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Wheat (Triticum aestivum L.) is one of the most impor-
tant crops in maintaining food security, which ensures the
existence of a significant part of the world’s population
[4, 5, 8]. Scientific forecasts indicate that with a significant
increase in the population on Earth, the production of food
products will not coincide with such growth and, under the
current dynamics, the food problem may turn into a deep
international crisis [20, 23, 26]. Scientists’ calculations
show that at the current rate of population growth, in the
future, world grain production per person will decrease [2].

Currently, the annual gross production of wheat is
increasing by about 0.9%, but this is much slower than the
growth rate of the population and, accordingly, its quantity
is insufficient to meet their needs [9, 25]. Therefore, human-
ity must find a solution to this problem, since the rate of
population growth remains too high [6].

Along with population growth, climate changes, the
so-called global warming, have been observed in recent
decades, which leads to significant fluctuations in the
yield of winter wheat both in space and time [1, 14, 24].
Therefore, the efforts of breeders should be directed to
the creation of not only high-yielding varieties, but also
those that ensure the stability of the harvest in different
agro-climatic conditions [11, 15, 19, 22]. To date, scientists
have already investigated the agronomic and physiological
mechanisms responsible for the stability of the crop [7, 16,
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17, 21]. Therefore, different varieties can show contrasting
reactions to environmental conditions due to their interac-
tion [13, 18, 27].

The purpose of our research was to study and analyze
the environmental stability and adaptability to different envi-
ronments of winter wheat varieties selected by the Institute
of Climate-oriented Agriculture of the National Academy
of Sciences and the Selection and Genetic Institute of the
National Center for Seed Science and Varietal Research of
the National Academy of Sciences in the conditions of the
Southern Steppe of Ukraine.

Materials and methods. The reaction of winter wheat
varieties to different growing conditions was studied at the
Askanian State Agricultural Research Station in the village
of Tavrychanka, Kherson region (46°33'12°N; 33°49'13"E;
39 m above sea level) during 2015/16—-2019/20. Research
was conducted under different conditions of irrigation: with
irrigation and without irrigation. Under conditions of natu-
ral moisture, the yield strongly depended on the amount of
precipitation during the growing season, especially during
the critical growing season (April-May). Average temper-
atures and total precipitation for all experimental seasons
are shown in Table 1 along with long-term average values
(1961-2005). The seasons of 2016/2017 and 2018/19 were
the most favorable for natural moisture conditions, as the
precipitation that fell during the growing season contrib-
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Table 1
Weather conditions for research (2015-2020)
1961-2005 2015/2016 2016/2017 2017/2018 2018/2019 2019/2020
T(C) [P (mm)| T(°C) [P (mm)| T(°C) [P (mm)| T(°C) [P (mm)| T (°C) [P (mm) | T (°C) [ P (mm)
gggﬁge‘r 48 | 980 | 60 | 812 | 34 | 420 | 59 | 750 | 55 | 534 | 74 | 679
January 31 | 300 | 31 | 599 | -39 | 144 | 07 | 241 | 03 | 338 | 10 | 183
February 20 | 290 | 39 | 329 | 09 | 220 | 01 | 470 | 11 106 | 22 | 596
March 22 | 260 | 61 | 203 | 66 | 102 | 15 | 351 55 5.7 75 35
April 96 | 280 | 124 | 505 | 85 | 818 | 129 | 27 | 103 | 389 | 95 75
May 156 | 380 | 159 | 957 | 155 | 258 | 195 | 130 | 17.4 | 724 | 149 | 424
June 200 | 460 | 215 | 762 | 217 | 80 | 224 | 230 | 245 | 141 | 222 | 59.3
ji:gary‘ 71 | 1970 | 95 | 3355 | 79 | 1622 | 95 | 1449 | 98 | 1755 | 96 | 190.6
?ucr:‘;ber‘ 60 | 29050 | 78 | 4167 | 57 | 2042 | 77 | 2199 | 77 | 2289 | 85 | 2585

uted to the replenishment of moisture in the soil for normal
plant growth and development. The index of environmental
conditions for these years was: for natural moisture 0.32
and 0.87, for irrigation 0.94 and 1.32, respectively. The
2017/18 and 2019/20 seasons were very dry, especially the
critical growing season (April-May), in which air and soll
drought was observed due to insufficient precipitation and
high average daily temperature, and the indices of environ-
mental conditions for natural moisture were equal to -1.85
and -1.43 and for irrigation 0.51 and 0.89, respectively.
Therefore, we calculated and analyzed the parameters of
stability, adaptability and ecological plasticity of 18 varieties
of winter wheat separately in dry years, wet years and dur-
ing the five-year period (2015/16—2019/20), which included
the year 2015/2016 with too high a number precipitation
(index of environmental conditions for natural moistening —
-1.17, for irrigation — -0.41), which led to the laying of crops
and crop losses.

