuations indicated a substan-
tial influence of weather factors on the realisa-
tion of the productive potential of the cultivars.

Table 1. Adaptability parameters of apple cultivars based on yield

- : : -

Cultivar 2021 ;:;;I;' tzr;)azs 2024 (23:?3%24) cl::?ggi's:'::nbi va?it:r?cl:ltl:,ysiz S-S verage
Free Gold | 0.8 | 0.1 | 1.5 | 1.7 1.03 0.343 0.5 3.1
Juliet 24 | 08 | 36 | 1.0 1.95 0.921 17 2.0
‘Luna’ 08 | 01| 22 | 12 1.08 0.610 0.8 2.9
‘RedTopaz | 2.5 | 03 | 1.5 | 0.8 128 0.383 0.9 2.8
‘Rosela | 25 | 01 | 88 | 18 3.30 2.743 14.5 108
Mean 180 | 0.28 | 3.52 | 1.30 173 1.00 37 0.0

E“"i'r:g:;“g)"ta' 0.08 | -1.45 | 1.80 | -0.43

Note: orchard established in 2017; planting scheme 2.5x4.5 m; rootstock MM106

Source: developed by the authors

The highest average yield over the study
period was recorded for the cultivar ‘Rosela’
(3.30 t ha'), which significantly exceeded the
overall mean value. At the same time, this culti-
var was characterised by the highest stability var-
iance (52=14.5) and a positive deviation from the
mean variance (52-5%,,.q = 10.8), indicating low
ecological stability and a high dependence on en-
vironmental conditions. Regression coefficients
showed that the cultivars ‘Rosela’ (b, = 2.743)

and ‘Juliet’ (b, =0.921) were characterised by in-
creased ecological plasticity, actively responding
to improvements in growing conditions. Such
cultivars were considered suitable for intensive
production systems under a high level of agricul-
tural inputs. In contrast, the cultivars ‘Free Gold,
‘Luna’, and ‘Red Topaz’ (b,<0.75) belonged to the
neutral type, which indicated a limited response
to changes in environmental conditions and rela-

tively stable yield performance.
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Assessment of yield stability showed that the
most stable cultivars were ‘Free Gold’ (52 =0.5),
‘Luna’ (S;2 = 0.8), and ‘Red Topaz’ (S;? = 0.9); how-
ever, they were characterised by lower average
yield levels. This indicated a trade-off between

=20 {
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stability and productivity, which was typical for
perennial fruit crops. The graphical representa-
tion of ecological stability based on yield was
presented in Figure 1 using the deviation from
the mean variance (5;2-S2

average)'

‘Free Gold’

E A

‘Luna’
‘Rosela’

‘Juliet’

| R
e 10.8

@

‘Red Topaz’

-5.0 0.0 5.0

10.0

15.0

Deviation from the mean variance

Figure 1. Yield stability of apple cultivars

Note: average for 2021-2024
Source: developed by the authors

The average fruit weight over the years
of the study amounted to 149.45 g (Table 2).
The most favourable years for the formation of
large fruit size were 2023 and 2024, as indicated

by the high environmental indices (l,,; = 6.15;
l,024 = 5.75). The least favourable year was 2021
(I,021 = -9.45), which negatively affected the aver-
age fruit weight values.

Table 2. Adaptability parameters of apple cultivars based on average fruit weight

Cultivar Average fruit weight, g Average Regression Stability 5292
2021 | 2022 | 2023 | 2024 | (2021-2024) | coefficient, b, | variance, S? i average

‘Free Gold’ 140 | 155 | 148 | 173 154.0 1.217 198.0 -327.9

‘Juliet’ 125 | 190 | 140 | 150 151.3 0.462 772.9 247.0

‘Luna’ 120 | 120 | 135 | 153 132.0 1.697 246.0 -279.9
‘Red Topaz’ 175 | 130 | 180 | 120 151.3 -1.055 939.6 413.7

