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ANALYSIS OF PHYSIOLOGICAL MECHANISMS OF ADAPTATION AND RESISTANCE
OF WINTER WHEAT ACCESSIONS OF DIFFERENT GEOGRAPHICAL ORIGINS
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The article presents a literature review of methods analyzing the role of morphological
traits and physiological responses to climatic changes. The article covers results on 318 winter
wheat accessions of different eco-geographical origins from 27 countries described by a set of
morphological traits and physiological responses to environmental conditions of the Left-Bank
Forest-Steppe of Ukraine in 2020-2021 and 2021-2022.

Key words: winter bread wheat, starting material, adaptation, morphological trait.

Introduction. Winter wheat (77iticum aestivum L.) is a critically important component of
the global food system, providing a significant part of the world's food supply and contributing to
food security in many regions [1]. Since the implementation of the Green Revolution
achievements in production, the winter wheat yield has increased 2- to 4-fold, depending on
cultivation regions. Today, its yield can amount to 120 t/ha under favorable environmental
conditions and with state-of-art farming techniques [2]. However, high-yielding wheat varieties
are less able to maintain homeostasis than highly adaptable varieties, especially when grown at
drought [3], high temperatures [4], low temperatures [5] and significant disease development [6].

In Ukraine, reduced precipitation and the efficiency of its use by plants is particularly
critical with regard to wheat yield losses. The average annual precipitation (for the period of
1961-1990) in Ukraine is 578 mm, whereas 700 mm and more are required for sustainable
agriculture. The territory of Ukraine is mostly a risky agriculture zone (in particular, where winter
wheat occupies large areas). In addition, the steppe area (zone of unstable moisture and elevated
temperature) tends to enlarge. Analysis of trends in climatic changes in recent years in Europe
makes it possible to assume that the weather in the cereal-growing zone of Ukraine is a future
scenario that is possible in Eastern and Central European countries, which currently have
favorable conditions for winter wheat growing [7].

Literature review. Today, studies of adaptation and resistance to adverse environmental
factors are conducted towards adapting wheat phenology to climatic changes [8] as well as
towards increasing photosynthetic activity [9] and efficiency of moisture [10] and fertilizer [11]
use. However, research into resistance to adverse environmental conditions and regeneration rate
after stressor action is of the greatest interest [12].

Winter wheat is a highly adaptable crop; it is grown in a wide range of environments due
to diversity of genes that are responsible for phenological phases [13]. Wheat phenology and
physiology allows it to counteract negative environmental phenomena by changing lenghts of
development phases in accordance with changes in environmental conditions [14, 15].
Productivity features is expressed precisely in association with resistance of wheat plants to
negative environmental factors [16, 17].

Elucidation of mechanisms of plant resistance to extreme temperatures in recent decades
has become one of the most urgent problems of plant physiology [18] and agriculture [19]. Genes
and gene complexes of resistance to extreme temperatures, their expression and inheritance,
which form metabolic and biochemical pathways of adaptation, are studied in breeding [20,21].
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Vernalization (Vrn), photoperiod (Ppd), dwarfism (Rht), and disease resistance genes
have major effects on developmental phases and, in general, on adaptation to a new cultivation
site with conditions differing from those in the origin location of a genotype. It was established
that genotypes with long vernalization and low photoperiod sensitivity are most suitable for the
Left Bank Forest-Steppe of Ukraine [22]. Such combination ensures high winter hardiness and
freezing tolerance, as well as rapid growth and development of plants in spring, so plants will
have time to set seeds before drought and high temperatures.

Knowledge of physiological responses of different morphobiotypes to changes in growing
conditions, their expression and inheritance is a basis for targeted breeding of valuable winter
wheat genotypes upon climatic changes [15].

The coefficients of environmental plasticity and stability are classic methods to determine
adaptability [23], followed by visually evaluated and laboratory tested morphological and
physiological traits of collection winter wheat accessions, as such assessments are becoming
widespread [24].

Use of wheat accessions of different geographical and genetic origins, which have
specific morphological features and physiological responses to stressors, is important in
increasing the genetic diversity, adaptability and resilience [25, 26].

For local breeding programs, traits that are statistically significantly related to
productivity are markers of adaptation to specific conditions and can be determined directly in the
field or by simple laboratory tests that do not require high financial costs; these traits are of great
importance.