They studied 18 varieties of winter wheat, which are
usually grown in the south of Ukraine and are listed in the
State Register of Plant Varieties. Varieties were tested on
plots with an area of 50 m? in three repetitions by the method
of randomized repetitions (blocks), the sowing rate was
adjusted to 4.5 million viable seeds per ha. Research was
conducted according to generally accepted methods, the
amount of fertilizers and chemical treatments was adjusted
according to growing conditions and the presence of dis-
eases and pests. The studied samples were sown in the
first decade of October, and the harvest was done in July.

Statistical analysis. The reaction of winter wheat
varieties to growing conditions was determined by:
index of environmental conditions (environmental index),
obtained as the average value of all varieties in the j-th
environment minus the overall average (lj), coefficient
of regression of the variety on the environment (b)), var-
iance of deviations from regression lines, second stabil-
ity parameter (s?,) [3], an indicator of resistance to stress
(RS), genetic flexibility (Gf) [10], general homeostasis
(Hom), breeding value (Sc), adaptability coefficient (CA),
the effects of general adaptive capacity (GAC,), specific
adaptive capacity (SAC)), variance of interaction between

genotype and environment (0°,g,), variance of specific
adaptive capacity (0%,,), relative stability of the genotype
(sy), selection value of the genotype (SVG)), coefficient of
compensation-destabilization of the genotype (K,), coef-
ficient of non-linearity of the response of the genotype to
the environment (/) [12].

A correlation analysis was conducted between grain
yield and drought resistance indices to determine the best
drought-resistant varieties and indices. Principal compo-
nent analysis (PCA) was performed on the observations.
Correlation, cluster analyses, and PCA were performed
using Microsoft ® Excel 2016/XLSTAT © -Pro (Version
2016.02.28451, 2016, Addinsoft, Inc., Brooklyn, NY, USA),
Statistica data analysis software system v.8. (Sta Stof Inc.,
North Melbourne, Australia) and SPSS 20.00 statistical
software (SPSS/PC-20, SPSS Inc., Chicago, IL, USA).

Research results and their discussion. The obtained
experimental data allow distinguishing varieties of winter wheat
by maximum productivity (Ymax) Mariia — 8.61 t/ha, Harantiia
odes’ka — 8.23 and Nyva odes’ka — 8.04 t/ha, Konka varieties
by minimum productivity (Ymin) — 4.75 t/ha, Kokhana — 4.61,
Koshova and Zysk — 4.67, Lira odes’ka — 4.99 and Schedrist’
odes’ka — 4.65 t/ha. The lowest productivity in terms of min-
imum productivity was formed by the varieties Harantiia
odes’ka—3.01 t/ha and Rosynka — 3.87 t/ha, and the Rosynka
variety was characterized by the lowest productivity in terms of
maximum productivity of 5.69 t/ha (Table 2).

According to the indicator of average yield (Ymean),
varieties Kokhana and Mariia stood out — 6.24 t/ha, Zysk —
6.34 and Lira odes’ka — 6.31 t/ha, on the other hand,
Rosynka variety was characterized by the lowest value —
4.82 t/ha.

The level of resistance of the researched winter wheat
varieties to stressful conditions reflects the index of the dif-
ference between the minimum and maximum yield (RS),
and the smaller this difference, the higher its resistance to
stress. According to this indicator, the winter wheat vari-
ety Khersons’ka bezosta was singled out — 1.82, while
the Mariia and Harantiia odes’ka varieties were character-
ized by the highest values of this indicator, 4.32 and 5.22,
respectively.

155



ArpapHi iHHoBauii. 2023. Ne 21

Cenekuyisi, HacCiHHUyUmMe8o

Table 2
Homeostaticity, ecological plasticity and adaptability of winter wheat varieties based on grain yield (2018, 2020)
€ Yield, t/ha Adaptability parameters
Variet E
y 2 | Ymin-Ymax | Ymean RS Sc Gf b, s?, CA Hom
a

