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[TorpebHOCTh B SIPOBU3ALIMHU — ONPENEICHHOE MO MPOJOHKUTEIHHOCTH BIUSHUE HU3KUX TOJI0-
JKUTCIIBHBIX TEMIIEpATyp C LCJIBIO O6eCHe‘-I6HI/I$I nepexoaa paCTeHI/Iﬁ K IT€HEpaTuBHOMY pPa3BUTUIO.
Ecnu TpeboBaHMe 1O MPOAOIKUTENFHOCTH SPOBU3ANNN HE BBITTOTHSICTCS, PACTEHHE HE BCTYyIaeT
B CTa/int0 00pa30BaHUs TeHEPATUBHBIX OpraHoB. OmnpeseneHa sipoOBU3AIMOHHAS TTOTPEOHOCTh 00-
Pa3loB O03MMOM MSTKOHM MIIEHUIIBI PA3IMYHOTO TeorpaduuecKkoro mpoucxoxkaeHus. JlaHa oneHka
BJIMSIHUA TTPOAOJDKUTCIIBHOCTHU IICPUOJa APOBU3ALIUN HA CTCIICHD BBIPAXKCHHOCTHU 3JIEMCHTOB CTPYK-
TYpBI yporkasi. MaTepranoM HCCIIeI0BaHus CIYKHIH 15 copTooOpa3iioB 03MMOM MSTKOW MIIEHUITBI
pasnuaHOrO reorpaduyueckoro mpoucxoxkaeHus. OOpasmpl mpopamuBaid B OyMakKHBIX pyTOHaX,
3aTeM SIPOBHU3UPOBAIH B KIIMMaTHIECKON kKaMmepe mpu Temneparype 3—5 °C ua mpotsnkernn 60, 50,
40 cyT. [1o oxoHYaHUM IPOBHU3AINHY BBICAXKHUBAIN B TeTutnIe 1Mo 10 pacTeHnii kaxxaoro oopasna. Ot-
MeYali JIaThl HACTYIUICHUs ()eHOJIOTHUecKuX (pa3: BhIXOJa B TPYOKY, KOJOMICHHUs, IIBeTeHHS. J[s
OTIPEICICHUSI OCHOBHBIX DJIEMEHTOB CTPYKTYPBI YPOXKasi IPOBEACH CTPYKTYPHBIN aHAIU3 PACTCHUI.
C yBeJIMYeHHEM MepUoJia SIPOBU3ALMH OTMEUCHO COKpAIICHHE MEX(a3HbIX MEPUOIOB OT BBIXOJA
B pr6Ky J0 IBETCHUA. Bnusane CPOKOB spOBHU3allMUM OTMCUYCHO Ha MPOABJICHUC IPU3HAKA JJIMHA
KOJIOCa. YCTAHOBJIEHO, YTO 001Iee KOJTMYECTBO CTeOIel 1 KOJTMIECTBO IPOIyKTHBHBIX CTEOIIEH 1Mod-
TH y BCEX COPTOB YMEHBIIAETCS C YBEITHMUECHUEM TIeproia ApOBU3AIUH. BBIABICHBI CyIIECTBEHHBIE
pa3Iuuns MEXy KOJUICKIIMOHHBIMHU COPTAMU B IIOTPEOHOCTH SIPOBU3AIUH, 00YCIOBICHHBIC KaK HX
reorpauuecKuM MPOUCXOXKACHUEM, TaK U TEHOTHIIOM pacTeHHU. Y BceX M3ydaeMbIX (opM C yBe-
JIMYCHUCM II€puo/ia sIpoBU3allU B pa3J'IH'—IHOI71 CTCIICHU YBCIMYHMBAJICA TCMII pa3BUTUA PACTCHUA,
YMEHBITIAIACH 00111ee KOTUICCTBO CTEONICH, TPOAYKTHUBHBIN CTECOIECTON U JUTMHA KOJIOCA.