Characteristics that determine resistance to adverse conditions during germination and
overwintering include a large kernel and a long coleoptile; rapid root growth in the initial phases;
rapid growth of secondary roots; rapid accumulation of sugars; high or medium freezing
tolerance and high winter hardiness in the field; regenerative capacity of plants [27].

If we summarize publications on basic morphological traits that ensure resistance to high
temperatures and drought, they are as follows [28, 29, 30]: seed germination and energy of
germination; long coleoptile; high percentage of plant coverage of the ground surface; high
absorption capacity of the root system; presence of wax coating; pubescence of leaves; ability to
twist leaves to reduce transpiration; early earing and flowering; large leaf and flag leaf surfaces;
moderate height of plants; increased amount of chloroplasts (light-green color); stay-green
character of the upper internode and flag leaf during the grain filling period; stem thickness, stem
filling in the full ripeness phase (remobilization of substances).

Our purpose was to analyze the role of morphological traits and physiological responses
to the conditions in the Left-Bank Forest-Steppe of Ukraine by investigating a large assortment of
winter wheat collection accessions and identifying valuable accessions to involve them in
breeding.

Materials and methods. This work is a continuation of the genetic diversity study on
winter wheat accessions of different origins, the results of which were published earlier [31]. In
total, 318 accessions of various ecological, geographical and genetic origins from 27 countries
worldwide were studied. To comprehensively represent the Ukrainian genetic diversity, 145
varieties and lines bred in different years from all research-breeding institutions of Ukraine were
included. The study accessions were grouped according to their geographical origins: Central and
Western Europe - Austria (4 accessions), Bulgaria (4), the Czech Republic (7), Germany (30),
France (15), Great Britain (2), Hungary (5), the Netherlands (2), Poland (2); Northern Europe -
Estonia (7), Latvia (1), Sweden (2); Southeast Europe — Serbia (1), Croatia (2), Romania (9);
Southern Europe — Turkey (37); Eastern Europe — Russia (17), Belarus (1); North America —
USA (14), Canada (1); South America — Mexico (2): Central Asia - Azerbaijan (2); Kazakhstan
(1), Tajikistan (1); Western Asia — Saudi Arabia (1), Iran (3). By genetic origin, the accessions
belonged to the following subspecies: Triticum aesivum L: var. erythrospermum; var. lutescens;
var. ferrugineum Al; var.album; var.milturum; var. nigro-aristatum; subs. spelt.
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The study was conducted in the experimental field of the collection nursery of Poltava
State Agrarian University (soil-climatic zone — Eastern Left-Bank Forest-Steppe of Ukraine; the
Vorskla River valley) in 2020-2021 and 2021-2022.

The weather in 2020-2021 and 2021-2022 was not favorable for assessing drought
resistance of accessions during the generative phase. The winter weather conditions was
generally favorable for winter rest of winter wheat plants; in the both growing years, there were
frosts down to -15°C with a thin snow cover, which enables evaluating the genotypes for
resistance to low temperatures by damage to leaves. Characterizing the weather in the study years
(2020 — 2022), we should note that the average annual air temperature was +11.2°C in 2020-2021
and +10.1°C in the 2021-2022. A clear upward trend in the average annual temperature is traced.
February was the coldest month in comparison with the long-term average. The precipitation
amount was 549 mm and 515 mm in 2020-2021 and 2021-2022, respectively. On November 12,
2020, winter wheat plants stopped autumn vegetation, which turned out to be 10 days earlier than
the average multi-year data. The winter seemed to be relatively favorable for overwintering.
Plants restarted active vegetation on March 28, 2021. On November 9, 2021, winter wheat
varieties stopped active autumn vegetation, which turned out to be 13 days earlier than the
average multi-year data. In the spring, the vegetation recovery was recorded on April 2, 2022.