Anatoliia G1 4.47-7.18 5.88 2.71 4.27 583 | 0.84 0.13 100.5 13.6
Burhunka G2 4.32-7.45 5.43 3.13 3.88 589 | 0.84 0.92 92.8 11.9
Konka G3 4.75-7.20 5.92 245 4.04 598 | 0.91 0.17 101.1 11.5
Kokhana G4 4.61-7.54 6.24 2.93 4.51 6.08 | 0.91 0.20 106.7 14.2
Koshova G5 4.67-7.49 6.18 2.82 453 6.08 | 0.86 0.17 105.6 14.7
Mariia G6 4.29-8.61 6.24 4.32 4.04 6.45 1.23 0.78 106.6 10.7
Ledia G7 4.00-6.68 5.50 2.68 4.00 5.34 | 0.79 0.24 94.0 12.7
Rosynka G8 3.87-5.69 4.82 1.82 3.53 478 | 0.62 0.06 82.3 11.5
Khersons’ka bezosta G9 4.07-7.33 5.47 3.26 3.37 5.70 1.1 0.23 93.4 8.4
Askaniis’ka G10 4.50-7.58 6.14 3.08 4.25 6.04 0.99 0.11 104.9 12.4
Harantiia odes’ka G11 3.01-8.23 5.38 5.22 2.57 5.62 1.55 1.60 91.8 5.6
Zysk G12 4.67-7.56 6.34 2.89 4.48 6.12 0.96 0.14 108.3 13.5
Lira odes’ka G13 4.99-7.53 6.31 2.54 4.75 6.26 0.69 0.55 107.9 16.4
Mudrist’ odes’ka G14 4.06-7.89 5.93 3.83 3.37 5.98 1.31 0.62 101.2 7.9
Nyva odes’ka G15 4.16-8.04 6.18 3.88 3.72 6.10 1.26 0.57 105.6 9.1
Pylypivka G16 4.44-7.08 5.72 2.64 3.69 5.76 1.01 0.17 97.7 9.7
Tradytsiia odes’ka G17 4.32-7.14 5.66 2.82 3.50 5.73 1.10 0.18 96.6 8.8
Schedrist’ odes’ka G18 4.65-7.94 6.03 3.29 4.12 6.30 1.01 0.34 103.0 11.8
Medium grade 4.33-7.45 5.85 3.13 3.92 5.89 1.00 0.40 100.0 11.4
V, % 7.03 24.90 13.66 6.53 23.21 97.79 7.06 24.01

SX,psonte 0.10 0.18 0.13 0.09 0.05 0.09 1.66 0.64

SKgetive 1.66 5.87 3.22 154 547 23.05 1.66 5.66

LSD,, 0.31 0.58 0.40 029 0.7 0.29 5.27 2.04

LSDy 0.22 0.42 0.29 0.21 0.13 0.21 3.81 1.47

According to the breeding value of the variety (Sc), the
varieties Kokhana — 4.51, Koshova — 4.53, Zysk — 4.48 and
Lira odes’ka — 4.75 stood out.

Winter wheat varieties Mariia — 6.45, Lira odes’ka — 6.26
and Schedrist’ odes’ka — 6.30 stood out according to the indica-
tor of genetic flexibility (Gf), that is, such varieties form a higher
yield in contrasting conditions compared to other varieties.

According to the regression coefficient (b;), which is a
criterion for assessing the level of ecological plasticity and
indicates the reaction of the genotype to a change in envi-
ronmental conditions, the intensive type variety (b, > 1)
Harantiia odes’ka — 1.55, the stable type (b, < 1) Rosynka
variety — 0.62 and Lira odes’ka — 0.69. If b, = 1, then the
genotype is well adapted to various growing conditions, the
closest to this are the varieties Askaniis’ka—0.99, Pylypivka
and Schedrist’ odes’ka — 1.01.

During the analysis of winter wheat varieties based on
the variance of the deviation from the s?, regression line,
the Rosynka variety with the highest predicted stability was
singled out, with an s2;, value of 0.059. On the other hand,
the Harantiia odes’ka variety turned out to be unstable with
the highest value of s?;, (1.596).

The maximum values of the coefficient of adaptability
(CA) were characterized by varieties Kokhana — 106.7,
Mariia — 106.6, Zysk — 108.3 and Lira odes’ka — 107.9.
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According to the indicator of homeostaticity (Hom),
which characterizes the ability of plants to develop
normally under adverse environmental conditions, the
varieties Kokhana — 14.2, Koshova — 14.7 and Lira
odes’ka — 16.4 stood out. The lowest homeostatic value
(5.6) was characterized by the Harantiia odes’ka variety.

Winter wheat varieties had the greatest effects of
general adaptive capacity (GAC): Zysk — 0.49 and Lira
odes’ka — 0.46. Rosynka variety was characterized by the
lowest value of this characteristic — 1.03 (Table 3).

