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Background. The vernalization requirement and photoperiodic sensitivity are sig-
nificant indicators as they determine the adaptability of plants to environmental condi-
tions. The aim of the study was to characterize modern winter wheat genotypes by
genetic systems that determine vernalization processes.

Materials and Methods. The winter wheat varieties of Myronivka breeding, such
as Vezha Myronivska, Avrora Myronivska, MIP Yuvileina, MIP Lada, MIP Fortuna, MIP
Darunok, MIP Nika, MIP Roksolana, MIP Feieriia, MIP Vidznaka, and MIP Lakomka,
were studied. The vernalization requirement duration and photoperiodic sensitivity of
winter wheat varieties were determined according to the methodological recommen-
dations (Demydov et al., 2019). Five winter bread wheat varieties, MIP Darunok, MIP
Roksolana, MIP Nika, MIP Feieriia and MIP Vidznaka were crossed on incomplete dial-
lele scheme with three near-isogenic lines derived from Erythrospermum 604 with dif-
ferent genotypes for the Vrd gene system 1) Vird1Vrd1vrd2vrd2, 2) vrd1vrd1Vrd2Vrd2,
and 3) vrd1vrd1vrd2vrd2. Hybridological analysis was performed in F, populations by
the comparison of the fact segregation of the plant phenotypes’ number with theoreti-
cally expected using X2 criterion.

Results and Discussion. The Vezha Myronivska, Avrora Myronivska, MIP
Yuvileina, MIP Nika and MIP Roksolana varieties demonstrated low photoperiod sensi-
tivity; the MIP Lada, MIP Fortuna, MIP Darunok, MIP Feieriia and MIP Vidznaka varieties
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showed medium photoperiod sensitivity; the MIP Lakomka variety was characterized
by high photoperiod sensitivity. The Vezha Myronivska, MIP Yuvileina, MIP Fortuna,
MIP Nika, MIP Roksolana, MIP Feieriia, MIP Vidznaka and MIP Lakomka varieties
required vernalization duration for 30 days, whereas varieties Avrora Myronivska, MIP
Lada and MIP Darunok for 40 days. The results of the hybridological analysis indicate
the presence of the dominant allele Vrd17 in the MIP Darunok and MIP Roksolana varie-
ties, which contributes to shortening the vernalization duration. In the MIP Nika variety,
the vernalization requirement duration is controlled by the dominant allele Vrd2, while
in the varieties MIP Feieriia and MIP Vidznaka, it is controlled by two dominant alleles
of Vrd1 and Vrd2 genes.

Conclusions. The obtained results indicate the possibility of recombining different
levels of photoperiodic sensitivity and vernalization requirement duration in the winter
wheat genotype through breeding and developing varieties with their optimal combina-
tion for specific ecological conditions.

Keywords: winter wheat, vernalization requirement duration, photoperiodic
sensitivity, hybridological analysis, variety

INTRODUCTION

Wheat is one of the most important and widely grown food crops, playing a crucial
role in feeding 35 % of the world’s population by providing 19 % of calories and 21 % of
proteins (Tadesse et al., 2019; Filip et al., 2023). Climate change is currently impacting
a range of environmental factors that directly and indirectly influence wheat adaptability
and productivity (Zahra et al., 2023; Johansson et al., 2023).

Important indicators closely related to the adaptability of winter wheat varieties are
the vernalization requirement duration and photoperiodic sensitivity. The vernalization
requirement duration is the number of days with low positive temperatures necessary
for plants to transition to the generative state (Milec et al., 2023). The vernalization
requirement duration affects the heading date, as well as drought, winter, and frost
resistance, the grain mass per ear, and, consequently, the yield (Deng et al., 2015; Atar,
2020). Differences between winter wheat varieties in the vernalization duration, ranging
from 15 to 60 or more days, have been established (Baloch et al., 2003).

Photoperiodism, the response of plants to day length (photoperiod), is a very
important circadian rhythm, influencing their flowering time. The variability of the photo-
periodic response in different plants ensures their adaptation to various environmental
conditions (Totsky et al., 2011). Photoperiodism is defined as the response of living
organisms to periodic, seasonal fluctuations in the duration of daylight hours. The
change in the day length serves as a signal to the organism, indicating variations in
a whole range of environmental factors during the alternation of seasons (Gendron &
Staiger, 2023). The response of plants to photoperiod is manifested in the accelera-
tion or slowing down of their growth and development depending on the complex of
seasonal climatic conditions of a specific region (Osnato et al., 2022). Winter wheat is
a long-day crop. Its ability to delay development with shortening daylight in autumn is
an important adaptive mechanism ensuring plant survival under stress factors during
wintering (Pérez-Gianmarco et al., 2020).

For the optimal survival of soft winter wheat plants during wintering, it is important
to combine a certain vernalization requirement duration and the level of photoperiodic
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sensitivity. These traits allow the optimal selection of sowing time to prevent overgrowth
of plants in autumn before entering winter, as this can reduce resistance to abiotic fac-
tors and, consequently, yield (Bloomfield et al., 2023). Determining the breeding value
of wheat varieties based on vernalization requirement duration and photoperiodic sen-
sitivity is particularly relevant, as it allows for a more objective characterization of their
adaptability and prediction of their behavior in corresponding environmental conditions
(Amo et al., 2022).

The resistance of winter wheat to environmental stress conditions is associated
with the rate of passage and duration of organogenesis stages, largely influenced by
genetic systems controlling the vernalization requirement duration and photoperiodic
sensitivity (Stelmakh & Fait, 2019). To date, significant aspects of the genetic processes
occurring during vernalization, which ensure the transition of winter cereals to genera-
tive development, have been elucidated. The mechanism that underlies vernalization
sensitivity and the timing of ear emergence is based on mutations in the Vrn gene loci,
which adjust the dependence of the transition to the ear emergence stage on the verna-
lization factor and convert the gene from a recessive to a dominant state (Distelfeld
et al., 2009; Firat, 2020). Wheat’s response to low positive temperature, i.e., vernaliza-
tion, is determined by the expression of the Vir-A1, Vrn-B1, Vin-D1, and Vrn-D4 genes.
They are located on chromosomes 5A, 5B, and 5D (Yoshida et al., 2010; Jin & Wei,
2016). The Vrn-B3 gene, which affects ear emergence time, is located on the short arm
of chromosome 7B (Zhang et al., 2008).

A. F. Stelmakh et al. (2005) reported the identification of three genes regulating the
vernalization requirement duration. These genes were designated Vrd1, Vrd2 and Vrd3.
The Vrd1 gene is located on chromosome 4A, and the Vrd2 gene is on 5D. It has been
established that the presence of the dominant Vrd71 gene reduces the vernalization
requirement duration to 20—-35 days, depending on the variety’s photoperiod sensitivity,
and Vrd2 to 40—45 days (Balashova et al., 2006). A third gene (Vrd3), which determines
the vernalization duration of up to 40 days, is also considered present and is located on
one of chromosomes 1A, 6A, or 4B (Fait, 2007; Fayt et al., 2013). Genotypes carrying
recessive Vrd alleles require at least 50-60 days of vernalization to transition to the gen-
erative growth stage (Balashova et al., 2006). V. |. Fayt (2012) reported the identifica-
tion of vernalization requirement duration genes in winter bread wheat genotypes. The
author emphasized that the reduced vernalization requirement in most samples was
due to the presence of the Vrd7 or Vrd2 gene, as well as their combination. Additionally,
some samples were found to carry the new Vrd3 gene. In our previous studies, based
on hybridological analysis using tester lines, the absence of Vrd7 and Vrd2 genes in the
studied winter bread wheat varieties was established (Pirych et al., 2021).

