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DIFFERENTIATION OF BREAD WINTER WHEAT BREEDING LINES BY FROST HARDINESS
IN THE FOREST-STEPPE OF UKRAINE

T. V. Yurchenko, A. V. Pirych, S. V. Pykalo, M. V. Kharchenko, O. V. Humeniuk
The V.M. Remeslo Myronivka Institute of Wheat NAAS, Tsentralne village, Obukhiv district, Kyiv region, 08853,
Ukraine

Topicality. Wheat is one of the most strategic and indispensable agricultural crops. High yields re-
quire the development of highly adaptive winter wheat varieties. Regional climatic fluctuations significantly
affect plant growth and development, which makes it essential to consider plant resistance to abiotic stres-
sors. Meteorological conditions during the autumn-winter period are crucial for the successful overwinte-
ring of winter crops. Purpose. To differentiate breeding lines of bread winter wheat by frost hardiness under
con-ditions of Forest-Steppe and to identify the influence of air temperature during the hardening period on
the development of this trait in plants. Materials and methods. The studies were carried out at the V. M. Re-
meslo Myronivka Institute of Wheat NAAS of Ukraine. A total of 17 bread winter wheat breeding lines from
competitive trials were studied. The Myronivska 808 variety was used as a standard. After the plants were
hardened in open field conditions, their frost hardiness was determined using the freezing method in KNT-1
low-temperature chambers at -18 °C. The reliability of the data was verified using Fisher’s criterion.
Results. The data obtained over three years of research confirmed that the air temperature regime during
the hardening period of bread winter wheat plants influenced the formation of their frost hardiness. Sharp
fluctuations in air temperature, changes in their daily values from positive to negative during the day and at
night led to a violation of hardening conditions, which resulted in a decrease in frost hardiness of plants.
The favourable hardening conditions in 2021/22 and 2022/23 resulted in frost hardiness of 96 % and 89 %,
respectively. Under unfavourable conditions in 2023/24, the survival rate of plants was recorded at 67 %.
A correlation coefficient (r = -0.99) between the percentage of surviving plants after freezing and the aver-
age air temperature during the hardening period was determined. Over the three years of research, Lates-
cence 60873 line was identified by the level of frost hardiness, which was at the level or higher than the
standard variety. Conclusions. Lutescens 60873 line is recommended as a valuable initial material for fur-
ther breeding improvement of the crop. The obtained results are aimed at enhancing the understanding of
plant responses to temperature fluctuations during the autumn-winter period, which will allow for an objec-
tive characterization of the adaptability level of promising winter wheat genotypes and enable forecasting of
their performance under specific environmental conditions.
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Introduction. Wheat is one of the strate-  sistance to adverse environmental factors [3, 4].

gic and essential agricultural crops [1]. In recent
years, the climate has been characterised by
rapid changes in weather conditions with signif-
icant fluctuations in precipitation and tempera-
ture [5]. Such changes significantly affect plant
growth and development and require studying
the res-ponse of wheat varieties to the negative
impact of environmental factors [2]. At the pre-
sent time, it is necessary to conduct selection to
develop varieties that have a high level of re-

Author information:

According to the data, the hydrothermal regime
significantly affects the yield of winter wheat
throughout the entire growing season, however,
meteorological conditions in the autumn-winter
period are decisive for the excellent overwinte-
ring of winter crops [5, 6].