The variance parameter (0%,.) characterizes the spe-
cific adaptive capacity, that is, the response of the genotype
to environmental conditions. The most stable Rosynka vari-
ety with the lowest value of 0%, — 0.73 was established.
The Harantiia odes’ka variety with the highest value of
0%, — 5.51 is an unstable or intensive type variety.

Rosynka — 17.8 and Lira odes’ka — 17.5 stood out
according to the parameter of relative stability of the gen-
otype (s,), which characterizes them as the most stable.

The Askaniis’ka and Pylypivka varieties were character-
ized by the smallest values (0.04 and 0.08, respectively) of
the variance of the interaction of genotype and environment
0% 6.ggn DUL they were unstable for the compensation coef-
ficient K, (1.03 and 1.09, respectively), which indicates the
manifestation of a destabilizing effect, although they were
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Table 3
Parameters of adaptive properties of winter wheat varieties based on grain yield (2018, 2020)
g Yield, t/ha Adaptability parameters
Variety E
% Ymin-Ymax | Ymean | GAC, g | Fisaci S, SVG, | K, I,
o
Anatoliia G1 4.47-7.18 5.88 0.03 0.11 1.36 19.8 352 | 0.74 | 0.079
Burhunka G2 4.32-7.45 5.43 -0.42 0.63 1.91 254 263 | 1.04 | 0.328
Konka G3 4.75-7.20 5.92 0.06 0.10 1.64 21.6 3.33 | 0.90 | 0.059
Kokhana G4 4.61-7.54 6.24 0.39 0.12 1.63 20.5 3.66 | 0.89 | 0.072
Koshova G5 4.67-7.49 6.18 0.33 0.12 1.47 19.6 3.73 | 0.80 | 0.082
Mariia G6 4.29-8.61 6.24 0.39 0.59 3.30 29.1 256 | 1.81 | 0.178
Ledia G7 4.00-6.68 5.50 -0.35 0.21 1.30 20.7 320 | 0.71 | 0.159
Rosynka G8 3.87-5.69 4.82 -1.03 0.27 0.73 17.8 3.08 | 040 | 0.367
Khersons’ka bezosta G9 4.07-7.33 5.47 -0.39 0.15 242 28.5 232 | 1.32 | 0.060
Askaniis’ka G10 4.50-7.58 6.14 0.29 0.04 1.88 223 3.37 1.03 0.022
Harantiia odes’ka G11 3.01-8.23 5.38 -0.48 1.59 5.51 43.7 0.63 3.01 0.289
Zysk G12 | 4.67-7.56 6.34 0.49 0.06 1.78 21.0 3.64 | 0.97 | 0.036
Lira odes’ka G13 | 4.99-7.53 6.31 0.46 0.51 1.22 17.5 4.08 | 0.67 | 0.421
Mudrist’ odes’ka G14 | 4.06-7.89 5.93 0.07 0.56 3.60 32.0 2.09 | 1.97 | 0.157
Nyva odes’ka G15 | 4.16-8.04 6.18 0.33 0.48 3.32 295 249 | 1.82 | 0.143
Pylypivka G16 | 4.44-7.08 5.72 -0.14 0.08 1.99 24.7 286 | 1.09 | 0.041
Tradytsiia odes’ka G17 | 4.32-7.14 5.66 -0.20 0.10 2.33 27.0 256 | 1.28 | 0.045
Schedrist’ odes’ka G18 | 4.65-7.94 6.03 0.18 0.20 212 241 3.08 | 1.16 | 0.093
Medium grade 4.33-7.45 5.85 0.00 0.33 2.19 24.7 294 | 1.20 | 0.146
V, % 7.03 74363.30 113.82 5143 2577 27.09 5145 84.59
SXapsoiute 0.10 0.10 0.09 0.27 1.50 0.19 0.15 0.03
SX gietive 166  17527.60 26.83 12.12 6.07 6.39 1213 19.94
LSD,, 0.31 0.31 0.28 0.84 4.76 059 046 0.09
LSD,, 0.22 0.22 0.20 0.61 3.44 043 0.33 0.07

characterized by a linear response to a change in the environ-
ment. The compensation coefficient varied from 0.40-3.01. In
Anatoliia, Konka, Kokhana, Koshova, Ledia, Rosynka, Zysk
and Lira odes’ka varieties, it was less than one, which indi-
cates a stabilization effect. Rosynka — 0.40 and Lira odes’ka —
0.67 were characterized by the lowest values. In others, it was
more than one, with the highest value of 3.01 in the Harantiia
odes’ka variety, which indicates the predominance of the
destabilizing effect. When selecting stable varieties, prefer-
ence should be given to varieties with K, < 1.