Given the above, characterizing modern winter wheat genotypes by genetic sys-
tems determining vernalization processes, which influence overall adaptive potential, is
relevant. The aim of this study was to determine the vernalization requirement duration
and photoperiodic sensitivity of winter wheat varieties developed at the V. M. Remeslo
Myronivka Institute of Wheat of the National Academy of Agrarian Sciences of Ukraine
(MIW) under the conditions of the central part of the Forest-Steppe of Ukraine, and to
identify the vernalization requirement duration genes in modern winter bread wheat
varieties.
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MATERIALS AND METHODS

The research was conducted in 2021-2023 at the MIW. We used new Myronivka
varieties of winter wheat Vezha Myronivska, Avrora Myronivska, MIP Yuvileina, MIP Lada,
MIP Fortuna, MIP Darunok, MIP Nika, MIP Roksolana, MIP Feieriia, MIP Vidznaka
(Triticum aestivum L.) and MIP Lakomka (Triticum durum Desf.).

The vernalization requirement duration and photoperiodic sensitivity of winter
wheat varieties of Myronivka breeding were determined according to the methodologi-
cal recommendations (Demydov et al., 2019). To determine photoperiod sensitivity of
the winter wheat varieties, two variants of the experiment were laid: in the first the plants
were grown under natural daylight; in the second, they were under artificially shortened
daylight (Fig. 1).

Fig. 1. Winter wheat plants under shortened and natural day length

Before sowing, the germinated seeds were artificially vernalized for 60 days
(at0...+ 1 °C). Using a special marker, germinated seeds of each variety were planted
20 pcs in each of two vegetative pots per variant of the experiment. Then, the pots were
placed in an open area. For comparison, wheat plants were grown under natural and
artificially shortened day length conditions. To shorten the day length, the plants in the
pots were covered with black boxes daily, starting from the 3rd leaf stage and continu-
ing until the heading stage. The duration of the shortened photoperiod was 12 hours
per day, from 8 a.m. to 8 p.m. The date of heading occurrence for individual plants was
marked with labels. According to photoperiod sensitivity, wheat varieties were divided

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) ¢ BionoriyHi CTyaii / Studia Biologica e 2025 ¢ Tom 19/ Ne 1 e C. 87-101



STUDY OF VERNALIZATION REQUIREMENT AND PHOTOPERIOD SENSITIVITY IN WINTER WHEAT VARIETIES OF MYRONIVKA... 91

into three groups: high-, medium- and low sensitive. In our experiment, the first group
included varieties that responded to the daylight reduction with significant heading delay
of 10-13 days, the second group with delay of 6-9 days, and the third group with less
than six days.

To determine vernalization requirement duration, 100 seeds of each variety were
watered and placed for germination in a thermostat at the temperature of +19...+20 °C
for one day. To go through vernalization, the seedlings were placed in the LVN-200G
chamber at the temperature of 0...+1 °C for different periods (50, 40, and 30 days).

The vernalized seedlings were planted in spring on April 18. Previously, the field
was divided into strips of 1 m in width and 50 cm tracks between the strips. The seed-
lings were planted on two rows for each variant of the experiment, about 50 seeds
per row (Fig. 2). The plants were counted in early August using the envelope method.
The vernalization duration was considered to be sufficient if most plants of the variety
reached heading.

— P

Fig. 2. Winter wheat plants under different vernalization durations

We carried out gene identification in five new winter bread wheat varieties
MIP Darunok, MIP Nika, MIP Roksolana, MIP Feieriia and MIP Vidznaka. As testers that
allow establishing differences in wheat plant development at early stages of organo-
genesis, we used near-isogenic by genes Vrd winter wheat lines Erythrospermum 604
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Vrd1Vrd1vrd2vrd2, Erythrospermum 604 vrd1vrd1Vrd2Vrd2 and Erythrospermum 604
vrd1vrd1vrd2vrd?2, created at the Plant Breeding and Genetics Institute, National Center
of Seed and Cultivar Investigation of NAAS (Fayt, 2002). The varieties and testers were
crossed according to the incomplete di-allel scheme using twirl-method of female plant
pollination. The F, seeds obtained were sown in autumn for reproduction of the genetic
material. F, seeds were vernalized for 40 and 30 days. To determine the allele sta-
tus of the Vrd genes, the plants of each hybrid population were divided into two phe-
notypic classes according to the ratio “heading occurrence: no heading occurrence”
(Fayt, 2003).

Experimental data were processed by methods of variation statistics using MS
Office software. Statistical processing of photoperiod sensitivity data (Table 1) was con-
ducted using the Student’s t-test method. Data of vernalization requirement duration
(Table 2) were analyzed statistically by the ANOVA using the Fisher’s Least Significant
Difference (LSD) test. P values of < 0.05 were interpreted as statistically significant.
Hybridological analysis was performed in F, populations by the comparison of the
fact segregation of the plant phenotypes’ number with theoretically expected using
chi-square (x?) criterion (Table 4).

RESULTS AND DISCUSSION

Photoperiod sensitivity. It was found that all studied wheat varieties responded
to the reduction in photoperiod with a significant delay in plant development. It should
be noted that since the experiment was conducted under natural conditions, there was
some variation in the delay of plant development from year to year. However, the rela-
tive ranking of the varieties is mostly maintained.

As a result of three years of research, it has been established that the Vezha
Myronivska, Avrora Myronivska, MIP Yuvileina, MIP Nika and MIP Roksolana varie-
ties were characterized with low photoperiod sensitivity. The MIP Lada, MIP Fortuna,
MIP Darunok, MIP Feieriia and MIP Vidznaka varieties were classified into the group
with medium photoperiod sensitivity. A high photoperiod sensitivity was found in the
MIP Lakomka variety (Table 1). It is worth noting that in 2021, the durum wheat vari-
ety MIP Lakomka, compared to bread wheat varieties, exhibited a significantly longer
“emergence to heading” period under both natural and shortened photoperiod condi-
tions. This phenomenon can be explained by the fact that in 2021, the beginning of the
“emergence to heading” period was considerably colder compared to 2022 and 2023,
with the presence of frosts (on April 28, the minimum temperature dropped to -0.7 °C).
Such weather conditions were unfavorable for the normal growth and development of
seedlings. It is known that durum wheat is more sensitive to low temperatures at early
stages of development compared to bread wheat (Braun & Saulescu, 2002). This is why
it reacted worse to such stressful conditions, particularly with delayed growth, resulting
in a significantly prolonged vegetative period.