Plant winterkill is one of the main adverse
factors in the natural environment that affects
the overwintering of winter wheat plants [7].
Considered to be necessary for plants to acquire
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high winter hardness and frost resistance, two
hardening stages must be completed. The first
hardening stage occurs at daytime air tempera-
tures ranging from 8 to 10 °C and night-time
temperatures ranging from 0 to 4 °C. During
this stage, sugars are actively accumulated as
protective substances. The second hardening
stage occurs at an average daily temperature of
0 to -5 °C. This stage can even happen under
snow cover without sunlight [8]. The duration
of the first stage of wheat hardening varies from
12 days to 12-14 weeks [9, 10]. It is noted that
with a longer duration of the first stage of hard-
ening (30-40 days), frost resistance decreases,
and prolonging the winter period generally re-
duces the winter hardiness of winter wheat
plants [11, 12]. Scientists note that currently,
breeding methods for winter wheat based on
plant frost resistance and ways to prevent a de-
crease in their tolerance during thaws, as well as
the rate and degree of plant condition recovery
when frosts return, are still insufficiently deve-
loped. The issues of plant resistance to low sub-
zero temperatures, identification and realisation
of the genetic potential for frost resistance in
plants remain relevant to this day [13, 14, 15].
Relevant task for modern scientific research
remains improving and developing existing and
new methodological approaches to assessing
frost resistance in grain crop breeding [16, 17].

The research was aimed at differentiating
soft winter wheat breeding lines according to
frost resistance in the conditions of the Forest-
Steppe of Ukraine and identifying the influence
of air temperature during hardening on the for-
mation of frost resistance in plants.

Materials and Methods. The research
was conducted at the Biotechnology, Genetics
and Physiology Department of the V.M. Re-
meslo Myronivka Institute of Wheat (MIP) in
2021-2024. The material for the research was
17 breeding lines of bread winter wheat selected
by the Winter Wheat Breeding Laboratory in
competitive trials. The Myronivska 808 variety
was used as a standard. The frost resistance of
plants was determined according to DSTU
4749:2007 [18] using the freezing method in
KNT-1 low-temperature chambers, which in-
volves the following procedure. Boxes with a
size of 30x40 cm and a depth of 12-15 cm were
filled to 3-4 cm below the upper edge with sif-
ted soil. The soil surface was levelled and divi-
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ded into rows with a distance of 3-4 cm between
them. The experimental material was sown in
boxes, 20-25 seeds in each row, and covered
with 3 cm layer of soil. Three rows of the stan-
dard variety were also sown in each box. After
sowing, the boxes were placed in an open area
under natural conditions to allow the plants to
complete two hardening stages. The plant care
consisted of systematic watering. The breeding
material was frozen in the first ten days of Janu-
ary, starting at a temperature corresponding to
the ambient environment and reducing it by
2 °C every hour to the set value. For the assess-
ment of frost resistance, exposure to freezing
temperatures for 24 hours at -18 °C was used.
After gradual thawing (over 2 days), the boxes
with the winter wheat were placed in rooms
with a temperature of 18 to 24 °C and the plants
were prepared for regrowth — they were
trimmed, and a leaf blade 0.5 cm long was left.
A preliminary count of living and dead plants
was carried out after 10-12 days, and the final
count after 15-16 days.

To characterize the temperature regime
during the plant hardening period, the average
daily (6:00 am, 9:00 am, 12:00 pm, 3:00 pm)
and average night-time (6:00 pm, 9:00 pm,
12:00 am, 03:00 am) air temperatures were de-
termined for the period from 10 November to 15
December. The total period covered is 36 days,
which is the expected duration of the two har-
dening stages.

The reliability of the data obtained was
determined using Fisher's criterion. The regres-
sion equation was calculated and the correlation
coefficient was determined using Microsoft Ex-
cel software. For the interpretation of Pearson's
correlation coefficient (r), we used Chaddock's
scale [19]: 0 <r < 0.09 — no correlation, 0.10 <r <
0.29 — weak correlation, 0.30 < r < 0.49 — mo-
derate correlation, 0.50 < r < 0.69 — significant,
0.7 <r<0.89 —strong, 0.90 <r << 0.99 — very
strong, r = 1.00 — functional relationship.

Results and Discussion. Analysis of tem-
perature conditions during the autumn-winter
period of the years of research revealed climatic
changes during the autumn vegetation of wheat,
characterised by an increase in the average
monthly air temperature and its sharp fluctua-
tions (Fig. 1).

