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WN3yueHo BiIUsHUE yCIOBUN OCEHHEH BEreTalluy Ha pOCT, pa3BUTUE U MEPE3UMOBKY pacTEHUU
03UMOU TIIICHUIIBI U PXKH MPH Pa3HBIX Cpokax nmocesa. Pabora BeimonHena B 2016-2019 rr. B ycio-
BusIX Jecoctenu [Iprnodbs. MaTtepuanoM HCCIeAOBaHUN CIYKUIM COPTa TETPAIUIOMIHONW O3UMOMN
pxu Bnana n Tetpa xopotkast u copra o3umMoit menunsl HoBocubupcekas 40 u HoBocubupckas 3.
[ToceB mpoBezeH B Tpu cpoka: 1-if — 23 aBrycra, 2-if —31 aBrycra u 3-it — 7 ceHTSI0ps 10 YHCTOMY
napy. Ber6op ontrmaibHOTro cpoka 1ocesa co3gaeT OJIaronpuaTHbIE yCIOBUS Ul pOCTA U Pa3BUTHS
O3MMBIX KYJIBTYp U HOATOTOBKH MX VISl AajbHeimell nepe3nMoBky. COracHO MPOBEICHHBIM HC-
CJICZIOBAaHUSIM OTMEUEHO, YTO MHTEHCUBHOCTh OCEHHETO 1M00eroodpa3oBaHus U pocTa pacTeHUH B
OoJIbLICH CTENEHU 3aBUCUT OT MIPOIOKUTEILHOCTH NIepruoa oceHHel Beretaunu. CHUKEHUE TEM-
OB pocTa 1 00pa3oBaHus MOOETOB KYIIEHHUS OT 1-ro cpoka moceBa K 3-My CBSI3aHO CO CHH)KEHHEM
cymmbl 3 dektuBHbIX Temreparyp. [Ipu nocese B no3qHue Cpoku cymma 3QQEeKTUBHBIX TeMIIepa-
Typ IO TofaMm BapbupoBaja B auamnazone 90—197°. Ilpu 3TomM miepe3nMoBKa O3UMOM PIKU COXpaHsI-
nack Ha ypoBHe 94-100%, B TO BpeMs Kak y 03UMOM MIIEHHLBI OHA cHU3Maach 10 40%. Jlydmum
BapUaHTOM, 00ECIEeYHBAIOLINM CTA0OMIBHOCTh 3UMHEH YCTOMYMBOCTH, SIBISICTCS 2-H CPOK MOCEBa
(31 aBrycra) npu cymme 3¢ dexTuBHbIX Temmneparyp 250-300°, pacrenust popmupyror 3—4 nobera
KYIIEHUS, BBICOTA pacTeHuit nocturaet 18—25 cm. O3umast poxkb OMEePekaeT O3UMYIO MIIEHUIY KaK
10 TEMIIaM OCEHHETo pocTa U Moberoo0pa3oBaHus, TaK U MO Pa3BUTHIO KOHYCa HapacTaHMUs.

KiroueBble c10Ba: o3uMasi pokb, 03UMasi MArKasl MIICHULA, CPOKU I1OCEBA, NPOLODKUTENb-
HOCTb OCEHHEH BereTaunu, cymma 3pQeKTUBHBIX TEMIIEPATYp, IEPE3UMOBKA
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The research was carried out in order to study the effect of autumn vegetation conditions on the
growth, development and overwintering of winter wheat and rye depending on different sowing
dates. The work was performed in 2016—2019 in the conditions of the forest-steppe of the Ob region.
The research material included the varieties of tetraploid winter rye Vlada and Tetra short and winter
wheat varieties Novosibirskaya 40 and Novosibirskaya 3. Sowing was carried out on three dates:
Ist—23 August, 2nd — 31 August and 3rd — 7 September under bare fallow. The choice of the optimal
sowing time creates favorable conditions for the growth and development of winter crops and their
preparation for further overwintering. According to the studies, it was noted that the intensity of
autumn shoot formation and plant growth to a greater extent depends on the duration of the autumn
growing season. A decrease in the plant growth rate and formation of tillering shoots from the first
sowing date to the third date was associated with a decrease in the sum of effective temperatures.
When sowing on a later date, the sum of effective temperatures varied in the range of 90—197°
over the years. Under these conditions, overwintering rate of winter rye remained at the level of
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94-100%, while in winter wheat it decreased to 40%. The best option, which ensured the stability
of winter resistance, was the second sowing date (August 31) with a sum of effective temperatures
0f 250-300°, whereby the plants formed 3—4 tillering shoots and the plant height reached 18-25 cm.
Winter rye outperforms winter wheat in autumn growth rate, shoot formation and in the vegetation

cone development.
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INTRODUCTION