KuroueBble ciioBa: o3uMas MIICHAIIA, SPOBHU3AIIHS, COPT, TeHEPATUBHAS CTaINS Pa3BUTHA
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The need for vernalization is a duration-dependent effect of low, positive temperatures in order
to ensure the plants' transition to generative development. If the requirement for the duration of
germination is not met, the plant will not enter the stage of forming generative organs. The vernal-
ization requirements of winter soft wheat samples of different geographical origins are determined.
An assessment of the vernalization period duration influence on the severity of the elements of the
yield structure is given. The research material consisted of 15 cultivars of soft winter wheat of vari-
ous geographic origin. The samples were germinated in paper rolls, then vernalized in a climatic
chamber at a temperature of 3—5 °C for 60, 50, and 40 days. At the end of vernalization, 10 plants of
each sample were planted in a greenhouse. The dates of the onset of phenological phases were noted:
tube emergence, earing, flowering. To determine the main elements of the yield structure, a structural
analysis of plants was carried out. With an increase in the vernalization period, a decrease in the interfa-
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cial periods from tube emergence to flowering was noted. The influence of the timing of vernalization
was noted on the manifestation of the spike length trait. It was found that the total number of stems
and the number of productive stems in almost all varieties decreases with an increase in the period of
vernalization. Significant differences between collection varieties in the need for vernalization, due to
both their geographical origin and the genotype of plants are revealed. In all the studied forms, with an
increase in the period of vernalization, the rate of plant development increased to varying degrees, the
total number of stems, the productive stem and the length of the spike decreased.
Keywords: winter wheat, vernalization, variety, generative stage of development
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INTRODUCTION

In the process of evolutionary development
in the species of soft winter wheat Triticum aes-
tivum L., a variety of genetic mechanisms have
emerged that allow to control the adaptive reac-
tions regulated by the action of temperature [1,
2]. The duration of the growing season in soft
wheat is an important adaptive trait that deter-
mines the productivity of the plant and resis-
tance to biotic and abiotic factors: drought, low
temperatures, diseases and pests [3]. Genes of
sensitivity to vernalization (VRN) are the main
genetic systems that determine the duration of
the growing season as a whole, as well as the
duration of the main stages of organogenesis
[4-6]. These genetic systems initiate the transi-
tion of wheat plants from the vegetative to the
generative stage of development. The require-
ment for vernalization is a certain in duration
effect of low positive temperatures in order to
ensure the transition of plants to the generative
development [7]. If the requirement for the du-
ration of vernalization is not fulfilled, the plant
does not enter the stage of formation of gen-
erative organs [8]. The need for low positive
temperatures helps to avoid the effects of ad-

verse environmental factors in late autumn and
winter and to maximize the use of favorable for
growth and development spring and summer
vegetation period.

Winter wheat varieties have significant dif-
ferences in the duration of vernalization - from
15 to 60 days and more [9, 10]. It is believed
that varieties of different geographical origin
are characterized by a certain need in the du-
ration of vernalization [11]. The longer one is
typical for the varieties cultivated in the areas
with a long winter period. With the extensive
use of local varieties, which have been adapt-
ed to certain climatic conditions for decades,
an increase in the need for germination when
moving from south to north was observed [7].
It was found that differences in the duration of
the stage of vernalization affect the length of
the period from seedlings to earing, drought-,
winter- and frost-resistance, the weight of grain
per ear, and yield [11, 12]. Reducing the dura-
tion of the ripening stage to 30-40 days con-
tributes to a significant increase in yield, but
at the same time leads to a decrease in winter-
and frost-resistance of modern varieties [10].
Long-term warming provides high adaptability
to harsh natural conditions, but interferes with
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the rapid development of plants in the spring
[13, 14]. Productivity and adaptability of win-
ter soft wheat varieties are closely related to
the resistance of plants to stressful wintering
conditions. It, in turn, depends on the rate of
passage and duration of organogenesis stages,
which are largely due to the influence of genetic
systems that control the duration of vernaliza-
tion period.

The purpose of the study was to determine
the vernalization requirements of soft winter
wheat samples of different geographical ori-
gin and to evaluate the effect of the duration of
the vernalization period on the elements of the
yield structure.

MATERIAL AND METHODS

The work was carried out in the greenhouse
of the Institute of Cytology and Genetics of
Siberian Branch of the Russian Academy of
Sciences (Novosibirsk) in 2020. The material
for the research was 15 varieties of soft winter
wheat of different geographical origin obtained
from VIR and CIMMYT collections, as well as
from own working collection. Samples were
germinated in paper rolls and then ripened for
60, 50, 40 days in a climatic chamber at 3-5
°C, humidity 85%, illumination 1,500 lux with
duration of illumination 8 hours per day. Af-
ter the end of germination, 10 plants of each
sample were planted in the greenhouse. Plants
were grown under the temperature regime of
18-20 °C, illumination of 4-5 thousand lux on
a sunny day, 2-3 thousand lux on a cloudy day,
and lighting duration of 16 hours per day. The
dates of phenological phases: booting, earing,
flowering were recorded.

The duration of vernalization was considered
sufficient to meet the vernalization requirement
if the plants were completely pruned in 50 days
after planting. After harvesting, a structural
analysis of plants was carried out to determine
the main elements of yield structure according
to the method of VIR'. Statistical calculations
were carried out in the Snedecor program.