Vernalization requirement. For normal generative development, the Vezha
Myronivska, MIP Yuvileyna, MIP Fortuna, MIP Nika, MIP Roksolana, MIP Feieriia,
MIP Vidznaka and MIP Lakomka varieties required vernalization duration for 30 days,
whereas Avrora Myronivska, MIP Lada and MIP Darunok varieties required vernaliza-
tion duration for 40 days (Table 2).
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Table 1. Photoperiod sensitivity of winter wheat (2021-2023)

2021 2022 2023
the “emergence to heading” the “emergence to heading” the “emergence to heading”
period, days .8 = period, days .8 = period, days .8 =
Variety 3 3B 22 8 v3 22 B ©3 2=
S € o 22 ©F ¢ 22 ©% <cb 22
S o 0 o d t [SRN) S o [ChNe% d t [SIN) S o [ChNe% d t o o
2 §e 5?2 T2 §28 5”2 B2 %8 5®
c o c O c o c o c o c o
< » < < » < < »n <
(oL (oL ey S oy S
Vezha Myronivska 52.2 55.9 3.8 657 L 558 61.0 52 557 L 48.6 526 4.0 9.0 L
Avrora Myronivska 52.1 54.8 27 3.07 L 548 589 41 24 L 47.0 528 58 1217 L
MIP Yuvileina 55.7 57.6 19 297 L 634 674 39 23 L 53.2 591 59 967 L
MIP Lada 56.9 63.1 62 797 M 60.3 701 99 727" M 56.0 654 94 1467 M
MIP Fortuna 56.4 58.4 20 437 L 594 658 64 377 M 55.4 63.7 83 180" M
MIP Darunok 57.3 65.4 8.0 1257 L 583 63.1 4.8 27" L 54.9 619 70 947 M
MIP Nika 54.9 59.3 44 617 L 574 658 84 487 M 54.0 594 54 23 L
MIP Roksolana 56.2 58.3 21 367 L 578 676 99 647 M 53.8 588 50 9.9 L
MIP Feieriia 55.7 58.7 3.0 537 L 60.0 698 97 77" M 54.4 620 75 957 M
MIP Vidznaka 54.4 57.1 27 517 L 576 653 7.7 537 M 52.4 599 75 104" M
MIP Lakomka 116.5 1317 152 8.6™ H 716 833 1.7 122" H 54.0 610 70 88" M

Comments: *, **, *** — significance level P <0.05, P <0.01, P <0.001; d — difference in the duration of the “emergence to heading” period between plants grown

under a shortened and natural photoperiod; t — Student’s criterion; L — low; M — medium; H — high
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Table 2. Vernalization requirement duration of winter wheat (2021-2023)

2021 2022 2023
55§ S £3E of 53§ of
. = o] o-’(_U = Q © O')(—“ = QO © O‘)E
Variety TE T §o TE T §a o= T o
=085 TEoxX =25 EosX =25 € o X
N 5 =g o D =k o D 5= o @
P O = sog 27 538 2%
=3 g2g =83 22 283 Q¢
Vezha Myronivska 30 100+£0.0 30 100£0.0 30 100£0.0
Avrora Myronivska 40 85+4.9 40 78+4.6 40 94+3.0%
MIP Yuvileina 30 97+2.1 30 82+4 .4 30 100+0.0%#
MIP Lada 40 100+0.0 40 100+0.0 40 100+0.0
MIP Fortuna 30 86+4.9 30 76x4.7 30 88+3.7%
MIP Darunok 40 84+5.5 40 75+5.8 40 83+4.7
MIP Nika 30 91+4 .4 30 72151 30 9642 .47
MIP Roksolana 30 99+1.2 30 80+4.6" 30 100£0.0%#
MIP Feieriia 30 99+1.1 30 78+5.2" 30 100+0.0%#
MIP Vidznaka 30 99+1.1 30 8614.0° 30 100+0.0%#
MIP Lakomka 30 100+£0.0 40 76151 30 8314.6”
Comments: *, ** — significant difference compared to 2021 (P <0.01, P <0.001); #, # ## _ significant difference

compared to 2022 (P <0.05, P <0.01, P <0.001)

Ashorter vernalization duration, on the one hand, contributes to an earlier resumption
of spring vegetation, and thus a more intensive development of plants and an increase
in their productivity. On the other hand, it can cause some decrease in their resistance to
adverse winter conditions. A longer vernalization duration can lead to slower plant deve-
lopment in the spring and a reduction in their productivity (Prasil et al., 2005).

For the identification of vernalization requirement duration genes, it is necessary
to consider both the vernalization requirement and the photoperiod sensitivity of the
parental forms. V. |. Fait et al. (2017) notes that if the vernalization requirement duration
genes are in a recessive state, the variety has the genotype vrd1vrd1vrd2vrd2. Varieties
in which plant heading is caused by the dominant Vrd1 gene have the genotype
Vrd1Vrd1vrd2vrd2, and if by Vrd2, the genotype of the variety will be vrd1vrd1Vrd2Vrd2.
Even if only one allele is in a dominant state, it leads to plant heading. Plants that do not
head have a recessive genotype (Fayt & Popova, 2003).

Vernalization requirement duration under environmental conditions of the Ukrainian
Forest-Steppe was determined also in winter wheat near-isogenic lines with the Vrd gene
system Erythrospermum 604 Vrd1Vrd1vrd2vrd2, Erythrospermum 604 vrd1vrd1Vrd2Vird2
and Erythrospermum 604 vrd1vrd1vrd2vrd?2.

In2023, inthe Erythrospermum 604 Vrd1Vrd1vrd2vrd2line, which carries the dominant
Vrd1 allele, complete plant heading was observed in all artificial vernalization variants. For
the line Erythrospermum 604 vrd1vrd1Vrd2Vrd2, the vernalization requirement duration
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was 30 days. More than 44 % of the Erythrospermum 604 vrd1vrd1vrd2vrd?2 line headed
after 40 days of artificial vernalization, while plants did not head at all after 30 days. In

the variants with 60 and 50 days of vernalization, complete plant heading was observed
(Table 3).

Table 3. Percentage of plants of winter wheat near-isogenic lines that headed at different
periods of artificial vernalization, 2023

; - Vernalization requirement, days
Genotype of near-isogenic line

30 40 50 60
Erythrospermum 604 Vrd1Vrd1vrd2vrd2 100 100 100 100
Erythrospermum 604 vrd1vrd1Vrd2Vrd2 77.2 95.1 100 100
Erythrospermum 604 vrd1vrd1vrd2vrd2 - 44.0 100 100

Hybridological analysis. To determine the allele status of the Vird genes in our
studies, we relied on the obtained F, segregation results. In these populations, we
counted the number of plants that headed and those that remained in the tillering or
stem elongation stage at the time of field harvesting.

V. I. Fayt (2012) notes that the use of 40-day artificial vernalization allows the divi-
sion of the hybrid population into carriers of the Vrd gene(s) in homo- and heterozygous
states (heading plants) and recessive genotypes (non-heading plants).

After 40-day vernalization in the combination of the variety MIP Darunok with the
recessive tester vrd1vrd1vrd2vrd?2 the fact segregation ratio for “heading occurrence:
no heading occurrence” was 97:21, which corresponds to the theoretical ratio of 3:1
(Table 4). This indicates the presence of dominant alleles of the Vrd7 or Vrd2 gene. In
the combination Vird1Vrd1vrd2vrd2 /| MIP Darunok the fact segregation ratio was 131:0,
which corresponds to the theoretical ratio of 1:0. The fact segregation ratio with the
tester vrd1vrd1Vrd2Vrd2 was 127:8, which corresponds to the theoretical ratio of 15:1.
This indicates that the vernalization requirement duration of the MIP Darunok variety is
controlled by the dominant allele of the Vrd7 gene.