Over the years of research, the end of
autumn vegetation of winter wheat was observed
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Fig. 1. Characteristics of the temperature regime in the autumn-winter period 2021/22-2023/24.

in November (2021 — 23 November, 2022 — 15
November, 2023 — 16 November). The average
monthly air temperature this month ranged from
3.8 °C (2022) to 4.8 °C (2021). In 2021, the ave-
rage daily temperature below 0 °C was observed
from 16 to 18 November and ranged from -0.4 to
-2.5 °C. In 2022, such a temperature curve with
a value of -0.3 to -0.6 °C was observed on 18,
20 and 30 November. In 2023, after the cessa-
tion of vegetation (16 November), the tempera-
ture regime was characterised by sharp fluctua-
tions in air temperature. A decrease in the ave-
rage daily temperature was observed from 19 to
23 November (from -1.4 to -3.1 °C), from 26 to
28 November (-1.3 to -3.4 °C) and on 30 No-
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vember (-2.2 °C). The average long-term air
tempe-rature in December was -1.6 °C, but du-
ring the years of research, slightly higher values
were observed, which were -1.1 °C (2021/22),
0.6 °C (2022/23) and 0.9 °C (2023/24). This
temperature regime indicates the probability of
a prolongation of the first stage of plant harde-
ning in 2023/24. The average monthly air tem-
perature in January ranged from -0.1 °C to -1.9
°C, while the long-term average was -3.4 °C.

In accordance with the aforementioned
theory of plant hardening, the average daily and
night-time air temperatures were determined for the
period from 10 November to 15 December (Fig. 2).

In 2021/22, this period was characterised
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Fig. 2 Average daytime and night-time air temperature during the hardening period.

by relatively high air temperatures, which ex-
ceeding 10 °C on some days. The air tempera-
ture dropped below 0 °C twice, after which a
gradual increase in temperature was observed
both during the day and at night. The tempera-
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ture regime during the hardening period in
2022/23 was variable, the air temperature gradual-
ly changed from low to high (Fig. 3).

On day 32, the air temperature increased to
9.0 °C during the day and to 8.3 °C at night, after
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Fig. 3 Characteristics of temperature regime during the hardening period of bread winter wheat in 2022/23.

which it dropped to -4.0 °C. In general, the condi-
tions in 2021/22 and 2022/23 were satisfactory for
the first and second stages of plant hardening, as
the average daytime and night-time air tempera-
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tures were identical, i.e. above or below zero. In
2023/24, there were fluctuations in daily air tem-
perature (Fig. 4).

From the 10" to the 14™ day (19-23 No-
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Fig. 4 Characteristics of temperature conditions during the hardening period of bread winter wheat in 2023/24.

vember) of the hardening period, the average
daily air temperature ranged from -1.3 to -4.5 °C,
and the average night-time temperature ranged
from -5.0 to -6.0 °C. Temperature fluctuations
were observed throughout the entire research
period. For determination of frost resistance,
the method of hardening plants under natural
conditions was used. It was found that the
highest level of frost resistance (96 %) of win-
ter wheat lines was formed under the temperature
conditions of 2021/22 , and the lowest (67 %) in
2023/24. A number of lines were selected

Grain Crops. Vol. 9. No. 1. 2025. P. 36-43

whose frost resistance was reliably at the level
of the standard variety, namely Erythrosper-
mum 60724, Lutescens 60181, Lutescens 60729,
Lutescens 60874, and Lutescens 60766 (Table 1).

Lines were also identified in which the
percentage of live plants after freezing was
higher in one year and at the level of the stan-
dard variety in other years: Lutescens 60873
(81-100 %), Erythrospermum 60899 (73-98 %),
Lutescens 60734 (72—-100 %).

