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ADAPTIVE RESOURCE OF SOFT WINTER WHEAT GENOTYPES
FOR UNSTABLE MOISTURE CONDITIONS

V. V. Vashchenko, O. O. Shevchenko
Dnipro State Agrarian and Economic University, 25 Serhii Yefremov St., Dnipro, 49009, Ukraine

Topicality. The current plant breeding system should be considered a practical and effective tool to
mitigate the adverse effects of climate change. An adaptive variety is ecologically flexible and capable of
adapting to all environmental factors. Developing specific adaptive genotypes is feasible under conditions
similar to those in which the variety will be cultivated. Targeted adaptation of cultivars to specific agro-
ecological conditions allows them to maximize their genetic potential, enabling producers employing modern
technologies to achieve high profitability from their implementation. Purpose. Comparison of varieties and
hybrid combinations of winter wheat under changing growing conditions. Materials and Methods. During
2018-2023, a research of the adaptive resource of 10 hybrid combinations of soft winter wheat and standard
varieties Yednist and Podolianka was conducted in the crop rotation of the Department of Breeding and
Seed Production of the Dnipro State Agrarian and Economic University (DSAEU). Results. Yield differentia-
tion was observed under uncontrolled weather conditions during the vegetation period. The maximum yield
across the years was 9.12 t/ha in 2020, while the minimum yield was 4.18 t/ha in 2018. The average yield
across varieties was 6.66 t/ha, with the maximum yield (9.10 t/ha) achieved by genotype 15-442 and the min-
imum (3.78 t/ha) — by genotype 15-309. The average yields in all environments for 2018-2023 did not com-
pletely reflect their adaptability, since the value of a specific trait is not inherited, and yield is a polygenic
trait that indicates the rate of response of a particular variety sample. Conclusions. Yield variability is
largely dependent on environmental conditions during a specific growing season with low significant effects
of genotypes. The value of the average yield indicates the response rate of genotypes and their plasticity.
Response of soft winter wheat cultivars in favourable years indicates productive potential, and in unfavou-
rable years — adaptability or adaptive resource of genotypes to unstable moisture conditions. Under such
conditions, the yield potential of soft winter wheat genotypes is maximally realised by the following:
15-383 — 8.37 t/ha, 15-259 — 8.15 t/ha, 15-442 — 9.10 t/ha, 15-145 — 8.22 t/ha, 15-291 — 8.78 t/ha, 15-393 —
8.70 t/ha, and the standard variety Yednist — 7.89 t/ha. Based on regression coefficients, genotypes were
identified according to their environmental response: highly responsive genotypes included the standard
Podolianka, 15-383, 15-705, 15-330, 15-256, 15-426, 15-309, and 15-442. Genotypes with low responsiveness
included the standard variety Yednist, 15-291, and 15-145.
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Introduction. Today, the problem of eco-
logical stability of modern intensive varieties of
soft winter wheat (Triticum aestivum L.) in
changing environmental conditions has become
the most expressed. Overestimation of the po-
tential productivity of such varieties leads to
their significant variability in crop production,
susceptibility to environmental changes. Bree-
ding new varieties for specific soil and climate
zones is not adaptively targeted enough. The
goal of plant breeding is the development of
high-yielding ecologically plastic varieties.
Thus, ecological substantiation of breeding pro-
grammes, improvement of selection schemes,
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which remain empirical, are essential, and the
main goal of adaptive breeding is to study and
consider the interaction between genotype and
environment [1-2].

This interaction is defined as a share of
the phenotypic variability that results from the
mismatch of genetic and non-genetic effects.
When the varieties are tested under different
weather conditions, the response rate of geno-
type to the environment varies. This interaction
complicates the work of the breeder, especially
in the initial steps of breeding, as selection in
some conditions does not ensure the superiority
of the variety in others [3].
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Domestic and foreign scientists have es-
tablished that the genotype-environment interac-
tion is a general biological phenomenon, which
is statistically expressed in the additivity of
genotype and environment effects [4-8].

The proposed biometric approaches for
assessing the genotype-environment interaction
during variety trials in different years, although
they have real biological significance, but the
information on phenotypic variance can be ap-
plied only to the group of genotypes under
study.