‘Rosela’ 140 | 140 | 175 | 180 158.8 2.679 472.9 -53.0

Mean 140.0 | 147.0 | 155.6 | 155.2 149.45 1.00 525.9 0.0

E""i'n’gg)':‘g;“a' -9.45 | 2.45 | 615 | 575

Note: orchard established in 2017; planting scheme 2.5x4.5 m; rootstock MM106

Source: developed by the authors

Based on average fruit weight, the culti-
var ‘Rosela’ stood out with the highest value
(158.8 g), whereas the cultivars ‘Free Gold’ and
‘Juliet’ showed values close to the overall average
(154.0 and 151.3 g, respectively). High values of
the regression coefficient for the cultivars ‘Rose-
@’ (b;=2.679), ‘Luna’ (b; = 1.697), and ‘Free Gold’

Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2025. Vol. 21, No. 6

(b;=1.217) indicated their high ecological plas-
ticity with respect to fruit weight. This implied
that under improved environmental conditions
these cultivars were able to substantially increase

fruit size. At the same time, the cultivar ‘Juliet’

(b,=0.462) exhibited a neutral response to chang-
es in growing conditions, while ‘Red Topaz’ showed

163



164

Plasticity and stability of quantitative productivity traits...

a negative regression coefficient (b, =-1.055), in-
dicating a non-standard response and a poten-
tial decrease in fruit weight in favourable years.

In terms of stability parameters, the most
uniform fruit weight was formed by the cultivars
‘Free Gold’ (52=198.0) and ‘Luna’ (52 = 246.0). At
the same time, the cultivars Juliet’and ‘Red Topaz’

-327.9
-279.9

were characterised by high variance values (772.9
and 939.6, respectively), indicating considerable
variability of the trait and lower predictability of
results. The graphical representation of ecolog-
ical stability of the cultivars based on average
fruit weight was presented in Figure 2 using the
deviation from the mean variance (52-52

average)'

2]

‘Free Gold’

‘Luna’

‘Rosela’

‘Juliet”

B

‘Red Topaz’

-400.0 -200.0 0.0

200.0

400.0 600.0

Deviation from the mean variance

Figure 2. Stability of the average fruit mass of apple varieties

Note: average for 2021-2024
Source: developed by the authors

The slope of the regression lines provided
additional information on the adaptive respons-
es of apple cultivars to changes in environmen-
tal conditions. As the angle of inclination of the
regression line increased, cultivar sensitivity
to the variability of ecological factors also in-
creased. The study established that the regres-
sion lines for yield and average fruit weight had
nearly identical slopes, which confirmed the
presence of a direct correlation between these

4
4

economically valuable traits. The calculated re-
gression coefficients, representing the tangent
of the angle of inclination, made it possible to
construct graphs for the visual assessment of
ecological plasticity of the cultivars. The corre-
sponding graphical representations of the re-
gression lines for yield and average fruit weight
were presented in Figures 3 and 4, providing a
clear illustration of the adaptive characteristics
of the studied cultivars.

35 1.8 -
: 2023
7 2.5
5 y=x+1.725 | 008
%“ 043 1/:,/”621
= e
ZUZ8 — T

- H-X.

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

Environmental index

Figure 3. Regression line and ecological plasticity indices of apple cultivar yield
in relation to changes in environmental conditions (2021-2024)

Source: developed by the authors
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Figure 4. Regression line and ecological plasticity indices of average fruit weight of apple cultivars
in relation to changes in environmental conditions (2021-2024)

Source: developed by the authors

Based on mathematical processing of yield
and average fruit weight data, regression equa-
tions were derived, namely y, = x, + 1.725 and
Y, = X, + 149.45, on the basis of which the eco-
logical plasticity index was determined. A com-
prehensive analysis of ecological plasticity and
stability parameters indicated that the cultivar
‘Rosela’ combined a high potential for yield and
fruit weight but was characterised by low stability,
which limited its use under conditions of an un-
stable climate. The cultivars ‘Free Gold’ and ‘Luna’
demonstrated an optimal balance between stabil-
ity and adaptability, making them promising for
cultivation across different agroecological zones.
The obtained results confirmed the appropriate-
ness of using regression analysis parameters for
the justified selection of apple cultivars in breed-
ing programmes and commercial production.