RESULTS AND DISCUSSION

The studied samples of winter wheat showed
a different need for the duration of vernaliza-
tion. With its increase the reduction of inter-
phase periods from booting to flowering was
noted.

Seven samples out of 15 (Krasnobskaya ozi-
maya, Novosibirskaya 3, Skipetr, Poema, Lars,
Czech 9015-15, Utes) do not suffice 40 days
to pass the phase of vernalization, so after this
period, they did not go to the generative stage
of development (see Table 1). In these samples,
the increase of the vernalization period from 50
to 60 days led to insignificant (up to 2-4 days)
changes in the rate of development.

Differences in the duration of the interphase
periods in the remaining 8 samples, which en-
tered the heading phase after 40 days, were
more significant and ranged from 2-3 to 8-10
days. Plants of the variety Banko at all stages of
vernalization entered the booting phase simul-
taneously, and only the flowering phase came
two days earlier - at 60 days of vernalization.
For the collection sample Volzhskaya, the dif-
ference between entering the earing and flow-
ering phase at 40 and 60 days of vernalization
was 10 days; the difference in the rate of de-
velopment after vernalization at 50 and 60 days
was negligible and varied from 1 to 2 days.

According to two-factor analysis of variance,
the influence of the studied factors is reliable
(see Table 2). For all the indicators the interac-
tion of the factors "variety" and "vernalization
period" was confirmed. It was the interaction
of factors that had the greatest influence - from
39,3% (productive stem) to 58,6% (ear length).
The share of the influence of the vernalization
period was the greatest in the indicator of the
ear length - 31.4%.

The results of structural analysis of winter
wheat plants of different dates of vernalization
show that both the total number of stems and
the number of productive stems in almost all
varieties decreased with increasing the period
of vernalization (see Table 3). On average, the

'Replenishment, live preservation and study of the world collection of wheat, aegiplos and triticale: guidelines. A.F.
Merezhko, R.A. Udachin, E.V. Zuev et al., SPb, VIR, 1999. - 82 p.
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Taoa. 1. HpO,I[OJ'I)KI/ITGJ'ILHOCTB Me)K(i)aSHLIX MEPUOAOB B 3aBUCHMOCTHU OT NPOAODKUTEILHOCTHU
nepuoaa ApoBu3alinin 03UMOH MOICHUIBI, CYT

Table 1. Duration of interphase periods depending on the duration of the winter wheat vernalization

period, days

Vernalization duration
Variety Origin 60 | 50 | 40 | 60 | 50 | 40 | 60 | 50 | 40
Booting Earing Flowering

Novosibirskaya 40 Novosibirsk region 27 | 30 | 30 | 34 | 33 | 38 | 38 | 38 | 42
gﬁfl‘;;?kaya 20 | 29 | — |38 |40 | - |4 |48 | -
Novosibirskaya 3 28 28 - 37 37 - 41 42 -
Skipetr Moscow region 20 | 30| - |36 |37 | - |3 |42 -
Poema Vladimir region 27 | 29 | - | 34 | 35 | — |38 |38 | -
Volzhskaya Ulyanovsk region 28 | 27 | 37 | 34 | 33 | 44 | 38 | 38 | 48
Banko Germany 24 | 24 | 24 | 33 | 32 | 33 | 36 | 38 | 38
Lars 30 | 35 | - | 36 | 41 | - | 41 | 45 | -
Czech 9015-15 Czech Republic 35 | 37 | — | 43 | 45 | — | 47 | 50 | -
Co 07 W 245 USA 24 | 28 | 31 | 30 | 32 | 38 | 33 | 37 | 41
KS 920-709 26 | 27 | 30 | 31 | 33 | 35 | 36 | 39 | 41
Utes 30 [ 30 | — |34 35| — | 39|41 | -
SWW 1-135 Kazakhstan 29 | 29 | 32 | 33 | 35 | 39 | 37 | 39 | 43
Jeam/Emu Turkey 29 | 30 | 31 | 34 | 34 | 37 | 39 | 39 | 41
Alpu 26 | 27 | 30 | 32 | 33 | 37 | 35 | 36 | 42
LSD, 1211009 | 11 |12]08]10]12]1L1

I[Tpumeuanue. [Ipoyepk o3HaYaeT, 4YTO paCTEHUS HE MEPELUIN B TEHEPATUBHYIO CTaJNIO PA3BUTHSL.