The correlation coefficient between the
percentage of living plants after freezing and the
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Table 1. Frost resistance of bread winter wheat lines in competitive testing for freezing at -18 °C

. N Number (% =+ s;) of living plants

Standard variety and breeding line name 202122 2022/23 2023/24
Myronivska 808 — standard 95+2.6 86+4.6 78+5.4
Erythrospermum 60724 99+1.2* 89+4.3* 84+4.7*
Lutescens 60873 97+2.1* 100+0.0** 81+£5.5*
Lutescens 60702 100+£0.0** 77+5.6* 81+5.0*
Lutescens 60181 97+2.0* 82+5.0* 76+£5.5*
Lutescens 60355 1004+0.0** 90+4.3* 73+5.6*
Erythrospermum 60899 94+2.7* 98+1.9** 73+5.6*
Lutescens 60734 100+£0.0** 79+5.4* 72+5.6*
Lutescens 60729 99+1.1* 90+4.0* 68+6.0*
Lutescens 60874 99+1.1* 84+4.9* 68+5.8*
Lutescens 60896 82+4.4 91+£3.9* 66+7.2*
Lutescens 60766 95+2.5* 93+3.4* 64+6.9*
Lutescens 60510 97+2.0* 954+3.0* 61+6.2
Lutescens 60430 97+2.1* 97+2.2%* 59+6.2
Erythrospermum 60793 99+1.2* 78£5.4* 58+6.2
Lutescens 60412 99+1.2* 75+5.7* 56+6.4
Lutescens 60879 78+4.8 9742 .2%* 55+7.3
Lutescens 60680 97+2.0* 95+2.9* 414+6.2
Average 96 89 67

Notes. * Not significantly different from the standard (according to Fisher's criterion),

**significantly higher than the standard.
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Fig. 5 Frost resistance of winter wheat plants at -18 °C depending on temperature conditions
in the autumn-winter period (November, December) 2021/22-2023/24.