The concepts of stability and plasticity are
interpreted differently in the scientific literature,
which complicates the assessment of these para-
meters and their use in selection. Plasticity is the
ability of a genotype to adapt to different envi-
ronmental conditions, while stability is the ab-
sence of plasticity. Stability in the agronomic
context does not mean general phenotypic sta-
bility under different environmental conditions,
but refers to valuable economic traits, especially
yield, grain quality, and the duration of the
growing season. A number of assessment me-
thods for environmental stability is based on
regression analysis. If the regression coefficient
is higher than 1, the variety is highly susceptible
to environmental changes (below average stabi-
lity), if it is close to 1, the variety is unstable to
the environment, if the regression coefficient is
lower than 1, the stability is above average, and
in case of absolute phenotypic stability, the re-
gression coefficient is zero. A variety with high
overall adaptive capacity, maximum vyield po-
tential under the most favourable conditions and
maximum phenotypic stability is considered
ideal. Given modern cultivation technologies
and the growth of potential yields of varieties,
the harvest volume and quality largely depend
on unregulated environmental factors, which
contribute to 70-80 % of yield variability over
the years, even under intensive cultivation tech-
nologies. It should be noted that the less favour-
able climatic conditions and higher potential
productivity of varieties, the less their diffe-
rences in the absolute value of limiting factors
(such as air temperature, soil moisture, etc.) af-
fect the yield of soft winter wheat [1, 9].

The priority of variety adaptability, espe-
cially under unfavourable growing conditions, is
related to the fact that the potential yield can be
realised only if it is ‘protected’ by resistance to
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both biotic and abiotic factors. Moreover, the
adaptability of varieties under adverse climatic
conditions plays a greater role in the realisation
of their productivity.

Ecological plant breeding should be con-
sidered as a real and effective method for mini-
mising the adverse effects of climate change.
An adaptive variety is plastic, i.e. adapted to
external environmental factors. Specific adap-
tive genotypes need to be developed in condi-
tions similar to those in which the variety is
planned to be grown. Adaptation of varieties to
specific agro-ecological conditions ensures
maximum realisation of their genetic potential,
which allows producers to obtain high economic
benefits from their implementation using mod-
ern technologies [9-10].

The linear relationship between yield and
environmental conditions allows us to predict
the behaviour of varieties with different rates of
response to changing environmental conditions.

Research was aimed at comparing varie-
ties and hybrid combinations of soft winter
wheat under changing growing conditions.

Materials and Methods. The research
was conducted on the experimental field of the
Educational and Research Centre of Dnipro
State Agrarian and Economic University for
2018-2023. The predecessor was black fallow.
Agrotechnological practices corresponded to the
cultivation technology of soft winter wheat. The
research material was ten hybrid combinations
and varieties-standards Yednist, Podolianka.
The area of the registration plot was 10 m?; the
experiment was repeated three times. Sowing
was carried out with a SN-16 seeder, harvesting
with Sampo 130 harvester. Generally accepted
domestic and foreign methods were used to
characterise the genotype-environment interac-
tion and differentiate varieties by yield. We de-
termined the following indicators: dx — envi-
ronment effect; 63(GxE)e — variety— environ-
ment interaction; 6?pcc — differentiating capaci-
ty of environment, Le — linearity factor, Sex —
relative differentiating capacity of environment,
Kek — factor of compensation —destabilisation.
The ecological plasticity was determined by the
methodology of the Yuriev Crop Production
Institute in accordance with the OSGE applica-
tion package Elite Systems gr. [11-13].

Given the contrasting meteorological con-
ditions during the years of research, the growing
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season 2017/2018 was optimal for the growth 638 mm, which is 98 mm more than the long-
and development of winter soft wheat plants term average. Precipitation in March was 99 mm

(Fig. 1, 2). The annual precipitation totalled above the long-term average.
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Fig. 1. Air temperature average for years of research, °C, (2018-2023).
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Fig. 2. Monthly precipitation for years of research, mm, (2018-2023).