Table 4. The segregation ratio in F, population for “heading occurrence: no heading
occurrence” after vernalization duration of 40 days, 2023

vrd1vrd1vrd2vrd2 Vrd1Vrd1vrd2vrd2 vrd1vrd1Vrd2Vrd2
variety k © X = © X : © X
= o = o = o
(0] (0] (0]
E= = E=
MIP Darunok 97:21 3:1 3.24 131:0 1:0 - 127:8 15:1 0.02
MIP Roksolana 68:14  3:1 2.74 121:0 1:0 - 118:11 15:1 1.14
MIP Nika 16:38  3:1 0.009 673 151 046 109:0 1:0 -
MIP Feieriia 85:2 1511 232 105:.0 1:0 - 73:0 1:0 -
MIP Vidznaka 110:5 15:1 0.71 98:0 1:0 - 115:0 1:0 -

Comment: * x°< 3.84
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Such segregation is also observed in the population created by crossing the winter
wheat variety MIP Roksolana with these testers. In the combination Vrd1Vrd1vrd2vrd2 /
MIP Roksolana the fact segregation ratio for “heading occurrence: no heading occur-
rence” was 121:0, which corresponds to the theoretical ratio of 1:0. In the combina-
tions with the testers vrd1vrd1Vrd2Vrd2 and vrd1vrd1vrd2vrd?2 the fact segregation ratio
was 118:11 and 68:14 respectively, which corresponds to the theoretical ratio of 15:1
and 3:1, respectively. This indicates that the vernalization requirement duration of the
MIP Roksolana variety is also controlled by the dominant Vrd1 allele.

The segregation ratio in populations Vrd1Vrd1vrd2vrd2 | MIP Nika, the fact seg-
regation ratio was 67:3, which corresponds to the theoretical ratio of 15:1. In the com-
bination with the vrd1vrd1Vrd2Vrd2 tester, the fact segregation ratio was 109:0, which
corresponds to the theoretical ratio of 1:0. In the combination with the recessive tester
vrd1vrd1vrd2vrd2, the fact segregation ratio was 16:38, which corresponds to the theo-
retical ratio of 3:1. This indicates the presence of the dominant allele of the Vrd2 gene
in the MIP Nika variety.

In the combinations of the varieties MIP Feieriia and MIP Vidznaka with the tester of
recessive genes (vrd1vrd1vrd2vrd?2) the fact segregation ratio was 85:2 and 110:5 respec-
tively, which corresponds to the theoretical ratio of 15:1 for both. The absence of segrega-
tion (all plants headed) in the combinations of these varieties with the Vrd1Vrd1vrd2vrd2
and vrd1vrd1Vrd2Vrd2 testers indicates the identity of the Vrd genes in these varieties
and the corresponding testers. Thus, the MIP Feieriia and MIP Vidznaka varieties have
dominant alleles of both Vrd1 and Vrd2 genes in their genotypes.

Therefore, based on the results of the hybridological analysis using tester lines, the
presence of the dominant allele of the Vrd7 gene, which contributes to the reduction of
the vernalization requirement duration, was established in the genotypes of the varieties
MIP Darunok and MIP Roksolana (Table 5). In the MIP Nika variety, the vernalization
requirement duration is controlled by the dominant allele of the Vrd2 gene, whereas in
the MIP Feieriia and MIP Vidznaka varieties is controlled by two dominant alleles of the
Vrd1 and Vrd2 genes.

Table 5. Genotypes of winter bread wheat varieties by Vrd genes, 2023

Variety Genotype Alleles of genes*
MIP Darunok Vrd1Vrd1vrd2vrd2 Vird1vrd2
MIP Roksolana Vrd1Vrd1vrd2vrd2 Vird1vrd2
MIP Nika vrd1vrd1Vrd2Vrd2 vrd1Vrd2
MIP Feieriia Vrd1Vrd1Vrd2Vrd2 Vird1Vrd2
MIP Vidznaka Vrd1Vrd1Vrd2Vrd2 Vird1Vrd2

Comment: * only the dominant alleles of the gene present in the tester’s genotype are indicated

The identified varieties can be used as donors of dominant Vrd gene alleles when
selecting parental forms for crossing in breeding programs for vegetation period duration.
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CONCLUSIONS

1.

It was determined that winter wheat varieties MIP Lada, MIP Fortuna, MIP
Darunok, MIP Feieriia and MIP Vidznaka are characterized by medium pho-
toperiod sensitivity. The Vezha Myronivska, Avrora Myronivska, MIP Yuvileina,
MIP Nika and MIP Roksolana varieties were identified as having low photo-
period sensitivity. In the MIP Lakomka variety, a high photoperiod sensitivity was
noted.

For normal generative development, the varieties Vezha Myronivska, MIP
Yuvileina, MIP Fortuna, MIP Nika, MIP Roksolana, MIP Feieriia, MIP Vidznaka
and MIP Lakomka required vernalization duration for 30 days. The Avrora
Myronivska, MIP Lada and MIP Darunok varieties required vernalization dura-
tion for 40 days.

In the varieties MIP Darunok and MIP Roksolana, the presence of the dominant
allele of the Vrd7 gene, which contributes to the reduction of the vernalization
requirement duration, was established in their genotypes using tester lines. In
the MIP Nika variety, the vernalization requirement duration is controlled by the
dominant allele of the Vrd2 gene, whereas in varieties MIP Feieriia and MIP
Vidznaka, it is controlled by two dominant alleles of the Vrd7 and Vrd2 genes.

ACKNOWLEDGMENTS AND FUNDING SOURCES

This work was supported by the “Peculiarities of the Formation of Signs and
Properties of Grain Crops, which Determine Resistance to Abiotic Stress Factors, in the
Conditions of the Forest-Steppe of Ukraine using Biotechnological and Physiological-
Genetic Methods” State Budget Project No 0121U100435

COMPLIANCE WITH ETHICAL STANDARDS

Conflict of Interest: the authors declare that the research was conducted in
the absence of any commercial or financial relationships that could be construed as
a potential conflict of interest.

Animal Rights: this article does not contain any studies with animal subjects
performed by any of the authors.

AUTHOR CONTRIBUTIONS

Conceptualization, [T.Y.; S.P.; A.P.]; methodology, [T.Y.; A.P.]; validation, [T.Y.];
formal analysis, [T.Y.; S.P.; A.P.]; investigation, [T.Y.; S.P.,; A.P.; M.K/]; resources, [0.D.;
V.K.]; writing — review and editing, [T.Y.; S.P.; A.P.]; visualization, [T.Y.; S.P.; A.P],
supervision, [0.D.; V.K.]; project administration, [O.D.; V.K.].

All authors have read and agreed to the published version of the manuscript.

REFERENCES

Amo, A., Serikbay, D., Song, L., Chen, L., & Hu, Y. G. (2022). Photoperiod and vernalization alleles
and their combinations greatly affected phenological and agronomic traits in bread wheat under
autumn and spring sowing conditions. BioRxiv, 2022-05. doi:10.1101/2022.05.13.491906
Crossref @ Google Scholar

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) e bionoriuxi Ctyaii / Studia Biologica e 2025 e Tom 19/ Ne 1 e C. 87-101


https://doi.org/10.1101/2022.05.13.491906
https://scholar.google.com/scholar_lookup?&title=Photoperiod%20and%20vernalization%20alleles%20and%20their%20combinations%20greatly%20affected%20phenological%20and%20agronomic%20traits%20in%20bread%20wheat%20under%20autumn%20and%20spring%20sowing%20conditions&journal=BioRxiv&volume=15&pages=2022-2005&publication_year=2022&author=Amo%2CA&author=Serikbay%2CD&author=Song%2CL&author=Chen%2CL&author=Hu%2CY-G

98 Tetiana Yurchenko, Serhii Pykalo, Oleksandr Demydov et al.

Atar, B. (2020). Determination of the yield performance and partial seed vernalization response
of wheat varieties in late spring sowing. International Journal of Agriculture Forestry and Life
Sciences, 4(1), 99-106.