The following parameters were evaluated in the field and in the laboratory: 1) the pre-
overwintering state of plants (9-point scale, where 1 point is weak tillering and low intensity of
growth; 9 points is rapid growth of vegetation mass); 2) winter hardiness (9-point scale, where 1
point is complete or partial death of plants; 9 points is complete survival of plants); 3) plant
regeneration rate in the spring (9-point scale, where 1 point is weak performance and low growth
intensity; 9 points is rapid growth); 4) earing time (the number of days after January 1); 5)
damage by foliar diseases (as percentage of affected vegetative parts of plants and resistance
score on a 9-point scale). Morphological characteristics was also assessed: flag leaf width (cm),
wax coating intensity (1 point — light-green vegetative organs; 9 points — dark-gray); stem
thickness in the upper internode; plant height (cm). The above parameters were visually assessed
in accordance with distinction, uniformity and stability tests on common wheat (7riticum
aestivum L.) varieties recommended by UPOV and the State Service [32], physiological methods
in breeding used in CIMMYT [33] and methods of wheat breeding for winter hardiness [34].

Results and discussion. In the soil and climatic conditions of the Left-Bank Ukraine,
significant variations in all the studied features characterizing resistance of plants to biotic and
abiotic factors of the environment (growth rate in autumn, field winter hardiness, plant
regeneration rate in spring, field resistance to diseases, lodging resistance) were recorded.

Table 1 summarizes basic statistical data on the accessions evaluated for physiological
characteristics by study years.

Table 1
Basic statistic data on all wheat genotypes

Trait Year Mean Min Max Coefficient of
variation, %

Autumn growth intensity ~ 2021-2022 5.0 2 8 21.7
score

Field winter hardiness score 2020-2021 6.1 1 9 27.3

2021-2022 5.3 1 8 26.4

Spring growth intensity 2021-2022 5.7 1 9 26.6
score

Days from January 1 to the 2020-2021 157.3 149 171 2.9

earing date 2021-2022  155.1 148 166 2.2

Field resistance to Sepforia 2020-2021 5.7 1 9 36.8

Spp. score 2021-2022 7.0 2 9 19.5

Lodging resistance score ~ 2021-2022 8.3 3 9 14.1
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Comparing the study years, we should note that the overwintering conditions in 2021—
2022 were harsher than in 2020-2021. The average field winter hardiness score was lower than
the previous year. On the contrary, the earing onset date in 2022 was earlier than in 2021, which
can be explained by warmer and drier conditions in the spring. The average field resistance to
Septoria spp. in 2022 was higher, although other foliar diseases were more prevalent.

Autumn growth intensity. The growth rate in the (increase in vegetative mass and, as a
result, accumulation of stress-protective substances) determines subsequent resistance of a
genotype to adverse overwintering conditions. The weather in the 2021-2022 growing season
contributed to an extended growth period, which enabled evaluating the accessions by growth
intensity at the initial stages.

Most of the accessions (215 or 68%) showed a medium intensity of growth (5-6 points)
and entered the winter in the state of 5—7 leaves. Eighty-eight accessions (27%) showed a low
intensity of growth (3—5 leaves) at the initial stages, which generally affected their further
overwintering. The following accessions showed a high intensity of growth (7-10 leaves): Oberih
Myronivskyi (Ukraine) and Andrada (Romania) (8 points); Lira Odeska, Oktava Odeska,
Ferrugeneum 351, Bilotserkivska 153, Podolska 1 (Ukraine), Turkuaz (Azerbaijan), Katarina
(Romania), Florencia, Bernstein (Germany) varieties and T67/X84W063-9-45//Karl92/3
(Turkey), RL6043/4*Nac//Pastor/3/Babach (Mexico), Bezostayal/Ae.cylindrica (Kazakhstan)
lines (7 points).

The growth intensity in the initial stages is important in relation to plant hardening and
preparing for overwintering. Active tillering contributes to an increase in the photosynthetic
surface of plants and accumulation of macronutrients. Taking into account the weather conditions
during the sowing periods of recent years (dry and cool autumns), the ability of plants to grow
quickly gives great advantages in terms of further seed productivity. In addition, high intensity of
growth at the initial stages of plant development is a marker of low or neutral photoperiod
sensitivity, which is important under climatic changes.

Winter hardiness. Winter resistance includes a complex of resistances to adverse weather
conditions in winter. Recent climatic changes have increased the number of undesirable weather
phenomena, including thin snow cover, frequent thaws and temperature fluctuations. Low
photoperiod sensitivity and long vernalization play an important role in winter hardiness of
plants. Freezing tolerance is a critically important trait for overwintering, but the greatest losses
are caused by unpredictable combinations of factors, such as snow and ice crust, winter duration,
light mode, freeze-thaw cycles, diseases, insects, which greatly complicate selection of resistant
lines in the field. We assessed the condition of plants after overwintering, i.e. survival with due
account for all the adverse factors of overwintering.