The 2018/2019 growing season of soft the development of the crop and the formation
winter wheat was heterogeneous in terms of of the harvest. The spring was early and warm,
weather conditions, which significantly affected which contributed to the rapid growth resump-
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tion of wheat. The summer was dry and hot,
which resulted in faster grain ripening. Precipi-
tation was insufficient to provide plants with
moisture during the critical development stages
- heading and grain filling. In 2019/2020, the
growing season was characterised by dry condi-
tions. In autumn, the effective temperature sum
was 384.0 °C, total precipitation was 35.3 mm,
in spring and summer — 1433.4 °C and 151.4 mm,
and for the entire growing season — 1817.4 °C
and 186.7 mm, respectively. In 2020/2021, the
pre-sowing and post-sowing periods were cha-
racterised by drought, with favourable hydro-
thermal conditions in October and November,
which subsequently had a positive impact on
overwintering. Following the spring growth re-
sumption of soft winter wheat, favourable
weather conditions prevailed for plant growth
and development. The average temperature in
April was 9.3 °C, and in May it was 16.4 °C,
which is close to the long-term average. The
total precipitation for the period was 64.3 mm.
Heavy precipitations in June and July had a
negative impact on plant growth and develop-
ment. The total precipitation for this period was
271 mm (161 mm above the long-term average).
The average air temperature in June was 20.2°C
(2.5°C less than the long-term average), and in
July it was 22.9 °C (2.4 °C above the long-term
average). In 2021/2022, weather conditions during
the sowing period were cool and dry. In Sep-
tember, the average monthly air temperature
was 15.8°C, which is 0.3°C less than the long-
term average, the effective temperature sum was
410.3°C, and the total precipitation was
17.6 mm (15.4 mm less than the long-term
average).

The winter period was favourable in terms
of hydrothermal conditions for winter wheat
overwintering. The prolonged cool spring had a
negative impact on the development of crops.
During the spring growing season, the condi-
tions for winter wheat were optimal for its
growth and development. In May, the average
monthly air temperature was 15.4°C, the effec-
tive temperature sum was 464.6°C, and the total
precipitation was 66.7 mm (9.7 mm above the
long-term average). In June, the average month-
ly air temperature was 22.2 °C, and the total
precipitation was 20.4 mm (28.6 mm less than
the long-term average).

Results and Discussion. The selection of
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a variety should be determined by the limiting
factors of its growing environment and the ma-
terial condition of production. The selection cri-
terion should be the specific adaptation of the
genotype to stressful conditions and, especially,
to the local type of drought (Table 1).

Over the years of research, the highest
yields were achieved by hybrid combinations
15-360 (9.12 t/ha), 15-442 (9.10 t/ha) and the
standard variety Podolianka (9.07 t/ha). The
most productive year was 2020, with a yield of
9.12 t/ha. The difference between the maximum
and minimum yields — the range of variation (R)
characterises the stability in yields of a particu-
lar genotype. The lower value of variation and,
consequently, higher adaptability was observed
in hybrid combinations HK 15-145 R — 2.95,
HK 15-256 — 3.33, HK 15-383 — 3.24 and the
standard variety Podolianka — 3.20.

Analysis of variance shows a significant
share of environmental conditions (85.7 %) in
the variability (Table 2). Genotypes, hybrid
combinations and their interaction with the en-
vironment had significantly lower, but signifi-
cant effects of 1.6 % and 12.7 %, respectively.

It was found that environments and geno-
types had different values of statistical parame-
ters during the studies, which contributed to the
ranking and selection of promising winter wheat
lines.

Indicators of environmental effects allow
determining adaptability in specific environ-
ments, i.e., yields can be stable with the mani-
festation of genetic characteristics in the pre-
sented set of hybrid combinations and varieties-
standards Yednist and Podolianka. For addition-
nal information, we determined the effects and
interaction of factors, as well as the response of
the varieties (Table 3).

The set of interaction effects of the factors
characterises their variability. The best growing
season conditions were observed in 2019, 2020
and 2023 (the effects of factor B were 0.81, 1.96
and 0.39, respectively).

In adaptive plant breeding, there are not
enough values of the quantitative yield trait
component for a complete and objective charac-
terisation of hybrid combinations. Therefore,
constant evaluation of the trait response in the
genotype-environment interaction is crucial.

In the studies performed, differentiation of
yields was observed in uncontrolled weather
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Table 1. Yields of varieties and hybrid combinations, t/ha, 2018-2023

Variety, Reference Years _ .
hybrid combination name 2018 | 2019 | 2020 | 2021 | 2022 2023 > * max | min R