The varieties Koshova and Lira odes’ka with values of
3.73 and 4.08, respectively, were characterized by a high
selection value of the genotype (SVG)). Varieties of this type
are the most valuable and can give maximum yields even
under unfavorable conditions.

According to the parameters of adaptability, the
Kokhana, Koshova, Rosynka, Zysk and Lira odes’ka vari-
eties were selected as the most stable, while Harantiia
odes’ka was selected as an intensive type variety. The vari-
eties Askaniis’ka, Pylypivka and Schedrist’ odes’ka can be
classified as plastic.

There is no relationship between the maximum and min-
imum yield r = -0.015. Both yield levels of winter wheat vari-
eties were characterized by an average positive relationship
(r = 0.625-0.662) with average yield (Ymean), adaptability

coefficient (CA) and general adaptive capacity (GAC,). The
maximum yield was characterized by a high positive relation-
ship (r = 0.717-0.824) with the level of resistance to stress
conditions (RS), genetic flexibility (Gf) and the regression
coefficient (b,), on the other hand, the minimum yield with
genetic flexibility (Gf) had an average positive relationship
r = 0.564, and with the level of resistance to stressful con-
ditions (RS) and the regression coefficient (b;) the average
negative dependence is -0.579 and -0.571, respectively.
That is, if the varieties are characterized by high values of
the level of resistance to stressful conditions (RS) and the
regression coefficient (b,), then such varieties are classified
as intensive, and if they are low, they are stable (Table 4).
The minimum yield was characterized by a high positive
correlation (r = 0.768-0.886) with the selection value of the
variety (Sc), homeostaticity (Hom) and the selection value of
the genotype (SVG)), on the other hand, with the maximum
yield the selection value of the variety (Sc) and homeosta-
ticity (Hom) had a low negative dependence (-0.025 and
-0.234, respectively), and with the selection value of the gen-
otype (SVG)) — an average negative dependence (-0.346).
The variance of the deviation from the regression line
(s2;), the stability of the genotype response (0%,,) and the
compensation coefficient (K,) had an average negative

relationship (-0.609, -0.674 and -0.673) with the minimum
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yield, on the other hand, with the maximum yield — an aver-
age positive dependence (r = 0.592-0.698). The relative
stability of the genotype (s,) and the variance of the inter-
action between the genotype and the environment (02 ,g,)
were characterized by a high negative correlation (-0.754
and -0.710) with the minimum productivity and an average
positive correlation (0.581 and 0.453) with the maximum.
This suggests that the lower the value of these parameters,
the more stable the variety, and, conversely, the higher the
value, the more unstable the variety is, that is, it belongs to
the intensive type.

According to the results of the GGE biplot analysis, the
winter wheat variety Lira odes’ka (G13), which is in the
same quarter as the minimum vyield vector (Ymin) and is
close to its peak, forms the highest yield under the worst
growing conditions. Varieties Konka (G3), Kokhana (G4),
Koshova (G5) and Zysk (G12), which are in the same quar-
ter with the minimum yield vector, form high yields under
worse growing conditions (Ymin). They are characterized
by a low yield reduction when growing conditions deterio-
rate and a high yield under unfavorable conditions, that is,
they can be classified as stable type varieties (Fig. 1).

The variety Mariia (G6) is in one quarter of the maxi-
mum yield vector (Ymax) and is close to its peak, produces
the highest yield under optimal conditions and can be clas-
sified as an intensive type variety.

The variety Schedrist’ odes’ka (G18), located on the
axis between the vectors of yield levels, as well as the vari-
ety Askaniis’ka (G10) close to the axis, form a high yield
under both conditions, and can be considered plastic.

The Rosynka (G8) winter wheat variety is in the Il quar-
ter and is characterized by the smallest reduction in yield

when conditions deteriorate and can be considered the
most stable, i.e., tolerant to changes in moisture conditions.
However, it is also characterized by the lowest level of pro-
ductivity under both humidification conditions.

The winter wheat variety Harantia odes’ka (G11),
located in the lll quarter, is characterized by high produc-
tivity (8.23 t/ha) under optimal conditions and the lowest
(3.01 t/ha) under unfavorable conditions. This variety can
be attributed to the intensive type, that is, one that responds
well to improving moisture conditions, but is characterized by
a sharp decrease in productivity under stressful conditions.

Cluster analysis allows identification of winter wheat vari-
eties based on genetically determined drought resistance.
The advantage of the cluster analysis method is that its math-
ematical apparatus allows you to find and highlight the accu-
mulation of objects (points) that actually exists in the feature
space based on simultaneous grouping by a large number of
features. Construction and analysis of dendrograms details
information about the nature of relationships between line-
ages at the cluster level and specifies relationships between
populations within their boundaries. On the dendrogram, the
numbers of the objects being merged and the distance at
which the merger took place are indicated (Fig. 2).