The weather in the both study years was generally favorable for winter wheat
overwintering. It is noteworthy that the overwintering conditions in 2021-2022 were somewhat
harsher; wheat plants were more exhausted because of sudden temperature rises and drops.

In 2020-2021, 24 accessions (about 10% of the total number) showed low winter
hardiness (1-3 points), 96 accessions (40%) — medium winter hardiness (4—6 points) and 116
accessions — high winter hardiness (7-9 points). Of them, accessions that received 9 points stood
out: breeding lines of Poltava State Agrarian University and Ustymivka Experimental Station,
Tsarychanka, Kyivska 17 (Ukraine), Vekha (Russia), Ruske (Estonia) varieties. In 2021-2022, the
following accessions had 8 points (high winter hardiness): Lira Odeska, Oberih Myronivskyi,
Ferrugeneum 351, Natalka, Lehenda Myronivska, Bunchuk, Dykanka, PS Tashan (Ukraine),
Turkuaz (Azerbaijan), Andrada (Romania) and NE10507 (USA). In 2021-2022, no genotype
received 9 points (very high winter hardiness) because of exhaustion of plants during winter
dormancy. One hundred and four genotypes showed low field winter hardiness, and 60 genotypes
- high (7 points) winter resistance.

Complete death of plants after overwintering was recorded for the Renan (France) variety.

Ukrainian varieties and in particular breeding material of Poltava State Agrarian
University demonstrated the highest winter hardiness with medium to high growth intensity in
autumn under the harsh conditions of overwintering in 2021-2022.
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A Romanian variety, Andrada, should be distinguished, as it showed sufficiently high
winter hardiness in the two study years, as well as good regeneration in spring. Search for such
accessions is an important objective in testing varieties of different origins.

Summing up, we can conclude that the highest number of highly winter-hardy accessions
(7-9 points) over the two study years was recorded among accessions from Ukraine, USA,
Estonia.

Spring growth intensity. Vegetative growth intensity after spring vegetation renewal
depends on physiological characteristics of a genotype (winter hardiness and photoperiod
sensitivity) and on environmental factors (soil and air temperature, moisture). Vegetative growth
intensity in spring (tillering intensity and rate of transition to the generative phase) indicates how
adaptable the genotype is to environmental conditions and how big yield is going to be harvested.
Genotypes that can quickly reinstate growth after adverse overwintering conditions are of
particular importance.

Thirty-two of the studied accessions (10%) had low regenerative capacity (1-3 points),
169 accessions — medium (4—6 points), and 118 accessions — high (7-9 points). The highest
regenerative capacity was recorded for Ferrugeneum 351 (Ukraine) and T67 (Turkey).

The growth intensity in the autumn and spring periods was found to be closely correlated
with winter hardiness. The correlation coefficient (r) between the field winter hardiness and
autumn growth intensity was 0.653, while r =0.835 for the “field winter hardiness — spring
regeneration ability” correlation.

Accessions that combine high winter hardiness in the field and high regeneration ability in
spring, especially under arid conditions, are of high value in breeding for adaptability to climatic
changes. Such accessions included both Ukrainian varieties (Lira Odeska, Oberih Myronivskyi,
Dykanka) and foreign varieties (Turkuaz (Azerbaijan), Andrada (Romania)). In addition, the
following accessions showed increased winter hardiness (7-8 points) and good regeneration in the
spring (8-9 points): Oktava Odeska, Harantiia Odeska, Natalka, Zolotava Nosivska, Lehenda
Myronivska, Bunchuk, Orzytsia Nova, PS Tashan (Ukraine), T67/ X84W063-9-45//Karl92/3
(Turkey), AR800-1-3-1/NW97S320, and NE10507 (USA).

Earing date. Earing date is an important physiological marker that indicates both
suitability of a genotype for growing conditions (corresponding ripeness group) and signs of
photoperiod sensitivity. Wheat anthesis length is determined by growing period; it is when plants
transit from nutrient consumption to nutrient accumulation; finally it influences seed yield and
productivity traits.