Yednist (standard) 4.83 7.40 7.88 4.68 6.20 7.31 38.3 638 | 7.88 | 4.68 | 3.20
Podolianka (standard) 4.99 7.50 9.07 5.23 5.93 7.43 40.15 | 6.69 | 9.07 | 488 | 4.08
Yednist/ Smuhlianka | HK 15-383 513 7.00 8.37 6.00 6.30 7.00 30.60 | 6.60 | 837 | 513 | 3.24
Podolianka / Zemliachka | HK 15-305 4.18 7.30 8.63 5.96 6.39 7.31 30.77 | 6.62 | 863 | 418 | 445
Yednist / HK 25 HK 15-360 4.40 7.70 9.12 6.50 7.07 6.96 4175 | 695 | 912 | 440 | 472
Yednist / Korysna HK 15-256 5.43 7.30 8.15 4.82 6.20 6.92 3882 | 647 | 815 | 482 | 3.33
Yednist / Zolotokolosa | HK 15-426 4.61 7.50 8.70 4.92 6.76 7.01 3050 | 658 | 8.70 | 461 | 4.09
Hoduvalnytsia / Yednist | HK 15-309 3.78 7.40 8.86 5.03 6.36 7.34 38.77 | 6.46 | 886 | 3.78 | 5.08
HK 25 / Spivanka HK 15-442 4.66 7.80 9.40 5.73 6.76 7.33 4138 | 689 | 9.10 | 573 | 337
HK 25 / Spivanka HK 15-145 5.87 7.60 8.22 6.26 6.36 6.74 4045 | 6.74 | 822 | 527 | 295
Podolianka / Zemliachka | HK 15-291 5.23 7.58 8.78 6.21 6.81 6.71 4132 | 689 | 878 | 523 | 355
Podolianka / Zemliachka | HK 15-393 4.83 7.70 8.70 5.72 6.56 6.70 4021 | 6.70 | 870 | 483 | 387
LSDos, t/ha 0.41 0.52 0.51 0.43 0.53 0.35

5 5739 | 89.72 | 10358 | 67.06 | 77.70 | 8476 | 480.13 | 79.97

% 4.78 7.47 8.63 5.58 6.47 7.06 40.00 | 6.66

max 5.43 7.80 9.12 6.50 7.07 7.43

min 418 7.40 7.88 4.92 5.93 6.70

R 1.25 0.40 1.24 1.58 1.14 0.73
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Table 2. Proportion of factors influencing yield variability, 2018-2023

Factor Mean square Proportion of impact

Varieties (A) 75.87 1.6

Environment (B) 8732.53 85.7

Interaction (A x B) 35.41 12.7

Deviation P < 0.05 4.81
Table 3. Factor effects and genotype-environment interaction
Variety, Effect of Effect of |r:;[aerr:ct|on AB Regression
hybrid combination factor A . coefficient
2018 | 2019 | 2020 | 2021 | 2022 | 2023 bi
Yednist (standard) -0.28 0.05 | -0.07 | -0.75 | -0.90 | -0.27 | 0.25 0.96
Podolianka (standard) 0.03 0.21 003 044 | 035 | -0.54 | 0.37 1.09
HK 15-383 -0.06 035 | 047 | -0.26 | 042 | -0.17 | -0.06 1.23
HK 15-305 -0.04 -0.60 | -0.17 | 0.00 0.38 | -0.08 | 0.25 1.08
HK 15-360 0.30 -0.36 | 0.23 0.49 0.92 0.60 | -0.10 1.08
HK 15-256 -0.19 065 | -0.17 | -0.48 | -0.76 | -0.27 | -0.14 1.09
HK 15-426 -0.02 -0.17 | 0.03 0.07 | -0.66 | 0.29 | -0.05 1.23
HK 15-309 -0.20 -1.00 | -0.07 | 0.23 | -0.55 | -0.11 | 0.28 1.38
HK 15-442 0.23 -0.12 | 0.33 0.77 0.15 | 0.29- | 0.27 1.20
HK 15-145 0.08 1.09 0.13 | -041 | 0.68 0.11 | -0.33 0.75
HK 15-291 0.23 0.45 0.11 0.15 0.63 0.34 | -0.35 0.86
HK 15-393 0.04 0.05 | -0.27 | 0.07 0.14 0.09 | -0.36 1.00
Effect of factor B -1.88 | 0.81 196 | -1.08 | -0.19 | 0.39

conditions of the growing season. By year, the
maximum average Yield of soft winter wheat was
9.12 t/ha in 2020, and the minimum yield was
4.18 t/ha in 2018. With an average yield of
6.66 t/ha, the maximum yield was 9.10 t/ha for
genotype 15-442, and the minimum vyield was
3.78 t/ha for genotype 15-309. In 2018-2023,
the average yield in all environments does not
fully demonstrate the adaptability of genotypes,
but indicates the response rate of particular
cultivars.