The obtained research results confirmed the
decisive role of the “‘genotype x environment” in-
teraction in the formation of productivity of apple
cultivars, which was consistent with the concepts
of adaptive breeding of fruit crops proposed by
H. Muranty et al. (2015) and C. Ma et al. (2024).
These studies stated that the conditions of Podil-
lia were characterised by pronounced interannual
variability of hydrothermal factors, which deter-
mined differentiated cultivar responses to chang-
es in the ecological background and required a
comprehensive assessment of plasticity and sta-
bility of economically valuable traits. In the course

of the present study, it was established that the
weather conditions of 2023 were the most favour-
able for the formation of yield and average fruit
weight, as reflected by the maximum values of the
environmental index. The optimal combination of
temperature regime and moisture supply during
critical phases of organogenesis contributed to a
more complete realisation of the genetic poten-
tial of the cultivars, which was consistent with
the results reported by P. Pfleiderer et al. (2021)
and C. Jena & K. Pramanik (2025) obtained in
temperate climate zones. In contrast, 2022 and
2024 were characterised by abiotic stresses dur-
ing the flowering period, which negatively affect-
ed pollination, fruit set, and final yield. The use
of regression coefficients (b) allowed clear dif-
ferentiation of cultivars according to the type of
ecological response. The cultivar ‘Rosela’ demon-
strated a high level of ecological plasticity for
yield, which was expressed by a sharp increase in
productivity in favourable years and pronounced
fluctuations in unfavourable ones. According to
T. Kondratenko & P. Kondratenko (2020), such
a response type was typical of intensive gen-
otypes that were advisable to cultivate under
conditions of a high agricultural background and
the possibility of regulating the water regime.

The cultivars ‘Free Gold’ ‘Luna’, and ‘Red To-
paz’ belonged to the neutral type in terms of
yield, with b, <1, indicating a weaker dependence
on weather variability. Such genotypes were more
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stable over time and were recommended for ar-
eas of risk-prone horticulture, where ensuring a
predictable level of yield was of particular impor-
tance (Berven et al., 2025). Similar patterns were
reported in the studies of G. Locatelli et al. (2022)
concerning the stability of fruit crops in Central
and Eastern Europe.Assessment of stability based
on the variance of deviations from regression (5?)
showed that cultivars with high plasticity gen-
erally exhibited lower stability. In particular, the
cultivar ‘Rosela’ had the highest S?2 values for
yield, which confirmed the inverse relationship
between the intensity of the genotypic response
and the stability of trait expression. A similar pat-
tern has been widely described in breeding stud-
ies by G. Sanford et al. (2021) and is considered
typical for perennial crops.

Analysis of the regression lines for yield and
average fruit weight showed a similar pattern of
slope, indicating the presence of a correlation be-
tween these traits. This supported the position of
S.Knapp & M.G.A.van der Heijden (2018) on the
necessity of a comprehensive assessment of cul-
tivar productivity, as selection based solely on a
single trait could lead to undesirable trade-offs.
In modern breeding programmes, multifactorial
approaches combining the evaluation of GxE in-
teractions, plasticity, and stability are increasingly
applied. The obtained results confirmed the suit-
ability of using the environmental index, regres-
sion coefficients, and stability parameters as ef-
fective tools for assessing the adaptive potential
of apple cultivars. Such an approach allowed not
only the justified recommendation of cultivars for
production but also the identification of direc-
tions for their use in breeding, either as donors of
stability or of potential productivity.

Thus, the research results indicated that
under the conditions of Podillia the most prom-
ising cultivars were those combining moderate
ecological plasticity with high stability of ex-
pression of economically valuable traits, which
ensured the adaptation of orchards to current
climatic challenges and increased the efficiency
of commercial horticulture.