The earing date varied from May 29 to June 20 in 2021 and from May 27 to June 15 in
2022. The early-ripening group over the two study years mainly comprises Ukrainian, Turkish,
and Southern European varieties. In 2021, the earliest earing date (May 29) was intrinsic to the
following accessions: Monterei 2 and Podilska Niva (Ukraine); Donskaya Polukarlikovaya and
Grom (Russia); ATTILA/BABAX//PASTOR/4/TAST (Turkey); Bodycek (France); Daria
(Croatia); Seilar (Germany); NE 12443 (USA); and Amandus (Austria). In 2022, the earliest
earing date was recorded for Shestopalivka, Monterey 2, Plyska, Natalka, Buh, Ruta, 6180-06,
Orzytsia Nova (Ukraine); Felix (Romania); Isfara (Tajikistan);
OK82282/SNB//AGRI/NAC/3/SHA (Turkey); Mason/Jagger (USA); and Avenue (France).
Representatives of European breeding pool (Germany, Czech Republic, Austria) mainly belonged
to the late-ripening group. Of the Ukrainian varieties, Podilska Niva, which is close to the
European ecotype in its characteristics, had the latest earing phase onset.

There was a weak inverse correlation between the field winter hardiness and the earing
phase onset (r =-0.21).

Resistance to diseases. There were significant variations in damage to genotypes by
diseases: from complete absence of damage signs to 90% of affected plant parts. The greatest loss
of yield was caused by viral diseases. When considerably damaged, plants had no spikelets or
significantly lost productive stems. The Septoria tritici blotch prevailed in 2021, while in 2022
other leaf diseases (brown and yellow rusts) were predomimant.
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In 2021, German accessions (Patras, Centurion, Florencia, Tobak, Vilejka, Arctis, Oksal,
Mulan, Apertus, Estivus, and AR800-1-3-1/NW97S320 as well as GA951079-3-5/Neuse (USA)
were highly resistant to Septoria spp. (9 points). Of the Ukrainian accessions, Raihorodka,
Spivanka Poliska, Bohdana, Magnatka, Podilska Niva, and Kraievyd should be distinguished.

It should be noted that the Septoria tritici blotch intensity in 2022 was lower than in 2021.
In 2021-2022, 41 accessions were highly resistant to Septoria spp. (9 points). Among the
Ukrainian accessions, no Septoria tritici blotch symptoms was recorded in Spivanka Poliska,
Nadezhda, Halytska, Mahnatka, Kraievyd, Zenitka, Lelostanka 74, and Erythrospermum 7488.

Kraievyd, Mahnatka, Spivanka Poliska (Ukraine), Arctis (Germany), Apertus (Austria),
and AR800-1-3-1/NW97S320 (USA) were highly resistant over the two study years; hence they
can be classed as sources of resistance to Septoria spp.

No symptoms of viral diseases were recorded in most of the studied accessions. It should
be noted that, in the 2021-2022 conditions, there were more accessions had symptoms of viral
diseases. This can be explained by both temperature and post-overwintering weakening of plants.

Lodging resistance. The main factors related to lodging resistance include morphological
and anatomical characteristics of plants.

In 2022, plants were assessed for lodging resistance. The weather and late sowing did not
induce lodging, so most of the accessions (209) were highly resistant to lodging. Old Ukrainian
varieties showed low lodging resistance: Ferrugeneum 351, Krakov, Yurievka 676, Durabl,
Nadezhda, Erythrospermum 2704, Amerykanka, Tryumf Podolii. All accessions with low
lodging resistance had increased plant height (more than 100 cm).

Morphological traits that can be markers of resistance to high temperatures and drought
according to literature data were also evaluated. However, the weather in the study years did
favor assessments of resistance to high temperatures or drought.

Wax coating. Accessions with the greatest wax coating (8-9 points) were found in the
studied sample: Bernstein, Zeppelin, Oksal, Linus, Mulan, Cubus, KWS Ronin (Germany),
Apertus, Estivus (Austria), MV 29-98 (Hungary), Beauford (England), Azano (Sweden), Bezosta
1, Duplet (Russia), and Augustina (Belarus). Ukrainian accessions were characterized by light-
green color, so they are more adaptable to the sunlight duration and intensity.