The formation of a trait of winter hardiness
of winter crops is greatly influenced by the
conditions of autumn vegetation [1, 2]. The
period of the initial stages of organogenesis
includes the phases of plant development
associated with the formation of generative
organs, structuraland functionalrearrangements,
changes in the water and carbon balance,
which determines the adaptability of plants to
overwintering conditions [3].

For a favorable overwintering of winter
grain crops, the correct choice of sowing time
is necessary, which must correspond to the
biological requirements of the crop, take into
account the soil and climatic conditions of the
autumn vegetation. Against the background
of increasing climate instability, expressed in
deviations of the temperature regime and the
regime of precipitation and in the duration
of the autumn growing season from the
average long-term values, the variation in the
optimal sowing time increases. It is important
to study the influence of the duration and
temperature conditions of autumn vegetation

on the development of plants, which ensure the
formation of resistance to the limiting factors
of overwintering of winter crops in specific
regions of cultivation [4-6].

The limiting factor for the growth processes
of winter crops is the temperature regime of
the autumn period. A decrease in average daily
temperatures at later sowing dates leads to a lag
in plant development. Theoretical calculations
of the optimal sowing time are related to the
sum of positive temperatures in the autumn
period from sowing to the end of the growing
season. Moreover, the temperature values vary
depending on the climatic zone of cultivation
[7-11].

Differences in the level of overwintering of
varieties and forms of winter crops, along with
the temperature conditions of the winter period,
are largely due to the intensity of autumn plant
growth, the formation of tillering shoots, and
the peculiarities of the passage of the stages of
organogenesis. For guaranteed overwintering
before wintering, winter rye and wheat plants
should form, on average, up to 3-4 tillering
shoots reaching 2-3 stages of organogenesis

PacTeHneBONCTBO U CEITEKITHS

CuOHMpPCKHii BECTHUK CETLCKOXO03CTBEHHOMN Hayku * 2021 512 3]



Effect of autumn vegetation conditions on overwintering of winter rye
and wheat with different sowing dates

Ermoshkina N.N., Artyomova G.V., Stepochkin P.I.,
Surnachev A.S., Musinov K.K.

[12].

The connection between the autumn growth
processes of plants and their winter hardiness
has been repeatedly noted in the works of A.IL.
Nosatovsky, I.I. Tumanova, F.M. Kuperman,
V.A. Moiseichik, Z.A. Morozova and other
authors [13—-17]. According to A.I. Zadontsev,
winter grain plants with optimal sowing
times, the height of which is 14-16 cm, are
characterized by the maximum frost resistance.
Overgrown plants have a height of 23-25 cm
and more, the winter hardiness of such plants is
reduced' [18].

Biological control according to the stages
of organogenesis makes it possible, much
earlier than with phenological observations,
to recognize the unfavorable effect of weather
conditions and agrotechnical factors on plants.

Varieties with a high level of winter
resistance are needed for sustainable cultivation
of winter grain crops in Siberia. Promising
varieties of winter wheat and rye have been
created through the efforts of Siberian breeders
which have high adaptive qualities. The main
advantage of Siberian breeding varieties lies
in their higher level of ecological stability,
since the successful selection of specifically
resistant genotypes in the breeding process is
possible only under conditions similar to those
in which the variety will be cultivated. At the
Siberian Research Institute of Plant Growing
and Breeding, a branch of the Federal Research
Center of the Institute of Cytology and Genetics
of the Siberian Branch of the Russian Academy
of Sciences the greatest efficiency in the creation
of winter wheat varieties with high adaptability
and plasticity potential was obtained by the
method of recombination selection using
interspecific hybridization [19]. Varietal rye
populations cultivated in the Siberian region are

mainly represented by tetraploid forms, created
on the basis of varieties of the Siberian ecotype,
combining a high level of winter hardiness with
grain size.