The varieties that formed five subclusters were the clos-
est in yield and adaptability parameters: G4 — Kokhana and
G5 — Koshova at a distance of 1, G1 — Anatoliia and G3 —
Konka, G6 — Mariia and G15 — Nyva odes’ka at a distance
of 4 and G10 — Askaniis’ka and G18 — Schedrist’ odes’ka
at a distance of 5 were further grouped into 1 cluster, and
varieties G16 — Pylypivka and G17 — Tradytsiia odes’ka at a
distance of 4 were further grouped into 2 cluster. In general,
three clusters were formed: in the first cluster, at a distance
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Fig. 1. Genotype-environment interaction of winter wheat varieties and environments (biplot analysis method).
The lines show the eigenvectors of the leading factor loads for the environments: e — yield level; ® — varieties
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of 252, eleven varieties that are more directed to the plastic
type, in the second cluster, at a distance of 187, six varie-
ties that are more directed to the stable type were united.
Grade G11 — Harantiia odes’ka, formed cluster 2, which is
more directed to the intensive type (Table 5).

A cluster analysis of winter wheat varieties was also car-
ried out using the k-means method. This method differs in
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that before starting, you need to choose the number of clus-
ters yourself. Based on the agglomerative hierarchical clus-
ter analysis described above, we proposed four clusters.
Cluster 1 included eight varieties more directed towards
a stable type, compared to the agglomerative hierarchical
cluster analysis, with the exception of the varieties G4 —
Kokhana, G5 — Koshova, G10 — Askaniis’ka, G12 — Zysk,
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Fig. 2. Clustering dendrogram of eighteen winter wheat varieties according to drought resistance

Table 5

Clustering of eighteen varieties of winter wheat according to drought resistance by the method of k-means

and agglomerative hierarchical cluster analysis

. Agglomerative hierarchical
_ _ _ k-means clustering clustering
Variety Designation -
Cluster Distance to the center Cluster
of the cluster
Anatoliia G1 1 7.241 1
Burhunka G2 1 3.538 2
Konka G3 1 6.641 1
Kokhana G4 2 0.915 1
Koshova G5 2 1.654 1
Mariia G6 3 7.665 1
Ledia G7 1 3.271 2
Rosynka G8 1 13.868 2
Khersons’ka bezosta G9 1 6.266 2
Askaniis’ka G10 2 2.433 1
Harantiia odes’ka G11 3 14.575 3
Zysk G12 2 2.332 1
Lira odes’ka G13 2 4.920 1
Mudrist’ odes’ka G14 3 1.920 1
Nyva odes’ka G15 3 6.183 1
Pylypivka G16 1 3.639 2
Tradytsiia odes’ka G17 1 4.920 2
Schedrist’ odes’ka G18 2 5.079 1
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G13 — Lira odes’ka and G18 — Schedrist’ odes’ka, which
were included and formed the second cluster, as varieties
of the plastic type. G6 — Mariia, G14 — Mudrist’ odes’ka and
G15 — Nyva odes’ka moved from the first to the third cluster
as intensive type varieties (Table 5).

The smallest distance to the center of the first cluster
was observed in the G7 — Ledia variety at the level of 3.271,
whereas the largest 13.868 was observed in the G8 —
Rosynka variety. The smallest distance to the center of the
second cluster was observed in the variety G4 — Kokhana
at the level of 0.915, while the largest was 5.079 in the vari-
ety G18 — Schedrist’ odes’ka. The smallest distance to the
center of the third cluster was observed in the variety G14 —
Mudrist’ odes’ka at the level of 1.920, while the largest was
14.575 in the variety G11 — Harantiia odes’ka.

Conclusions. The selected parameters of adaptabil-
ity are the level of resistance to stressful conditions (RS),
the regression coefficient (b,), the variance of the deviation
from the regression line (s?,), the sign of the stability of the
genotype response (0%,.,), the variance of the interaction
between the genotype and the environment (0%.g),), com-
pensation coefficient (K,), relative stability of the genotype
(s,), selection value of the genotype (SVG)), selection value
of the variety (Sc) and homeostaticity (Hom) by which the
type of variety can be most clearly characterized.