Stem thickness. We selected accessions with increased thickness (2.5-3 cm) of the stem in
the upper internode site: lines Admis//Milan/Ducula (Mexico),
KRASNODAR/FRTL/6/NGDA146/4,  KS920709-B-5-1-1/  Burbot-4  (Turkey),  and
Tsapki/Farmec (USA). Among the Ukrainian accessions, old varieties had the thickest stems:
Luhanskaia 2, Zoria, Yurievka 676, Podilska Niva.

Stem filling. Accessions with filled stems were found: Erythrospermum 7488 (Ukraine),
Athlon (Germany), Vilejka (Czech), AR800-1-3-1/NW97S320, Kambaral/Zander-17, and Isfara
(Tajikistan).

Flag leaf width. Accessions with a wide flag leaf (more than 2 cm) were found: Podilska
Niva, Zoriana (Ukraine), Patras, Tobak (Germany), Vilejka (Czech Republic),
Bezostayal/Ae.cylindrica (Kazakhstan).

Green coloration of the upper internode and flag leaf during the grain filling period. This
trait allows extending the photosynthetic activity period in wheat plants during the grain filling
phase. Accessions that maintained green color as of July 6, 2022 were identified: Patras, Athlon,
Florencia, Zeppelin, Tobak, Bernstein, Oksal, Linus, KWS Emil, Matrix, Frisky, LG Egmont, LG
Initial, Julius (Germany), Spivanka Podilska (Ukraine), Beauford (England), Augustina
(Belarus), and Duplet (Russia). It should be noted that most of the accessions with this trait are
late-ripening varieties. Of them, only few Ukrainian varieties (Kraievid, Vinok Podillia, Kyivska,
Svitiaz) were classed as mid-ripening.

Conclusions. Analysis of temperature in recent years indicates changes in the autumn and
winter periods of wheat vegetation in the Left-Bank Forest-Steppe of Ukraine. For adaptation of
wheat plants to the weather in recent years, not only freezing tolerance but also winter hardiness
in combination with intensive growth in the initial stages and good regeneration in spring is
important.
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We selected accessions with high winter hardiness and high intensity of spring
regeneration: Lira Odeska, Oberih Myronivskyi, Dykanka (Ukraine); Turkuaz (Azerbaijan);
Andrada (Romania). The following accessions showed increased winter hardiness (7-8 points)
and good regeneration in spring (8-9 points): Oktava Odeska, Natalka, Zolotava Nosivska,
Lehenda Myronivska, Bunchuk, Orzytsia Nova, PS Tashan (Ukraine), T67/X84W063-9-
45//Karl92/3 (Turkey), AR800-1-3-1/NW97S320, and NE10507 (USA). According to the results
on resistance to Septoria tritici blotch over the two study years, the following resistant accessions
can be used as sources of resistance: Kraievyd, Mahnatka, Spivanka poliska (Ukraine), Arctis
(Germany), Apertus (Austria), and AR800-1-3- 1/NW97S320 (USA).

There was a correlation between winter hardiness in the field and growth intensity in the
autumn (r=0.653) and between winter hardiness in the field and regenerative capacity of plants in
the spring (r=0.835).
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AHAJII3 OI3I0JIOTTIYHHX MEXAHI3MIB AJAIITAIII TA CTIHKOCTI COPTIB
O3UMOI ITIIEHHALI PI3HOTI'O TEOT'PA®IYHOT O IIOXO’KEHHA

Makaosa b.€., Tumenko B.M.
[TonTaBchKMiA nepKaBHUN arpapHU yHIBEpCUTET, YKpaiHa

Merta pocaigzkeHHsi: AHami3 poii o3HaK MopdoTumy Ta (i3ioNoriyHMX peakiiid B amanTtauii 10
ymoB JliBoOepexxnoro Jlicocremy VYkpaiHM NIISXOM BHUBYEHHS LIMPOKOTO HaboOpy
KOJIGKLIHHUX 3pa3KiB MIIEHUI[I 03MMOI PI3HOTO €KOJIOTO-reorpaiyHOro MOXOJKEHHS 32
KOMILJIEKCOM MOPQOJOTIYHUX O3HAK Ta (i3I0JNOTIYHUX OCOONMHMBOCTEH, M0 BU3HAYAIOTH
aJlanTHBHICTH J0 YMOB JIOCIHIIHOTO CEpEIOBHINA Ta BHUSBJICHHS I[IHHUX 3pa3KiB 3 METOIO
MOJIANIBIIIOTO 3ATyYEHHS 1X y CeNEeKIIHHMIA mporec.