average air temperature during the hardening
stages (r = -0.99) was determined, indicating a
very strong inverse relationship between these
indicators. The correlation coefficient confirms
the influence of the temperature regime during
the hardening period on the formation of plant
frost resistance. Our previous studies have
shown that plant hardening was significantly
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more effective with a gradual decrease in air
temperature than with sharp fluctuations [20].
The regression equation confirms that as the air
temperature rises during the hardening period,
plant frost resistance decreases (Fig. 5).
Conclusions. The data obtained during
three years of research demonstrated the impact of
temperature conditions during the hardening period
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of bread winter wheat plants on the formation of
their frost resistance. Sharp fluctuations in air tem-
perature, with daily values changing from above
zero to below zero during the day and night, led to
a disruption in hardening conditions, resulting in
reduced frost resistance of plants. Under favourable
hardening conditions in 2021/22 and 2022/23, frost
resistance was 96 % and 89 %, respectively. Under
unfavourable conditions in 2023/24, the number of
living plants was recorded at 67 %. The correla-
tion coefficient between the percentage of living
plants after freezing and the average air tempe-
rature during the hardening phase was deter-
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AKTyalIbHicTB. [IIIEHNIS € OHI€I0 3 CTPATEriYHUX Ta HE3aMIHHUX CUIBCBKOTOCHOAAPCHKUX KYJIBTYP.
Jnst oTpyMaHHS BHCOKMX BpOXaiB HEOOXiJIHO CTBOPIOBATH BHCOKOAJAINTHBHI COPTH TMIIEHHINI O3UMOI.
Perionanbhi kimimMatu4dHi QIyKTyallii iCTOTHO BIUIMBAIOTh HAa PICT 1 PO3BHTOK POCIWH, TOMY BaXKIHBHM €
BpaxyBaHHs IX CTIHKOCTI 10 ablOTHYHUX CTpecopiB. MeTeopooTiyHi YMOBH B OCIHHBO-3UMOBHH TIEPiof €
BU3HAYaIBHUMHU JJIsl BIIMIHHOT Mepe3uMiBiIi 03UMHUX KyabTyp. Meta. [IpoBectn nudepeHiamnito ceaeKmiii-
HHX JTiHI MIIeHUII M SKOi 03UMOI 32 MOPO30CTiliKicTio B ymMoBax Jlicocteny YKpaiHu Ta BHSBHTH BILUIUB
TEMIIEPaTypHOI'0 PEXHUMY IOBITPS MiA 4ac 3arapTyBaHHA Ha (OPMYBaHHS DIBHS Li€l O3HAKU y POCIHH.
Marepiaan i metoau. Jocnimkenns npoBoauiu y 2021-2024 pp. y MUpPOHIBCbKOMY 1HCTUTYTI MINEHHUIT]
imeni B. M. Pemeciia HAAH VYkpaiuu. JlochimpkyBanu 17 cenekuiiHuxX JiHil MIISHUI M SIKOT 03UMOT KOH-
KypcHOTro BUIpoOyBaHHS. 3a eTajoH BHKOpPHCTOBYBainu copT MuponiBceka 808. Ilicist 3araptyBaHHs poc-
JIUH Ha BIAKPUTOMY MaiAaHYMKy BU3HAUYAIH iX MOPO3OCTIHKICTh METOAOM IPOMOpOXKyBaHH: B kKamepax KHT-1
3a Temneparypu -18 °C. JlocTOBIpHICTh OTpUMaHUX AaHKX IepeBipsim 3a kpurepiem dimepa. PesyasTaTu. Otpu-
MaHi JIaHi BIOPOJOBK TPbOX POKIB JAOCTIIKEHb 3aCBIIYMIM MPO BIIUB TEMIIEPATYPHOTO PEKHMY y TEPiof
3arapTyBaHHsI POCJIHMH MIICHHII M’ K01 03uMoi Ha (OopMyBaHHs X MOPO30CTiiiKoCTi. Pi3ki KOJIMBaHHS TeM-
nepaTypHy MOBITPs, 3MiHa iX JOOOBHX 3HAUYEHb BiJ IUIFOCOBMX JO MiHYCOBHX YJI€Hb Ta BHOYI IPU3BOJIWIN 10
MOPYIIEHHS] YMOB 3arapTyBaHHA, Y Pe3yJIbTaTi YOro 3HMXKyBajacs MOPO3OCTIHKICTh POCIHH. 32 CIPHUSTIIH-
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BUX yMOB 3araptyBaHHs y 2021/22 ta 2022/23 pp. Mopo3ocTilikicT cTaHoBmiIa 96 % ta 89 % BiAmoBimHO.
3a He3anoBimbHUX yMOB 2023/24 p. KINBKICTh XHBHX pPOCIHH BiJMideHO Ha piBHI 67 %. BusHaueHo
KOoeilieHT KOpesLii MK BiICOTKOM >KMBUX POCIIHH IiCIIsi IPOMOPOXKYBAHHS Ta CEPEIHBOI0 TEMIIEPaTypOIO
MOBITPsI y mepiol mpoxomkeHHs (a3 3araptyBanus (r=-0,99). Bunineno ninito Jlrotecuenc 60873, mopo3zo-
CTIMKICTB KO 32 TPU POKH JOCTi/DKEHBb BIAMIY€HO Ha piBHI ab0 BHUIIE copTy-eTajnoHy. BucHoBkmu. JliHis
Jiorectiernc 60873 Moke ciayryBaTd IIHHAM BHXIJHUM MaTepiajJoM [UIsl TMO-JAaJIbIIOrO CeNeKIiiHHOTOo
BJOCKOHAJICHHS KynbTypH. OTprMaHi pe3yiIbTaTH OPIEHTOBaHI HAa PO3BHTOK PO3YMIHHS pEakKIii POCIMH Ha
3MiHYy TEMIEpaTyp OCiHHbO-3UMOBOTO TIEPiOY, IO JACTh MOKIUBICTH 00’ €KTHBHO XapaKTepH3yBaTH PIBEHb
aIafTUBHOCTI NEPCIIEKTUBHUX TEHOTHUITIB MIICHUII 03UMO1 Ta MPOTHO3YBATH iXHIO MOBEAIHKY y BiJMOBIIHUX
EKOJIOTTYHUX YMOBaX.

Knrouosi cnosa: nuwenuys m’saxa o3uma, cenekyiiti 1inii, MOpO30CMIUKICIMb, meMnepamypa nogimpsi,
3a2apmy8ants poCciuH
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