The response of genotypes to growing
conditions in favourable years indicates the po-
tential for productivity, and in unfavourable
years — their adaptability to insufficient and un-
stable moisture conditions. Under such conditi-
ons, maximum yield potential was realised by the
genotypes: 15-383 — 8.37 t/ha, 15-259 — 8.15 t/ha,
15-442 — 9.10 t/ha, 15-145 — 8.22 t/ha, 15-291 —
8.78 t/ha, 15-393 — 8.70 t/ha, and the standard
variety Yednist — 7.89 t/ha.

The regression coefficient (b;) of the yield
of soft winter wheat cultivars shows the res-
ponse to changes in growing conditions, with a
value higher or lower than 1 or equal to it. Ac-
cording to this indicator, the wheat cultivars
were divided into three groups: 1) low plasticity
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of cultivars (b; > 1), which respond significantly
to environmental conditions — standard variety
Podolianka (1.09), 15-383 (1.23), 15-305 (1.08),
15-360 (1.08), 15-256 (1.09), 15-426 (1.23), 15-
309 (1.38), 15-442 (1.20); 2) homeostatic culti-
vars (b; < 1) have a weak reaction to changes in
environmental conditions and the best adapta-
tion to adverse conditions — variety-standard
Yednist (bi = 0.96), 15-291 (bi = 0.86), 15-145
(bi = 0.75); 3) medium plasticity (b; = 1) — hyb-
rid combination 15-393.

All environments are intended to simulate
a diversity of unpredictable and predictable
growing conditions in the region for which the
selection is being made, as well as to provide an
opportunity to analyse and optimise its parame-
ters. Ecological and genetic information on the
genotype-environment interaction increases the
quality and efficiency of crop breeding (Table 4).

In 2019, the highest differentiating capaci-
ty of environment was 0.48 with a high com-
pensation coefficient of 2.28, which characteris-
es the environment as analysing, i.e. it helps to
identify the best genotypes. The linearity factors
were 0.71 in 2018, 0.27 in 2021, and 0.24 in
2022, indicating a suppressive effect of the en-
vironment that levels the yield trait of soft win-
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Table 4. Environmental parameters as background for evaluation of soft winter wheat genotypes

dk 52DCC Lek Sek Kek
Year 1 3 4 5 6
2018 -0.81 0.12 0.71 9.87 0.46
2019 0.93 0.48 0.26 11.75 2.28
2020 6.22 0.71 0.29 14.43 1.36
2021 -0.28 0.43 0.27 14.13 2.17
2022 -0.37 0.28 0.24 11.63 1.36
2023 1.51 0.21 0.19 7.15 1.03

Note: dy — environment effect; 6%cc — differentiating capacity of the environment; L, — linearity factor; Se —
relative differentiating capacity of the environment; K — compensation-destabilisation factor.

ter wheat. The conditions of 2020 and 2023 with
low compensation coefficients of 1.36 and 1.03,
respectively, when no yield variability was ob-
served, were determined as a stabilising envi-
ronment.

According to the obtained environmental
parameters, we characterise the conditions of
2018, 2021 and 2022 as levelling, 2020 and
2023 as stabilising, and 2019 as analysing.

Conclusions

1. Variability of soft winter wheat yield
significantly depends on environmental condi-
tions in a particular period of growing season
with low significant effects of genotypes.