The aim of the research is to study the effect
of autumn vegetation conditions on the growth,
development and overwintering of winter wheat
and rye plants at different sowing dates.

MATERIALS AND METHODS

The studies were carried out in the forest-
steppe conditions of the Ob region in 2016—
2019. The research material was the varieties
of tetraploid winter rye Vlada and Tetra short
and winter wheat varieties Novosibirskaya 40
and Novosibirskaya 32. Sowing was carried out
in three terms: 1st - August 23rd, 2nd - August
31st and 3rd - September 7th for pure fallow
in the usual row method with a SSFK-7 seeder
with a seeding rate of 5 million seeds / ha for
winter rye and 6 million seeds / ha for winter
wheat. Plot area 10 m?, replication five times
with a randomized placement of plots.

To conduct counts and observations, we used
the methodology of the State Variety Testing of
Agricultural Crops®. The main mathematical
parameters were calculated according to the
method of B.A. Dospekhova*. During the
period of termination of the growing season
before the establishment of snow cover, plant
samples were taken for laboratory analysis. The
linear dimensions of the leaves (the height of the
main shoot from the base of the tillering node
to the tip of the upper leaf) and the coefficient
of'tillering (the average number of shoots) were
determined. When studying the formation of
the growing cone of winter crops, the stages of
organogenesis were determined according to
F.M. Kuperman’ using an MBS-9 microscope.

'Zadontsev A.I. Increasing winter hardiness and productivity of winter wheat // Collection of selected scientific papers of the
All-Russian Research Institute of Corn. Dnepropetrovsk, 1974. 283 pp.

State Register for Selection Achievements Admitted for Usage. "Plant Varieties" (official publication). Moscow:

Rosinformagrotech, 2020. Vol. 1. 680 pp.

3Methodology for state variety testing of agricultural crops / ed. By M.A. Fedin. M., 1985. 270 pp.
‘Dospekhov B.A. Field experiment methodology (with the basics of statistical processing of research results). Moscow: Kolos,

1973. 336 pp.

SKuperman F.M., Ananyeva L.V. On the biological substantiation of the timing of sowing wheat varieties of intensive type //

Selection and seed production. 1981. No. 6. 27 pp.
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We selected 10 plants from two repetitions
at the end of the autumn growing season. In
field conditions, the degree of overwintering
of plants was determined as the percentage of
the number of overwintered plants (on fixed 6
or 8 plots of 0.25 m?) to the number of plants
that passed away in winter. Meteorological
data were obtained by the hydrometeorological
station of the village Ogurtsovo (Novosibirsk
region).

The weather conditions of the autumn-
winter period during the years of scientific
research varied significantly. According to
long-term data, the end of the autumn growing
season in the forest-steppe conditions of the Ob
region begins on October 5, when the average
daily temperature passes through the 5°C
mark towards a decrease. The least favorable
conditions for the autumn development of
plants developed in 2017, when the end of
the growing season was already marked on
September 23. The average daily air temperature
was 9.2 °C, which is lower than long-term
values; the amount of precipitation was close
to normal (105%). In 2016, the end of the
growing season was marked on September 30,
a feature of this year was a significant excess
of the average daily September temperatures up
to 15-16 °C, relative to the long-term average
(10-12 °C) with a total precipitation of 40% of
the norm. Autumn 2018 is characterized by a
long growing season (until October 14) with an
average temperature background (10.8 ° C) and
precipitation of 113% to the norm.

In winter, the height of the snow cover
varied from 40 to 70 cm from year to year. The
maximum height of the snow cover in 2016 was
set at 60—65 cm, in 2017 - 65-70 cm, which is
2 times more than the average annual data (30—
35 cm). Snow cover in 2018 was 40-50 cm.
The minimum temperature at the depth of the
tillering node did not drop below minus 5 °C.

Contrasting conditions in 20162019 made
it possible to evaluate the effect of autumn
vegetation on overwintering of plants at
different sowing dates in the studied crops.