Google Scholar

Balashova, I. A., Fayt, V. |., Zavesha, E. K., & Sivolap, Y. M. (2006). Markirovanie gena Vrd7 u
pshenitsi miagkoy ozimoy [Marking of the Vrd7 gene in the bread winter wheat]. Cytology and
Genetics, 40(6), 11-14. (In Russian)

PubMed e Google Scholar

Baloch, D. M., Karow, R. S., Marx, E., Kling, J. G., & Witt, M. D. (2003). Vernalization studies with
Pacific Northwest wheat. Agronomy Journal, 95(5), 1201-1208. doi: 10.2134/agronj2003.1201
Crossref @ Google Scholar

Bloomfield, M. T., Celestina, C., Hunt, J. R., Huth, N., Zheng, B., Brown, H., Zhao, Z., Wang, E.,
Stefanova, K., Hyles, J., Rathjen, T., & Trevaskis, B. (2023). Vernalisation and photoperiod
responses of diverse wheat genotypes. Crop and Pasture Science, 74(5), 405-422.
doi:10.1071/cp22213
Crossref @ Google Scholar

Braun, H. J., & Saulescu, N. N. (2002). Breeding winter and facultative wheat. In: B. C. Curtis,
S. Rajaram, & H. Gémez Macpherson (Eds.), Bread wheat: improvement and production
(pp. 217-226). Rome, ltaly: Food and Agriculture Organization of the United Nations.
Google Scholar

Demydov O. A. (Ed.), Bulavka H. V., Yurchenko, T. V., Pirych A. V., & Humeniuk, O. V. (2019).
Vlyznachennia tryvalosti periodu yarovyzatsii ta fotoperiodychnoi chutlyvosti zrazkiv pshenytsi
miakoi ozymoi (Triticum aestivum L.) [Determining vernalization requirement duration and
photoperiodical sensitivity in winter bread wheat (Triticum aestivum L.) varieties]. Myronivka:
N.p. (In Ukrainian)

Deng, W., Casao, M. C., Wang, P., Sato, K., Hayes, P. M., Finnegan, E. J., & Trevaskis, B. (2015).
Direct links between the vernalization response and other key traits of cereal crops. Nature
Communications, 6(1), 5882. doi:10.1038/ncomms6882
Crossref @ PubMed e Google Scholar

Distelfeld, A., Li, C., & Dubcovsky, J. (2009). Regulation of flowering in temperate cereals. Current
Opinion in Plant Biology, 12(2), 178-184. doi:10.1016/j.pbi.2008.12.010
Crossref @ PubMed e Google Scholar

Fait, V. I. (2007). Effects of genes that control the length of vernalization (Vrd) from agronomic
features in soft winter soft wheat. Cytology and Genetics, 41(5), 276-283. doi:10.3103/
S0095452707050039
Crossref @ Google Scholar

Fait, V. I., Pohrebniuk, O. O., & Stelmakh, A. F. (2017). Identyfikatsiia ta efekty aleliv hena Vrd2
za hospodarsko tsinnymy oznakamy pshenytsi v umovakh Pivdennoho Stepu Ukrainy
[Identification and effects of alleles of gene Vrd2 according to economically valuable attributes
of wheat in conditions of South Steppe of Ukraine]. Bulletin of Agricultural Science, 95(6),
41-47. doi:10.31073/agrovisnyk201706-07 (In Ukrainian)

Crossref @ Google Scholar

Fayt, V. I. (2002). Sozdanie pochti izogennyih i kongennyih liniy myagkoy ozimoy pshenitsyi po
genam kontrolya prodolzhitelnosti yarovizatsii — Vrd [Creation of near-isogenic and congenic
lines of soft winter wheat from the Vrd genes that control length of vernalization]. Collected
Scientific Articles Plant Breeding and Genetics Institute — National Center of Seed and
Cultivars Investigation, 2(42), 37-46. (In Russian)

Google Scholar

Fayt V. I. (2003). Geneticheskaya sistema kontrolya razlichii po prodolzhitelnosti yarovizatsii u
ozimoi myagkoi pshenitsi [Genetic control system of the differences in duration of vernalization
in winter common wheat]. Cytology and Genetics, 37(5), 57—-64. (In Russian)

PubMed e Google Scholar

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) ¢ BionoriyHi CTyaii / Studia Biologica e 2025 ¢ Tom 19/ Ne 1 e C. 87-101


https://scholar.google.com.ua/scholar_lookup?title=Determination+of+the+yield+performance+and+partial+seed+vernalization+response+of+wheat+varieties+in+late+spring+sowing&btnG=
https://pubmed.ncbi.nlm.nih.gov/17243370/
https://scholar.google.com.ua/scholar_lookup?title=Marking+of+the+Vrd1+gene+in+the+bread+winter+wheat&btnG=
https://doi.org/10.2134/agronj2003.1201
https://scholar.google.com.ua/scholar_lookup?title=Vernalization+Studies+with+Pacific+Northwest+Wheat&btnG=
https://doi.org/10.1071/CP22213
https://scholar.google.com.ua/scholar_lookup?title=Vernalisation+and+photoperiod+responses+of+diverse+wheat+genotypes&btnG=
https://scholar.google.com.ua/scholar_lookup?title=Breeding+winter+and+facultative+wheat&btnG=
https://doi.org/10.1038/ncomms6882
https://pubmed.ncbi.nlm.nih.gov/25562483/
https://scholar.google.com.ua/scholar_lookup?title=Direct+links+between+the+vernalization+response+and+other+key+traits+of+cereal+crops&btnG=
https://doi.org/10.1016/j.pbi.2008.12.010
https://pubmed.ncbi.nlm.nih.gov/19195924/
https://scholar.google.com.ua/scholar_lookup?title=Regulation+of+flowering+in+temperate+cereals&btnG=
https://doi.org/10.3103/S0095452707050039
https://scholar.google.com.ua/scholar_lookup?title=Effects+of+genes+that+control+the+length+of+vernalization+%28Vrd%29+from+agronomic+features+in+soft+winter+soft+wheat&btnG=
https://doi.org/10.31073/agrovisnyk201706-07
https://scholar.google.com.ua/scholar_lookup?title=%D0%86%D0%B4%D0%B5%D0%BD%D1%82%D0%B8%D1%84%D1%96%D0%BA%D0%B0%D1%86%D1%96%D1%8F+%D1%82%D0%B0+%D0%B5%D1%84%D0%B5%D0%BA%D1%82%D0%B8+%D0%B0%D0%BB%D0%B5%D0%BB%D1%96%D0%B2+%D0%B3%D0%B5%D0%BD%D0%B0+Vrd2+%D0%B7%D0%B0+%D0%B3%D0%BE%D1%81%D0%BF%D0%BE%D0%B4%D0%B0%D1%80%D1%81%D1%8C%D0%BA%D0%BE+%D1%86%D1%96%D0%BD%D0%BD%D0%B8%D0%BC%D0%B8+%D0%BE%D0%B7%D0%BD%D0%B0%D0%BA%D0%B0%D0%BC%D0%B8+%D0%BF%D1%88%D0%B5%D0%BD%D0%B8%D1%86%D1%96+%D0%B2+%D1%83%D0%BC%D0%BE%D0%B2%D0%B0%D1%85+%D0%9F%D1%96%D0%B2%D0%B4%D0%B5%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE+%D0%A1%D1%82%D0%B5%D0%BF%D1%83+%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D0%B8&hl=uk&authuser=2
https://scholar.google.com.ua/scholar_lookup?title=%D0%A1%D0%BE%D0%B7%D0%B4%D0%B0%D0%BD%D0%B8%D0%B5+%D0%BF%D0%BE%D1%87%D1%82%D0%B8+%D0%B8%D0%B7%D0%BE%D0%B3%D0%B5%D0%BD%D0%BD%D1%8B%D1%85+%D0%B8+%D0%BA%D0%BE%D0%BD%D0%B3%D0%B5%D0%BD%D0%BD%D1%8B%D1%85+%D0%BB%D0%B8%D0%BD%D0%B8%D0%B9+%D0%BC%D1%8F%D0%B3%D0%BA%D0%BE%D0%B9+%D0%BE%D0%B7%D0%B8%D0%BC%D0%BE%D0%B9+%D0%BF%D1%88%D0%B5%D0%BD%D0%B8%D1%86%D1%8B+%D0%BF%D0%BE+%D0%B3%D0%B5%D0%BD%D0%B0%D0%BC+%D0%BA%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D1%8F+%D0%BF%D1%80%D0%BE%D0%B4%D0%BE%D0%BB%D0%B6%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D0%B8+%D1%8F%D1%80%D0%BE%D0%B2%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D0%B8&hl=uk&authuser=2
https://pubmed.ncbi.nlm.nih.gov/14650328/
https://scholar.google.com.ua/scholar_lookup?title=Genetic+control+system+of+the+differences+in+duration+of+vernalization+in+winter+common+wheat&btnG=