Conclusions

As a result of the four-year cultivar evaluation of
apple cultivars, a substantial influence of interan-
nual variability of hydrothermal conditions on the
formation of yield and average fruit weight under
the conditions of Podillia was established. The
most favourable conditions for the realisation
of the productive potential of the cultivars were
formed in 2023, which was confirmed by the max-
imum environmental indices for the traits “yield”
(I=1.80) and “average fruit weight” (I = 6.15), as
well as by the highest average productivity val-
ues over the study period. It was determined
that, in terms of fruit yield, the cultivars ‘Rose-
la’ (b, =2.743) and Juliet’ (b, =0.921) were char-
acterised by increased ecological plasticity and
an intensive type of response to environmental
conditions, which ensured high yield levels in fa-
vourable years but was accompanied by reduced
stability. The cultivars ‘Free Gold, ‘Luna’, and Red
Topaz’ belonged to the neutral type of ecological
response and provided a relatively stable level of
productivity under different growing conditions.
The highest average yield during the study was
recorded for the cultivar ‘Rosela’ (3.30 t ha);
however, it proved to be the least stable for this
trait (S2=14.5), indicating a high dependence of
its productivity on favourable weather conditions.

In terms of average fruit weight, a high level
of ecological plasticity was established for the
cultivars ‘Rosela’ (b,=2.679), Luna’ (b,=1.697),and
‘Free Gold’ (b, =1.217), which determined their
ability to form large fruits in years with optimal
growing conditions. The most stable cultivars for
this trait were ‘Free Gold’ (52=198.0) and ‘Luna’
(S2=246.0), whereas ‘Juliet’ (52=772.9) and ‘Red
Topaz’' (S2=939.6) were characterised by consid-
erable variability of this trait. A comprehensive
assessment of plasticity and stability of yield
and average fruit weight allowed the conclusion
that, under the conditions of Podillia, the optimal
combination was moderate ecological plasticity
with high stability of trait expression, which en-
sured predictable productivity and reduced pro-
duction risks. Based on the set of adaptability
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parameters, the cultivars ‘Free Gold’ and ‘Luna’
showed the greatest practical and breeding
value, as they combined yield stability with an
adequate level of marketable fruit quality. The
obtained results confirmed the appropriateness
of using the environmental index, ecological

Tarnavska et al.

set of adaptability indicators, including environ-
mental indices, ecological plasticity and stability
coefficients, which allows improving the effi-
ciency of variety selection at the early stages of
varietal testing.
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MnacTuyHicTb i cTabinbHIiCTb KiNbKiCHMX 03HaK NPOAYKTUBHOCTI
copTiB a6nyHb B ymoBax Moginns

KaTtepuHa TapHaBcbKa

KaHamMaaT CinbCbKOrocnoaapcbkux Hayk
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Oner BeHepgikToB