According to the parameters of adaptability, the Kokhana,
Koshova, Zysk and Lira odes’ka varieties were selected as
the most stable, while Harantiia odes’ka and Mariia were
selected as intensive type varieties. The varieties Schedrist’
odes’ka and Askaniis’ka are selected as plastic.
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Konovalov V.0., Ochkala O.S., Borovyk V.O. Ecological
plasticity and stability of winter wheat varieties in the
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The purpose of our research was to study and analyze

the environmental stability and adaptability to different
environments of winter wheat varieties selected by the
Institute of Climate-oriented Agriculture of the National
Academy of Sciences and the Selection and Genetic
Institute of the National Center for Seed Science and
Varietal Research of the National Academy of Sciences in
the conditions of the Southern Steppe of Ukraine. Research
materials and methods. The reaction of 18 varieties of
winter wheat to different growing conditions was studied at
the Askania State Agricultural Research Station in the village
of Tavrychanka, Kherson region (46°33'12°N; 33°49'13"E;
39 m above sea level) during 2015/16-2019/20. Research
was conducted under different conditions of irrigation: with

163



ArpapHi iHHoBauii. 2023. Ne 21

Cenekuyisi, HacCiHHUyUmMe8o

irrigation and without irrigation. Analysis of environmental
stability and adaptability to different environments of
winter wheat varieties was carried out using various
parameters. Research results and their discussion. The
obtained experimental data allow distinguishing varieties
of winter wheat by maximum productivity (Ymax) Mariia —
8.61 t/ha, Harantiia odes’ka — 8.23 and Nyva odes’ka —
8.04 t/ha, Konka varieties by minimum productivity (Ymin) —
4.75 t/ha, Kokhana — 4.61, Koshova and Zysk — 4.67, Lira
odes’ka—4.99 and Schedrist' odes’ka—4.65 t/ha. The lowest
productivity in terms of minimum productivity was formed by
the varieties Harantiia odes’ka — 3.01 t/ha and Rosynka —
3.87 t/ha, and the Rosynka variety was characterized by
the lowest productivity in terms of maximum productivity
of 5.69 t/ha. According to the parameters of adaptability,
the Kokhana, Koshova, Rosynka, Zysk and Lira odes’ka
varieties were selected as the most stable, while Harantiia
odes’ka was selected as an intensive type variety. The
varieties Askaniis’ka, Pylypivka and Schedrist’ odes’ka can
be classified as plastic. Three clusters were formed: the
first cluster included eleven varieties that are more oriented
towards the plastic type, the second cluster included six
varieties that are more oriented towards the stable type. The
Harantiia odes’ka variety formed cluster 2 — to the intensive
type. According to the correlation analysis, the parameters
of adaptability were selected: the level of resistance to
stressful conditions (RS), the regression coefficient (b)),
the variance of the deviation from the regression line (s2),
the sign of the stability of the genotype reaction (0%,.,), the
compensation coefficient (K;), the relative stability of the
genotype (sy), the selection value of the genotype (SVG),
the selection value of the variety (Sc) by which the type
of variety can be most clearly characterized. Conclusions.
Selected parameters of adaptability, according to them
and biplot analysis, the varieties Kokhana, Koshova, Zysk
and Lira odes’ka were selected as the most stable, on the
other hand, Harantiia odes’ka and Mariia were selected as
intensive type varieties. The varieties Schedrist’ odes’ka
and Askaniis’ka are selected as plastic.

Key words: winter wheat, variety, irrigation, natural
moisture, productivity, adaptability, stability, ecogradient,
biplot analysis, cluster analysis.
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KoHoBanos B.O., Oukana O.C., BopoBuk B.O. EkonoriuHa
NMacTUYHICTb Ta CTabinbHICTL COPTIB NLWEHWLi 03UMOI
B ymoBax [liBaeHHoro Cteny YkpaiHu (Y. 2 — nocywnusi
poku)