STUDY OF VERNALIZATION REQUIREMENT AND PHOTOPERIOD SENSITIVITY IN WINTER WHEAT VARIETIES OF MYRONIVKA... 99

Fayt, V. I. (2012). Identyfikatsiia henofondu ozymoi miakoi pshenytsi (Triticum aestivum L.) za
henamy tryvalosti potreby v yarovyzatsii (Vrd) [Identification of winter bread wheat (Triticum
aestivum L.) gene pool for the genes of vernalization requirement duration (Vrd)]. Plant
Genetic Resources, 10/11, 212-219. Retrieved from http://genres.com.ua/assets/files/10/26.pdf
(In Ukrainian)

Google Scholar

Fayt, V. |, & Popova, N. V. (2003). Prodolzhitelnost yarovizatsii i fotoperiodicheskaya
chuvstvitelnost pochti izogennyih po genam Vrd liniy ozimoy myagkoy pshenitsyi [Duration
of vernalization and photoperiodic sensitivity of winter bread wheat lines almost isogenic for
Vrrd genes). The Bulletin of Kharkiv National Agrarian University. Series Biology, 5, 47-53.
(In Russian)

Google Scholar

Fayt, V. I, Sarancha, I. O., & Stelmakh, A. F. (2013). Fotoperiodychna chutlyvist i potreba
v yarovyzatsii netypovoho za tempamy rozvytku sortu pshenytsi Istra 1 [Photosensitivity and
vernalization requirement in untypical by developmental rate wheat cultivar Istra 1]. Agrarian
Bulletin of the Black Sea Littoral, 70, 117—-119. (In Ukrainian)

Google Scholar

Filip, E., Woronko, K., Stepien, E., & Czarniecka, N. (2023). An overview of factors affecting the
functional quality of common wheat (Triticum aestivum L.). International Journal of Molecular
Sciences, 24(8), 7524. doi:10.3390/ijms24087524
Crossref « PubMed e PMC e Google Scholar

Firat, A. (2020). Investigations on the effect of genes controlling response to vernalization on
adaptation of common wheat (Triticum aestivum L.). Ekin Journal of Crop Breeding and
Genetics, 6(2), 69-82.

Google Scholar

Gendron, J. M., & Staiger, D. (2023). New horizons in plant photoperiodism. Annual Review of
Plant Biology, 74(1), 481-509. doi:10.1146/annurev-arplant-070522-055628
Crossref @« PubMed e PMC e Google Scholar

Jin, F. F., & Wei, L. (2016). The expression patterns of three VRN genes in common wheat
(Triticum aestivum L.) in response to vernalization. Cereal Research Communications, 44(1),
1-12. doi:10.1556/0806.43.2015.041
Crossref ® Google Scholar

Johansson, E., Muneer, F., & Prade, T. (2023). Plant breeding to mitigate climate change — present
status and opportunities with an assessment of winter wheat cultivation in Northern Europe
as an example. Sustainability, 15(16), 12349. doi:10.3390/su151612349
Crossref ® Google Scholar

Milec, Z., Strejckova, B., & SafaF, J. (2023). Contemplation on wheat vernalization. Frontiers in
Plant Science, 13, 1093792. doi:10.3389/fpls.2022.1093792
Crossref « PubMed e PMC e Google Scholar

Osnato, M., Cota, I., Nebhnani, P., Cereijo, U., & Pelaz, S. (2022). Photoperiod control of plant
growth: flowering time genes beyond flowering. Frontiers in Plant Science, 12, 805635.
doi:10.3389/fpls.2021.805635
Crossref « PubMed e PMC e Google Scholar

Pérez-Gianmarco, T. |., Severini, A. D., & Gonzalez, F. G. (2020). Photoperiod-sensitivity genes
(Ppd-1): quantifying their effect on the photoperiod response model in wheat. Journal of
Experimental Botany, 71(3), 1185-1198. doi:10.1093/jxb/erz483
Crossref  PubMed e Google Scholar

Pirych, A. V., Yurchenko, T. V., Hudzenko, V. M., Demydov, O. A., Kovalyshyna, H. M.,
Humeniuk, O. V., & Kyrylenko, V. V. (2021). Features of modern winter wheat varieties in terms
of winter hardiness components under conditions of Ukrainian Forest-Steppe. Regulatory
Mechanisms in Biosystems, 12(1), 153—159. doi:10.15421/022123
Crossref ® Google Scholar