KaHanMAaT cinbCbKOrocnoaapcbKmMx Hayk, CTaplini HAyKOBMIM CNiBPOBITHMK

lMopinbCbka AOCAiAHA CTaHLIS CAAIBHULTBA IHCTUTYTY CafiBHMLITBA HaLiOHanbHOI akaaeMii arpapHUX HayK YKpaiHu
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AHoTauifA. Y cBiTi 961yHA € OAHIE 3 NPOBIAHMX MNOAOBMX KyNbTyp, WO 3alMaE TpeTe Micue 3a
obcaramu BUpOOHULTBA Nicns 6aHaHiB Ta KaBYHIB, i MOCTIMHO 3pOCTal0YMiA NOMUT Ha 161yKa 06yMOBNIOE
HeobXifHiCTb BAOCKOHANEHHS COPTIB 3 BUCOKMMM MOKA3HMKaMM NPOAYKTUBHOCTI Ta aAanTMBHOCTI. MeToo
focnifxeHHs 6yna ouiHka copTiB S6AYHI 3@ MOKa3HMKAMKU €KONOFiYHOI NNACTUYHOCTI ANS BU3HAYEHHS
nepcnekTUBHUX FEHOTUMIB ANS cenekuiiHux nporpaM. HaBeneHo pe3ynbTaTM COPTOBMBYEHHS S16/YHi
YKPpaiHCbKOi Ta 3apyb6ixHOi cenekuii (HacagpkeHHs 2017 poky, cxeMa 2,5 x 4,5 m, nigwena MM106) 3a
NOKa3HMKaMM BPOXAMHOCTI Ta cepefHboi Macu nnoais. [1poBeaeHo OLiIHIOBaHHA M'STU COpPTiB A6MyHi
(Dpi Tong, ‘Lxynber, JlyHa’, ‘Pen Tonaz’, ‘Posena’), BigibpaHux i3 27 iHTPOAYKOBaHWUX FeHOTUNIB,
Wwo npoxoaunu coptoBuBueHHs y 2021-2024 pp. HaiiBuwli 3HayeHHs iHOEKCIB CcepefoBuMLLa, K 3a
BPOXaWHicTio 96N1yHb, TaK | Macoto nnoais, 6ynu BigmiveHi B 2023 poui, i BignosigHo 6ynun — 1,80 1a 6,15.
HavimeHwi inaekcn cepepoBumwa BiaMideHi y 2022 p. i 2024 p., cepefHs BpPOXaWiHiCTb B Ki BiAN0BiAHO
ctaHosuna 0,28 T1a 1,3 1/ra. Takuit aHanis 4EMOHCTPYE BUCOKMI BMAUB PiYHUX KOAMBAHb KNIMATUYHUX
(akTopiB Ha MPOAYKTMBHICTb COPTIB Ta NiAKPEC/IOE HEOOXiAHICTb BpaxyBaHHSA aAanTUBHOCTI reHOTUMIB
y CenekuiHux nporpamMax. 3a pe3ynbTaTaMM MaTeMaTU4HOi 0OpOOKM MOKA3HWMKIB BPOXAMHOCTI
NNoAIB i cepefHbOi Macu MNOAY BUMBELEHO PiBHSHHA perpecii Ta iHAEKCM eKONOriYHOi MAacTUYHOCTI.
BcTaHoBnEHO, L0 33 BPOXKaAMHICTIO NNOAIB copTu ‘Po3ena’ i ‘[LKYNbeT € COPTaMu iHTEHCMBHOTO TUMY, AKi
XapaKTepU3yTbCS BUCOKO YYTAMBICTIO A0 3MiH YMOB cepefoBMLUa, KoedilieHTH perpecii BianoBiagHO
cTaHoBnsaTb 2,743 i 0,921, 3a cepenHbO0 Macow NAOALY BMCOKMI PiBEHb €KOMOFIYHOI MAACTUYHOCTI
LEMOHCTPYI0Tb copTv ‘Posena’, JlyHa’ Ta ‘®@pi Mong’, Toai ak copt ‘IXXyNbeT HaNEXWUTb [0 HEATPANbHOIO
Tuny. OuiHKa eKonoriyHoi CcTabinbHOCTI COPTIB MOKa3ana, Wo 3a BPOXAWHICTIO Hanbinbw cTtabinbHUMM
6ynu ‘©pi Fong’, NlyHa’ Ta ‘Pen Tonaz’. CopT ‘IXKyNbeT BUABMBCA BiLHOCHO CTabiNbHMM, X04a BiH He
Bi3HAYMBCS BUCOKMM PiBHEM BPOXAMHOCTI. HalMBuULLY BpOXaMHICTb Y cepeHbOMY 3a pOKaMM NOKa3as
copT ‘Po3ena’, kM OAQHOYACHO € HalMeHLW CTabinbHWM. 3a CepefiHbOK Macok MioAy CTabinbHUMK
BuaBuAncs coptm ‘Opi long’ ta JlyHa’

KniouoBi cnoBa: BpoxaliHicTb; Maca nnoay; npuBabnnBicTb; CMAaKOBi IKOCTi; NapaMeTpy afanTUBHOCTI;
iHOeKC cepenoBumLLa
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