Ta6a. 2. /IByxdakTopHbIii AUCTIEPCHOHHBIN aHAN3 TIOKa3aTenel MPOLyKTHBHOCTH KOJIEKITMOHHBIX
00pa3LoB MATKOW 03MMOM MIIEHHULIBI B 3aBUCUMOCTH OT MPOAOIKUTEIILHOCTH NIEPHOJa SPOBU3ALNN

Table 2. Two-factor analysis of variance indicators of soft winter wheat collection samples
productivity depending on the duration of the vernalization period

Trait
Total number of Productive Grain weight per
stems canopy Ear length plant
Factor Share Share Share e
of the of the of the thsehtéggtgrf' s fble 03
factor's we | factor's it factor's e | influence it
influence, " | influence, " | influence, ' o ’ '
% % % &
General 100 100 100 100
Variety (A) 12,6 5.3 18,3 15,2 4.6 24.4 114 7,1 1.8
(yreieatonperiod 1 y3g 420 | 153 | 864 | 314 1627|108 |464] 30
AxB 43,1 14,7 39,3 18,3 58,6 155,2 44 .4 16,4 1,0
Error 30,5 27,1 5,4 33,4
34  Siberian Herald of Agricultural Science * 2021 « 51 « 6 Plant growing and breeding
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total number of stems decreased from 8.7 (40
days of vernalization) to 6.74 (60 days). The
maximum number of stems was recorded at 40
days of vernalization: 12.8 units in the variety
Banko and 12.6 units in the variety Novosi-
birskaya 40.

The average number of productive stems in
the studied genotypes was 6.3 for the duration
of vernalization of 60 days and increased to
7.5 for 40 days. The response of varieties on
this trait to different terms of vernalization was
ambiguous. Significant reduction in produc-
tive bushiness with an increase in the period
of vernalization to 60 days was observed in the
varieties Krasnobskaya ozimaya, Skipetr, Lars,
Banko. In samples Poema, Volzhskaya, KS

920-709, Utes productive bushiness is practi-
cally comparable at all terms of vernalization.

Varieties Lars, Banko and Poema formed the
highest crop (6.9-10.0 units). At the same time,
the minimum number of unproductive stems
was registered in them.

The influence of the terms of vernalization
on the length of the ear was noted. With a re-
duction of terms of vernalization this feature
increased. Significant increase in the ear length
was observed in Novosibirskaya 40, Volzhs-
kaya, SWW1-135 with an increase in the pe-
riod of vernalization from 40 to 60 days. In the
samples Krasnobskaya ozimaya, Skipetr, Lars,
Utes, when reducing the period of vernaliza-
tion by 10 days (from 50 to 60), the ear length

Taoxa. 3. Ilokazarenu CTPYKTYPHOI'O aHaJIM3a 031UMOH MNIICHUIIBI B 3aBUCUMOCTHU OT MMPOAOJIZKUTCIBHO-
CTU nIepruoJa sspoBu3aliun

Table 3. Indicators of the structural analysis of winter wheat depending on the duration of the

vernalization period

Vernalization duration, days
Variety 60 50 40 60 50 40 60 50 40 60 50 40
Total “““;T; of stems, | b o ductive canopy, pes. | Spike length, cm | SR Weiggt per plant,
Novosibirskaya40 | 41 | 70 | 126 | 41 | 69 | 790 | 7.17 | 7.67 | 9.79 | 3.79 | 731 | 7.63
(standard)
fzfﬁ;‘;‘;?k"‘ya 50 | 122 — |51 |78 | — |851]943| — |566]810]| -
Novosibirskaya 3 5,7 6,8 - 5,6 6,6 - 8,95 | 9,55 - 6,82 | 8,51 -
Skipetr 54 | 138 — | 54|80 | — |827]937| - |758]1089] -
Poema 93 | 90 | — | 9 | 84| — |936|1070] - |919]949| -
Volzhskaya 61 | 63 | 85 | 61 | 63 | 7.9 | 586 | 671 | 8,07 | 433 | 4,69 | 823
Banko 70 | 75 | 128 | 69 | 7.5 | 96 | 541 | 6,84 | 7,18 | 3,67 | 457 | 6,74
Lars 82 [ 100 | - | 79 | 100| — | 8651000 - |874[1395| -
Czech 9015-15 7| 12| - |63 |58 | - |869]968| — |666]|507| -
Utes 48 | 64 | — | a1 | 47| - |697 |87 | - |320494| -
Co 07 W 245 69 | 58 | 87 | 68 | 58 | 84 | 610|637 | 772 | 557 | 536 | 9,04
KS 920-709 65 | 63 | 64 | 63 | 62 | 64 | 635|674 | 698 | 6,03 | 620 | 545
SWW 1-135 69 | 48 | 84 | 69 | 48 | 7.1 | 642 | 7,52 | 826 | 7.46 | 5,04 | 10,10
Jeam/Emu 63 | 7.8 | 59 | 63 | 77 | 59 | 639 | 7,02 | 7.65 | 6,01 | 633 | 588
Alpu 70 | 52 165 | 7.1 | 47 | 65 | 677|725 613 | 649 | 3,71 | 7,98
Average value 67 | 80 | 87 | 63 | 68 | 7.5 | 732 | 824 | 7,70 | 6,10 | 6,94 | 7,63
LSD (5%) 20 | 30 | 27 | 16 | 14 | 1.8 [ 058|069 | 059 | 2,02 | 222 | 2,20