Marepianu i MeToau: Y CTaTTi HaBEJEHO PE3yNbTATU JOCIKEHB 318 3pa3kiB 03UMOT MIIIEHUITI
PI3HOTO  eKOJoro-reorpaivHOro MOXO/DKeHHs 3 27 KpaiH CBITYy 3a KOMIUIEKCOM
Mop¢oJioriyuHUX O3HaK 1 (izionoriunux peakuii Ha ymoBu JliBoOepexHoro Jlicocremy
VYxpaiau B 2020-2021 ta 2021-2022 Bereramiiiaux pokax. [1oJbOBYy OIIHKY MPOBOIMIN 32
HACTYITHUMHU TapaMeTpaMu: OIHKA CTaHy POCIHH Iepe] MEepe3UMIBICIO; OLIHKA MOJBOBOI
3UMOCTIMKOCTI; OIlIHKA IIBUAKOCTI BITHOBJICHHS POCIIMH HaBECHI; (pikcarlisi JaTh KOJIOCIHHS;
OILlIHKA TOUIKOJDKEHHSI JIMCTS XBopoOamu. OuiHKy MOP(}OJNOTIYHHX O3HAK MPOBOIMIN
BIJIMOBITHO JIO METOJUKH JOCIIKEHHs copTiB mmeHuri M skoi (Triticum aestivum L.) Ha
BOC-tect, meronuku dizionoriuaux gociimpkens y cenekuii CIMMYT ta meroauka Bindoopy
3UMOCTIMKHUX T'€HOTHIIIB ITIIIEHUII.

OO0roBopenHsi pe3yabTaTiB: BuspieHa 3HauHa Bapiallis 3a BCiMa JOCTIKYBAaHUMH O3HAKaMHU.
AHai3 TemMrepaTypHuX IMOKa3HHUKIB OCTaHHIX POKIB CBIUUTH MPO 3MiHU YMOB MPOXOKEHHS
BereTalii OCIHHbOTO Ta 3UMOBOrO mepioniB. IlorogHi ymMmoBu 000X pOKIB AOCHIIKEHb OyIu B
LUIOMY CHPHUATIMBUMH Uil TEPE3UMIBII POCIMH O3MMOI MHIeHuI. Bapro 3a3HaunTd, 1o
ymoBH nepesumiBii y 2021-2022 BererauiifHoMy poili Oynu A€MIO CKJIAAHIIINMH, POCITHHH
MIIeHUI Oyiau OUTbII BHUCHAXCHUMH 4Yepe3 HASABHICTh PI3KUX MiABUINCHb Ta MOHWKCHb
TemnepaTypu. BusiBieHno, mo [uis azanTaiii poCIuH MIIEHUII 10 TIOTOAHUX YMOB BaXIIUBOIO €
HE JIMIIe MOPO30CTIHKICTh, @ i MOJIbOBA 3UMOCTIHKICTh Y MO€IHAHHI 3 BUCOKUM PIBHEM POCTY
Ha TIOYAaTKOBMX €Tamax 1 XOpOIIMM BIJHOBJICHHAM Yy BEeCHAHUN mepion. BcraHoBieHO
KOPEJAIHHUN 3B 30K MDK O3HAaKaMU TOJIBbOBOI 3MMOCTIMKOCTI Ta IHTEHCHUBHICTIO POCTY B
ocinHiil mepion (r = 0,653) Ta 3 pereHepaTHBHOIO 3JATHICTIO POCIHH y BECHSHHHN TMEpiox
(r=0,835).
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BucHoBku: BusBieHo 3pa3ku 3 BUCOKOIO 3UMOCTIHKICTIO Ta BUCOKOIO IHTEHCUBHICTIO BECHSIHOTO
BiqHOBNeHHs — Jlipa oxecbka, OOepir MuponiBcbkuii, Jukanpka (YkpaiHa) Ta copTu
iHOo3emMHOrO moxo/keHHsT — Turkuaz (AsepOaiimkan) Ta Andrada (Pymywnis). IligBumienoro
3UMOCTIHKICTIO (7—8 GaiiB) i XOpOIIMM BiTHOBIICHHSM HaBecHI (8—9 0amiB) BOIOILIM 3pa3KH:
OxraBa onecbka, Hatanka, 3os0TaBa HOciBChKa, Jlerenna MupoHiBebka, byHuyk, Opxkuiis
HoBa, [IC Tamanpr (Ykpaina) T67/X84W063-9-45//Karl92/3 (Typeuunna), AR800-1-3-
1/NW97S320, NE10507 (CIIA). 3a pe3ynbraTamMu ABOPIYHOT OLIIHKU CTIHKOCT1 FT€HOTHIIB /10
IIMHCTOCTI Septoria tritici sIK pkepena CTIHKOCTI MOXYThb OyTH BHMKOPHCTaHI HACTYIHI
3pazku — KpaeBun, Marnarka, CmiBanka nonickka (Ykpaina), Arctis (Himewyunna), Apertus
(ABctpig), AR800-1-3- 1/NW97S320 (CILA).