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) e bionoriuxi Ctyaii / Studia Biologica e 2025 e Tom 19/ Ne 1 e C. 87-101


http://genres.com.ua/assets/files/10/26.pdf
https://scholar.google.com/scholar_lookup?&title=%D0%86%D0%B4%D0%B5%D0%BD%D1%82%D0%B8%D1%84%D1%96%D0%BA%D0%B0%D1%86%D1%96%D1%8F+%D0%B3%D0%B5%D0%BD%D0%BE%D1%84%D0%BE%D0%BD%D0%B4%D1%83+%D0%BE%D0%B7%D0%B8%D0%BC%D0%BE%D1%97+%D0%BC%27%D1%8F%D0%BA%D0%BE%D1%97+%D0%BF%D1%88%D0%B5%D0%BD%D0%B8%D1%86%D1%96+%28Triticum+aestivum+L.%29+%D0%B7%D0%B0+%D0%B3%D0%B5%D0%BD%D0%B0%D0%BC%D0%B8+%D1%82%D1%80%D0%B8%D0%B2%D0%B0%D0%BB%D0%BE%D1%81%D1%82%D1%96+%D0%BF%D0%BE%D1%82%D1%80%D0%B5%D0%B1%D0%B8+%D0%B2+%D1%8F%D1%80%D0%BE%D0%B2%D0%B8%D0%B7%D0%B0%D1%86%D1%96%D1%97+%28VRD%29&btnG=
https://scholar.google.com.ua/scholar_lookup?title=%D0%9F%D1%80%D0%BE%D0%B4%D0%BE%D0%BB%D0%B6%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D1%8C+%D1%8F%D1%80%D0%BE%D0%B2%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D0%B8+%D0%B8+%D1%84%D0%BE%D1%82%D0%BE%D0%BF%D0%B5%D1%80%D0%B8%D0%BE%D0%B4%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F+%D1%87%D1%83%D0%B2%D1%81%D1%82%D0%B2%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D1%8C+%D0%BF%D0%BE%D1%87%D1%82%D0%B8+%D0%B8%D0%B7%D0%BE%D0%B3%D0%B5%D0%BD%D0%BD%D1%8B%D1%85+%D0%BF%D0%BE+%D0%B3%D0%B5%D0%BD%D0%B0%D0%BC+Vrd+%D0%BB%D0%B8%D0%BD%D0%B8%D0%B9+%D0%BE%D0%B7%D0%B8%D0%BC%D0%BE%D0%B9+%D0%BC%D1%8F%D0%B3%D0%BA%D0%BE%D0%B9+%D0%BF%D1%88%D0%B5%D0%BD%D0%B8%D1%86%D1%8B&btnG=
https://scholar.google.com.ua/scholar_lookup?title=%D0%A4%D0%BE%D1%82%D0%BE%D0%BF%D0%B5%D1%80%D1%96%D0%BE%D0%B4%D0%B8%D1%87%D0%BD%D0%B0+%D1%87%D1%83%D1%82%D0%BB%D0%B8%D0%B2%D1%96%D1%81%D1%82%D1%8C+%D1%96+%D0%BF%D0%BE%D1%82%D1%80%D0%B5%D0%B1%D0%B0+%D0%B2+%D1%8F%D1%80%D0%BE%D0%B2%D0%B8%D0%B7%D0%B0%D1%86%D1%96%D1%97+%D0%BD%D0%B5%D1%82%D0%B8%D0%BF%D0%BE%D0%B2%D0%BE%D0%B3%D0%BE+%D0%B7%D0%B0+%D1%82%D0%B5%D0%BC%D0%BF%D0%B0%D0%BC%D0%B8+%D1%80%D0%BE%D0%B7%D0%B2%D0%B8%D1%82%D0%BA%D1%83+%D1%81%D0%BE%D1%80%D1%82%D1%83+%D0%BF%D1%88%D0%B5%D0%BD%D0%B8%D1%86%D1%96+%D0%86%D1%81%D1%82%D1%80%D0%B0+1&btnG=
https://doi.org/10.3390/ijms24087524
https://pubmed.ncbi.nlm.nih.gov/37108683/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10142556/
https://scholar.google.com.ua/scholar_lookup?title=An+overview+of+factors+affecting+the+functional+quality+of+common+wheat+%28Triticum+aestivum+L.%29&btnG=
https://scholar.google.com.ua/scholar_lookup?title=Investigations+on+the+effect+of+genes+controlling+response+to+vernalization+on+adaptation+of+common+wheat+%28Triticum+aestivum+L.%29&btnG=
https://doi.org/10.1146/annurev-arplant-070522-055628
https://pubmed.ncbi.nlm.nih.gov/36854481/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11114106/
https://scholar.google.com.ua/scholar_lookup?title=New+horizons+in+plant+photoperiodism&hl=uk&authuser=2
https://doi.org/10.1556/0806.43.2015.041
https://scholar.google.com.ua/scholar_lookup?title=The+expression+patterns+of+three+VRN+genes+in+common+wheat+%28Triticum+aestivum+L.%29+in+response+to+vernalization&btnG=
https://doi.org/10.3390/su151612349
https://scholar.google.com.ua/scholar_lookup?title=Plant+Breeding+to+Mitigate+Climate+Change+%E2%80%93+Present+Status+and+Opportunities+with+an+Assessment+of+Winter+Wheat+Cultivation+in+Northern+Europe+as+an+Example&btnG=
https://doi.org/10.3389/fpls.2022.1093792
https://pubmed.ncbi.nlm.nih.gov/36684728/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9853533/
https://scholar.google.com.ua/scholar_lookup?title=Contemplation+on+wheat+vernalization&hl=uk&authuser=2
https://doi.org/10.3389/fpls.2021.805635
https://pubmed.ncbi.nlm.nih.gov/35222453/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8864088/
https://scholar.google.com.ua/scholar_lookup?title=Photoperiod+control+of+plant+growth%3A+flowering+time+genes+beyond+flowering&btnG=
https://doi.org/10.1093/jxb/erz483
https://pubmed.ncbi.nlm.nih.gov/31665496/
https://scholar.google.com.ua/scholar_lookup?title=Photoperiod-sensitivity+genes+%28Ppd-1%29%3A+quantifying+their+effect+on+the+photoperiod+response+model+in+wheat&btnG=
https://doi.org/10.15421/022123
https://scholar.google.com.ua/scholar_lookup?title=Features+of+modern+winter+wheat+varieties+in+terms+of+winter+hardiness+components+under+conditions+of+Ukrainian+Forest-Steppe&btnG=

100 Tetiana Yurchenko, Serhii Pykalo, Oleksandr Demydov et al.

Prasil, I. T., Prasilova, P.,, & Pankova, K. (2005). The relationship between vernalization
requirement and frost tolerance in substitution lines of wheat. Biologia Plantarum, 49(2),
195-200. doi:10.1007/s10535-005-5200-2
Crossref ® Google Scholar

Stelmakh, A. F., & Fait, V. I. (2019). Osoblyvosti tempiv pochatkovoho rozvytku novukh
evropeiskykh sortiv ozymoyi pshenytsi miakoyi u zviazku z systemamy geniv Ppd-1 ta Vrd
[Related to Ppd-1 and Vrd gene systems peculiarities of initial development rate in new
European winter bread wheat cultivars]. Factors in Experimental Evolution of Organisms, 24,
166-171. doi:10.7124/feeo.v24.1095 (In Ukrainian)

Crossref ® Google Scholar

Stelmakh, A., Zolotova, N., & Fayt, V. (2005). Genetic analysis of differences in duration
vernalization requirement of winter bread wheat. Cereal Research Communications, 33(4),
713-718. doi:10.1556/crc.33.2005.2-3.139
Crossref @ Google Scholar

Tadesse, W., Sanchez-Garcia, M., Assefa, S. G., Amri, A., Bishaw, Z., & Ogbonnaya, F. C. (2019).
Genetic gains in wheat breeding and its role in feeding the world. Crop Breeding, Genetics
and Genomics, 1, e190005. doi:10.20900/cbgg20190005
Crossref @ Google Scholar