MeTol Hawmx gocnimkeHb Oyno BUMBYEHHS i aHanis
€KOIOrivyHOI CTIMKOCTI Ta aganTUBHOCTI OO Pi3HMX cepen-
OBWLL, COPTIB O3UMOI NWEHWLi cenekuii IHCTUTYTY Knima-
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TUYHO OpPIiEHTOBAHOrO CinbCcbKoro rocnogapcrea HAAH
Ta CenekKuinHo-reHeTUYHOro IHCTMTYTY HauioHanbHoro
LEeHTPy HaciHHE3HaBcTBa Ta copTtoBmBYeHHA HAAH B ymo-
Bax [liBgeHHoro Cteny YkpaiHu. Martepianu i metoaun
pocnigkeHb. Peakuito 18 copTiB 03MMOI nweHuUi Ha
pi3Hi yMOBWM BWpOLLYBaHHS BMBYaNM Ha AcCKaHIACbKin
OepXKaBHil CinbCbKOrocnogapchbkin AOCMNIAHWLBKIN CTaH-
uii y c. TaBpuyaHka, XepcoHcbka obnactb (46°33'12»N;
33°49'13»E; 39 ™M Hag piBHEM MOpsl) MpOTArOM
2015/16-2019/20 pp. docnigxeHHs npoBoannucs 3a pis-
HWX YMOB 3BONIOXKEHHS: NMpU 3pOLUEHHi Ta 6e3 3poLLeHHS.
AHani3 ekonoriyHoi CTINKOCTi Ta aganTUBHOCTI OO0 Pi3HMX
cepefoBuLL, COPTIB 03MMOI MLWIEHMLi NPOBOAMAN 3a 4OMOo-
MOFOK0 pPi3HMX napameTpis. Pe3ynbTraTtu AOCNiAXEeHHA Ta
ix o6roBopeHHsA. OTpMMaHi ekcnepMMmeHTanbHi AaHi 4o3-
BOMSAOTb BULINMUTMA COPTM O3UMOI MNLUIEHMUL 3@ Makcumarb-
Hoto npopykTusHicTio (Ymax) Mapis — 8,61 T/ra, MapaHmis
odecbka — 8,23 i Husa odecbka — 8,04 1/ra, 3a MiHiManb-
How npogykTueHicTio (Ymin) coptn KoHka — 4,75 Tira,
KoxaHa — 4,61, Kowosa Ta 3uck — 4,67, Jlipa o0ecbka —
4,99 Ta Uledpicmb odecbka — 4,65 T/ra. HaiHuxyy ypo-
XaMHICTb 3a MiHIManbHOK NPOAYKTUBHICTIO CAhopmMyBanm
coptu MapaHmis o0ecbka— 3,01 T/ra Ta PocuHka — 3,87 T/ra,
a copT PocuHKa xapakTepu3yBaBCs LUe HaWHWXYOK ypo-
XaMHICTI0O 3a MaKkcumarnbHOW npoayKTuBHiCTIO 5,69 T/ra.
3a napameTpamu aganTUMBHOCTI, ik Hanbinbw cTabinbHi,
BuaineHi coptn KoxaHa, Kowoea, PocuHka, 3uck Ta Jlipa
odecbka, HaToMicTb [apaHmisi odecbka OyB BUAINEHUI AK
copT iHTeHcuBHoro tuny. CopTn AckaHilicbka, lununieka
Ta Lljedpicmb odecbka MOXYTb OyTW BigHeceHi Ao nnac-
TuyHuXx. CchopmoBaHO TpW KracTepa: B MepLUUii Knactep
ob’egHanuca oaMHaguATb COPTIB Aki Binbl HaNpaBneHi 4o
nnacTUYHOro Tuny, B APYruin knactep ob’egHanucs WicTb
copTiB siki 6inbWw HanpaeneHi Ao crabinbHoro Tuny. Copt
FapaHmisi odecbka, yTBOPMB Knactep 2 — OO0 iHTEHCUB-
Horo Tuny. 3a kopenauiiHMM aHanisom BuAineHi napave-
TPU apanTUBHOCTI piBEHb CTIMKOCTIi 4O CTPECOBUX YMOB
(RS), koedpiuieHT perpecii (b,), Aucnepcia BigXnNeHHs Big
niHii perpecii (s?,), 03Haka cTabinbHOCTI peakuii reHoTUNy
(0%c43), KOediLieHT komneHcauii (Kg,), BigHOCHa cTabinb-
HICTb reHoTuny (s,), cenekuinHa uinHicts redotuny (CLIT),
cenekuiiHa LiHHICTb copTy (Sc¢) 3a 9kumn HambinbLL YiTKO
MOXHa oxapakTepusyBaTn Tun copTty. BucHoBku. BuaineHi
napameTpu aganTUBHOCTI, 32 HUMK Ta GinnoT-aHanisom,
AK Hanbinbw ctabinbHun, 6ynn BuaineHi coptn KoxaHa,
Kowoea, 3uck Ta Jlipa odecbka, HaToMicTb [apaHmis
odecbka Ta Mapis BuaineHi sk copTn iHTEHCUBHOTO TUNY.
Coptu Ledpicmb odecbka Ta AckaHilicbka BUAINEHI sk
NNacTUYHI.

KnioyoBi cnoBsa: o3uma neHuusi, CopT, 3pPOLLEHHS,
NPUPOAHE 3BOMNOXEHHS, YPOXaNHICTb, afAanTUBHICTb, CTa-
GinbHiCcTb, ekorpagienT, 6innoT-aHani3, KnacTepHUiA aHani3.