Knrouosi cnosa: m'axa ozuma nuwenuys, 6UXionutl mamepiai, aoanmayis, Mop@ono2iuna o3Haxa.

ANALYSIS OF PHYSIOLOGICAL MECHANISMS OF ADAPTATION AND RESISTANCE
OF WINTER WHEAT ACCESSIONS OF DIFFERENT GEOGRAPHICAL ORIGINS

Makaova B.Ye., Tyshchenko V.M.
Poltava State Agrarian University, Ukraine

Purpose: To analyze the role of morphological traits and physiological responses to the
conditions in the Left-Bank Forest-Steppe of Ukraine by investigating a large assortment of
winter wheat collection accessions and identifying valuable accessions to involve them in local
breeding programs.

Materials and methods: The article contains the results of evaluating 318 winter wheat
accessions of different eco-geographical origins from 27 countries for a set of morphological
traits and physiological responses to the environmental conditions in the Left-Bank Forest-Steppe
of Ukraine in the 2020-2021 and 2021-2022 growing seasons. The following parameters were
evaluated in the field (visual scores): pre-overwintering state of plants, winter hardiness, plant
regeneration rate in the spring, earing date, and damage by foliar diseases. Morphological traits
were assessed in accordance with DUS tests on common wheat (7riticum aestivum L.) varieties
for recommended by UPOV and the State Service, physiological methods in breeding used in
CIMMYT and methods of wheat breeding for winter hardiness.

Results and discussion: Significant variations were observed for all the studied traits.
Analysis of temperature in recent years indicates changes in the autumn and winter periods of
wheat vegetation in the Left-Bank Forest-Steppe of Ukraine. The weather in the both study years
was generally favorable for overwintering of winter wheat plants. It is worth noting that the
overwintering conditions in 2021-2022 were somewhat harsher; wheat plants were more
exhausted due to sudden temperature rises and drops. It was established that, for adaptation of
wheat plants to the weather conditions, not only freezing tolerance but also winter hardiness in
combination with intensive growth in the initial stages and good regeneration in spring was
important. There was a correlation between winter hardiness in the field and growth intensity in
the autumn (r = 0.653) and between winter hardiness in the field and regenerative capacity of
plants in the spring (r = 0.835).

Conclusions: We selected accessions with high winter hardiness and high intensity of
spring regeneration: Lira Odeska, Oberih Myronivskyi, Dykanka (Ukraine), Turkuaz
(Azerbaijan), and Andrada (Romania). The following accessions showed increased winter
hardiness (7-8 points) and good regeneration in spring (8-9 points): Oktava Odeska, Natalka,
Zolotava Nosivska, Lehenda Myronivska, Bunchuk, Orzytsia Nova, PS Tashan (Ukraine),
T67/X84W063-9-45//Karl92/3 (Turkey), AR800-1-3-1/NW97S320, and NE10507 (USA).
According to the two-year result on resistance of genotypes to Septoria tritici blotch, the
following accessions can be used as sources of resistance: Kraievyd, Mahnatka, Spivanka Poliska
(Ukraine), Arctis (Germany), Apertus (Austria), and AR800-1-3- 1/NW97S320 (USA).

Key words: winter bread wheat, starting material, adaptation, morphological trait.
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