Totsky, V. N., Muterko, A. F., Balashova, I. A., & Diachenko, L. F. (2011). Henetychni mekhanizmy
determinatsii fotoperiodychnoi reaktsii pshenytsi [Genetic mechanism of photoperiodism
determination of wheat]. Biological Systems, 3(1), 19-25. (In Ukrainian)

Google Scholar

Yoshida, T., Nishida, H., Zhu, J., Nitcher, R., Distelfeld, A., Akashi, Y., Kato, K., & Dubcovsky, J.
(2010). Vrn-D4 is a vernalization gene located on the centromeric region of chromosome 5D
in hexaploid wheat. Theoretical and Applied Genetics, 120(3), 543-552. doi:10.1007/s00122-
009-1174-3
Crossref @ PubMed e Google Scholar

Zahra, N., Hafeez, M. B., Wahid, A., Al Masruri, M. H., Ullah, A., Siddique, K. H., & Farooq, M.
(2023). Impact of climate change on wheat grain composition and quality. Journal of the
Science of Food and Agriculture, 103(6), 2745-2751. doi:10.1002/jsfa.12289
Crossref @ PubMed e Google Scholar

Zhang, X. K., Xiao, Y. G., Zhang, Y., Xia, X. C., Dubcovsky, J., & He, Z. H. (2008). Allelic
variation at the vernalization genes Vim-A1, Vim-B1, Vin-D1, and Vrn-B3 in Chinese wheat
cultivars and their association with growth habit. Crop Science, 48(2), 458—470. doi:10.2135/
cropsci2007.06.0355
Crossref @ Google Scholar

BMBYEHHS APOBU3ALIMHOI NOTPEBU TA ®OTONEPIOANYHOI YYTNUBOCTI
Y COPTIB MLWEHULI O3UMOI MUPOHIBCbLKOI CENEKLII B YMOBAX
LIEHTPAIIbHOIO NICOCTENY YKPAIHU

TemsiHa FOp4eHko, Cepeili lNukano, OnekcaHop Qemudos,
BanenmuH Koumapcbkulti, AniHa lMipu4, Muxatiso Xap4yeHko

MupoHiscbkuti iHcmumym nweHuyi imeHi B. M. Pemecnia HAAH YkpaiHu
syn. LlenmpansHa, 68, c. LleHmpanbHe, Kuiscbka 0651. 08853, YkpaiHa

Bctyn. ApoBusauiiHa notpeba Ta dotonepioguyHa YyTIUBICTb € BaXKITMBUMMU
NMOKa3HMKaMU, OCKiMbKM BOHM BM3HAYalTb afanTUMBHICTb POCINH A0 YMOB HaBKOSULL-
HbOrO cepefoBuLLa. XapakTepUCTMKa CydacHUX FeHOTUMIB MLWEHULi 03MMOI 3a reHe-
TUYHMMM CMCTEMaMW, LLIO BM3HAYaloTb MPOoOLECH SSpoBM3aLiil, € akTyanbHUM 3aBOaHHAM
CbOTOOEHHS.
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MaTepianu Ta meToaun. BuByanu copTu nweHULi 03MMoi MUPOHIBCBKOI CenekLii —
Bexxa mupoHiBcbka, ABpopa MupoHiscbka, MINM KOBinenna, MIMN Jlaga, MIIM ®opTtyHa,
MI OapyHok, MIT Hika, MIlN Pokconana, MITN ®eepis, MIN BigsxHaka ta MIM Jlakomka.
Bu3HauyeHHs1 TpMBanocTi ApoBU3aLiiHOI NoTpebu ihoTonepiognyHoOI Yy TNMBOCTI COPTIB
nweHnLio3nmoinposoaunuaametrogmiHuMmmnpekomergauiasmmO.A. Jemmaosa(demumaos
ma iH., 2019). [’'aTb copTiB NweHuyi M’akoi o3nmoi MITN OapyHok, MII PokconaHa, MIT
Hika, MII ®eepisa ta MIIN Big3Haka Oynu cxpelleHi 3a HEMOBHOK AianenibHOK CXe-
MOI0 3 TPbOMa MalXe i30reHHUMM NiHigamun, oTpumanmmu Big Erythrospermum 604 3 pis-
HUMW reHoTMnamm 3a cuctemoto rerie Vrd: 1) Vird1Vrd1vrd2vrd2, 2) vrd1vrd1Vrd2Vrd2
i vrd1vrd1vrd2vrd2. TiGpugonoriyHnii aHanis nposogunu B nonynsauisax F, merogom
NOPIBHAHHA haKTUYHOI cerperauii KiflbKOCTi (peHOTMMIB POCIVH i3 TEOPETUYHO OYiKyBa-
HOM 3 BUKOPUCTaHHSAM X? KpUTEPIto.

Pesynbratn. Coptn Bexa MupoHiBcbka, ABpopa MupoHiecbka, MIM HOBinenHa,
MIIM Hika ta MI PokconaHa npogeMoHCTpyBanu H1U3bKY hoTonepiognyHy Y4yTrmBICTb;
coptn MIM Jlaga, MIIM ®optyHa, MIIM OapyHok, MIIMT ®eepis ta MIN BigsHaka manu
cepegHio YyTnuBiCTb Ao chotonepioay; copT MIM Jlakomka xapaktepusyBaBcs BUCO-
Kot choTonepiognyHoto dyTtnmeicTio. CopTu Bexa mupoHieceka, MIM HOBinerHa, MIT
doptyHa, MIM Hika, MIM Pokconana, MIIM ®eepia, MIN BiasHaka ta MIlN Jlakomka
notpebyBanu TpmBanocTi apoBusauiriHoi notpebu 30 ib, Toai sk copTn ABpopa MmUpo-
HiBcbka, MIT Nlaga ta MIIM OapyHok — 40 gi6. Pe3ynbraTtu ribpuaonoriyHoro aHaniay
BKa3yloTb Ha HadABHICTb AoMiHaHTHoro anena Vrd71 y coptie MIIM HapyHok Tta MIM
PokconaHa, sikunin cnpusae CKoOpoYeHH0 TpuBanocTi sposuaauii. Y copty MIlM Hika tpu-
BanicTb APOBM3aLiiHOI MOTPEON KOHTPOMKETLCS AOMIHAHTHUM anernem Vrd2, BogHoyac
y coptie MIIN ®eepis ta MIN Big3Haka — gBoMa AOMiHAHTHUMMK anensamu rexis Vird1
Ta Vrd2.

BucHoBku. OTpumaHi pesynbTatv BKasylTb Ha MOXIUBICTb PEKOMOiIHyBaTU
B reHOTUMI NWEeHNULi 031MMOI Pi3Hi PiBHI NpoABY POTONEPIOANYHOT YYTNMBOCTI Ta SPOBU-
3aLUiiHOi MOTpebn 3a JOMOMOrOK CenekLii, a TakoX Po3pobnsaATM CopTH 3 IXHIM OMTK-
ManbHUM NOEAHAHHAM ANS NEBHUX EKOSOMNYHMUX YMOB.

Knroyoei crioea: nuweHnus o3nma, TpuBanicTb  SIPOBM3AUiHOI  NoTpedw,
doTonepiognyHa YyTnmMBICTb, riOPUAONOriYHNIA aHanis3, copT
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