PacTeHneBOICTBO U CENTEKITHS
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was significantly increased. In Novosibirskaya
3, Poema, Jcam/Emu, Alpu varieties the ear
length practically did not change or increased
within the error of experiment.

As the period of vernalization decreased, the
increase of productive stem and ear length in
a number of samples led to an increase in the
productivity of plants. Almost all samples with
a requirement of 40 days of vernalization had
a significant excess of grain weight per plant
compared to 60 days. The exceptions were the
samples from Turkey Jcam/Emu, Alpu and
the sample from the USA KS 920-709. In the
samples with a longer period of vernalization,
this trend persisted, grain weight per plant at 50
days of vernalization is higher than at 60 days
of vernalization.

Two samples from the USA (Co 07 W 245
and KS 920-709) and two samples from Tur-
key (Jcam/Emu and Alpu) showed relatively
similar values of yield structure elements at
all stages of vernalization. This indicates that
the plants developed relatively similarly at
different duration of vernalization. It can be
assumed that these varieties have a low need
for vernalization: 40 days are enough for a
complete transition to the generative stage of
development. At the same time, the rate of de-
velopment slowed down from 2 (Jcam/Emu)
to 8 days (Co 07 W 245) compared with 60
days of vernalization.

Four variety samples Novosibirskaya 40,
Volzhskaya, Banko, SWW 1-135 also showed
a low need for vernalization. However, in con-
trast to the previously mentioned samples, their
indicators of structural analysis at the time of
vernalization of 40 days differed significantly
from the results obtained with a longer vernal-
ization. In Novosibirskaya 40 and Banko the to-
tal number of stems significantly exceeded the
number of productive stems, which can nega-
tively affect the density of crops. In varieties
Volzhskaya and SWW 1-135, this difference
was almost minimal.

In the remaining samples, we observed a
sufficient need for vernalization of 50 days.
This period was enough for them to go to the
generative stage of development. Samples No-
vosibirskaya 3, Poema, Utes showed compa-

rable data on the elements of the yield structure
in the vernalization of 50 and 60 days: at both
dates the plants developed equally well. This
confirms the fact that these samples did not
significantly slow down in development when
changing the terms of vernalization.

The varieties Krasnobskaya ozimaya, Ski-
petr and Lars with 50 days of vernalization
formed elements of the yield structure notice-
ably higher than with a longer period. The va-
rieties Krasnobskaya ozimaya and Skipetr had
formed a large number of unproductive stems
at 50-days of vernalization in contrast to the va-
riety Lars, where there were no unproductive
stems. The variety Czech 9015-15 needed only
50 days of vernalization to reach the generative
stage, but this specimen was very active both at
50 and 60 days of vernalization. In both cases,
the productive stems were almost 2 times lower
than the total number of stems. This may indi-
cate that the requirement of 50-60 days of ver-
nalization for this sample is not fully consistent
for optimal development.

The varieties of Siberian selection Novosi-
birskaya 3 and Krasnoobskaya winter, in con-
trast to the variety Novosibirskaya 40 showed
different need for vernalization, which may be
explained by their origin. Novosibirskaya 3 va-
riety was obtained on the basis of interspecific
hybridization using winter triticale. Cytological
analysis showed the presence of rye chromo-
some translocation in the plant genome [14].
This translocation was also noted in the vari-
ety Krasnobskaya ozimaya, whose pedigree in-
cludes the variety Novosibirskaya 3.

CONCLUSION

The study of the need for vernalization of
winter wheat collection samples revealed sig-
nificant differences between the varieties due to
both their geographical origin and plant geno-
type. In all studied forms with increasing of the
period of vernalization the development rate
increased to a different extent, the total num-
ber of stems, productive stem and ear length
decreased. At 60 days of vernalization the pro-
ductive stalks of the samples were close to the
total number of stems. This ratio decreases as
the germination period decreases. At long-term
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vernalization (up to 60 days) in most samples
the grain weight from plants decreased com-
pared with vernalization at 50 and 40 days.
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