2. Varieties and hybrid combinations
should be continuously evaluated to determine
their adaptive potential.

3. Average yields indicate the response rate
of genotypes on environment and their plasticity.
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Axmyansnicms. CydacHy CUCTEMY CEJIEKLii POCIUH CIi PO3TIIAAAaTH B SIKOCTI PeaibHOro Ta edekx-
THBHOTO 3aco0y, M0 JTa€ 3MOTY MiHIMI3yBaTH HECHPHUSATIMBI HACHITKHA 3MIHH KIiMaTy. AJaNTHBHAN COPT
€KOJIOT1YHO MJIACTUYHHUH, MPUCTOCOBAHUM 10 OI0TMYHUX Ta a0iOTMUHMX YMHHUKIB. CTBOpHUTH cnennQivHi
aJlanTHBHI TeHOTHUITM MOXKIIMBO B YMOBaX, MOAIOHUX JIO THX, Y SIKUX COPT BHPOLIYBaTUMYTh. AJpecHa aaarl-
Tallisi COPTIB 10 KOHKPETHHUX arpoeKOJIOTIYHUX YMOB, /¢ BOHH MaKCUMAIIbHO Pealli3yIoTh CBilf T€HETHIHUI
MOTEHIIia], a BUPOOHWMYHUKH, SIKi 3aCTOCOBYIOTh CY4acHI TEXHOJOTi, 3MOKyTh OTPUMYBAaTH BUCOKI MPHOYT-
KM BiJ ix BrpoBa/pkeHHs. Meta. [lopiBHSHHS COPTIB i TiOpUIHUX KOMOIHAIM MIIEHUII M’SKOI 03UMOi B
MIHJIMBUX yMOBax Bererariii. Martepiaau i metoan. B gocmimkeHHSX, MPOBENSHUX Y CiBO3MiHI Kadeapu
cenekmii i HacimaunTBa [IJIAEY Brpomomx 2018-2023 pp., Bu3Havanu agantuBHUil pecypc 10 ridpuaamx
KOMOIHaIi TIICHUI[I M’ SIKOi 03UMOi Ta copTu-cTaHmaptd €anicte i [logonsuka. PesyabraTn. Crio-
cTepiraeThes nudepeHiiaiis BpoKaliHOCTI MIIEHUI M’SKOT 03UMOi B HEPETYJIbOBAaHUX MOTOAHHMX YMOBax
BereTairii. 3a poOKaMH JOCIHIHPKEHb MaKCUMalIbHa BPOXKaiHICTh BiamideHa y 2020 p. — 9,12 1/ra, miHiMaapHa
— 4,18 /ra —y 2018 p. 3a cepeanboi BpokaitHOCTI Mo copTax (6,66 T/ra) MakcHMallbHa OTPUMaHa y TEHOTH-
ny 15-442 — 9,10 1/ra, a miniManbHa — y reHotuny 15-309 — 3,78 1/ra. [Toka3zHuKH cepeaHbOI BPOXKAHHOCTI B
ycix cepemopumax 3a 2018-2023 pp. He TOBHOIO MipOIO BiOOPaXaroTh iX alaNTHBHICTH, TOMY IO yCIIaI-
KOBYETHCS HE BEJIMYMHA KOHKPETHOI O3HAKH, a BPOXKaWHICTh — 1€ MOJIreHHA O3HaKa, sika BKa3ye HOPMY
peaxiiii KOHKPETHOTO COpTo3pa3ka. BUCHOBKH. MIiHIUBICTh YPOKAMHOCTI 3HAYHOIO MIpOIO 3aJICKUTh Bij
YMOB CepeIOBHUIIa B KOHKPETHUH TIepio/ BereTallii Ipyu HU3bKUX JOCTOBIpHUX eeKTax reHOTHIiB. Bemnmyau-
Ha CepeIHbOI YpOXKalHOCTI BifloOpakae HOPMY peakilii TeHOTHITIB Ta BKa3ye€ Ha X MIaCTHYHICTh. Peaxiris
COPTO3pa3KiB IMIIEHUIII M’SKOI 03UMOi y CHPUSATIMBI POKH CBITYHTH MPO MPOAYKTUBHUI MOTEHIAN, a B
HECTIPUSITIMBI — MPO IX MPUCTOCOBAHICTh a00 aJaNTHBHUN Pecypc IeHOTHITB JI0 YMOB HECTIHKOTO 3BOJIO-
’KEeHHsI. 3a TaKMX YMOB MaKCHMAJIbHO PEali3yIOTh YPOKaiHUI MOTEHIIiaT TeHOTHITH MIIEHHIT M’ SIKOT 03UMOT:
15-383 — 8,37 1/ra, 15-259 — 8,15 1/ra, 15-442 — 9,10 1/ra, 15-145 — 8,22 1/ra, 15-291 — 8,78 1/Ta, 15-393 —
8,70 1/ra, a Takox copT-cTaHAapT €aHicTh — 7,89 T/ra. 3a 3HaUeHHAM KoedillieHTa perpecii BUIIIEHO TeHO-
TUTIM 33 PEaKIli€l0 Ha CEepelOBHINE: 3HAYHO pearyroTh copT-ctanmapt llogomnsaka,l15-383, 15-705, 15-330,
15-256, 15-426, 15-309 i 15-442, cnabka peakiiisi — copT-cTannapt €uHicth, 15-291, 15-145.
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