RESULTS AND DISCUSSION

Over the years of research, the duration of

the germination period - the end of the autumn
growing season was significantly influenced by
two factors: the conditions of the year and the
timing of sowing. With the 1st sowing period,
carried out at the beginning of the 2nd decade
of August, the growth and development of
plants continued from 33 days in 2017 to 54
- in 2018.The sum of effective temperatures,
respectively, varied in these years from 263 to
351°.In 2016, with a short growth period (up to
38 days), the sum of effective temperatures was
346°, which is explained by high average daily
temperatures up to 28 °C during September.
The vegetation of plants of the 3rd sowing term
lasted from 19 to 36 days, while the sum of
effective temperatures varied from 90 to 197 °
over the years (see Table 1).

During the research period, more intensive
growth and formation of tillering shoots were
noted in winter rye and wheat plants of the
Ist sowing period. A decrease in the growing
season when sowing in the 2nd and 3rd periods
leads to a decrease in the linear growth of plants
and a decrease in the number of tillering shoots.
These patterns depend on the hydrothermal
conditions of the year. In the years with a short
growing season (2016, 2017), the height of
plants of the 3rd sowing period was recorded
1.5 times less than that of plants sown on
August 23 (see Table 2). With an increase in
the duration of the autumn growth period, the
difference between the plant heights of different
sowing dates decreases. In 2018, winter wheat
plants of the 1st sowing date had a height of
26.4 cm at the end of the growing season, plants
of the 3rd term - 21.6 cm.

The intensity of the process of plant
shoot formation in the autumn period is also
associated with the duration of the growing
season. The largest number of tillering shoots
(5.0 and 6.3) was observed in both wheat and
rye in 2018 when sown on 23 August, when
the growing season was 54 days. When sowing
on September 7, 2018, with a reduction in the
duration of the growing season associated with
the timing of sowing, the number of tillering
shoots in rye decreased to 3.9, in wheat - to 3.1.
In 2017, plants of the 3rd sowing date in 19
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Taoda. 1. Cymma 3¢h(hexkTHBHBIX TeMIepaTyp U NPOJOIKUTEIBHOCTD BEreTallMOHHOTO IIEPHO/A 10

roJiaM IIpUu pa3HbIX CPOKaAX MOCEBA O3UMBIX KYJIBTYP

Table 1. The sum of effective temperatures and the duration of the growing season by years for

different sowing dates of winter crops

Sowing time
Year Element
1-st (23.08) 2-nd (31.08) 3-rd (07.09)

2018 The sum of effective temperatures, degr. 351 250 197

Number of growing days 54 45 36
2017 The sum of effective temperatures, degr. 263 146 90

Number of growing days 33 24 19
2016 The sum of effective temperatures, degr. 346 296 167

Number of growing days 38 31 21

Tao6a. 2. Beicota pacTeHnii u 4nciio moOeroB KyImeHHs B pa3Hble CPOKH TIOCEBA 03UMOH PIKU U ITIICHH-

el (2016-2018 rr)

Table 2. Plant height and number of tillering shoots on different sowing dates for winter rye and wheat

(2016-2018)

Sowing time
Sample 1-st (23.08) 2-nd (31.08) 3-rd (07.09)
Plant height, cm Shoot;cnsl.lmber, Plant height, cm Shom;él:mber’ Plant height, cm ShOOtIS):SI.lmber’

2018

Rye 29,6 +0,9 6,3+0,6 27,1 +0,7 54+04 22,9+0,8 39+0,3

Wheat 26,4+ 1,1 5,0+0,5 21,6 £0,6 4,0+0,3 21,6 £0,5 3,1+£0,2
2017

Rye 26,1 +£0,8 49+04 18,5+0,5 2,9+0,1 14,8 £0,3 1,4+0,2

Wheat 223+1,3 4,7+0,6 17,0+ 0,4 2,7+£0,2 13,8+£0,3 1,2+0,1
2016

Rye 275+1,2 55+0,5 242 +1,0 3,7£0,3 18,0+0,5 2,3+0,2

Wheat 33,0£1,3 3,1£0,3 29,6 £0,8 2,6 £0,2 24,0+ 0,6 1,3+£0,1

days formed an average of 1.4 tillering shoots
in rye and 1.2 tillering shoots in wheat.

The processes of linear growth and shoot
formation of winter rye and wheat differ in
their intensity. Winter rye plants form a more
powerful above-ground mass in autumn. So, in
2018, when sowing on 23 August for 54 days
of growing season, the height of rye plants was
29.6 cm, in wheat - 26.4 cm, while rye formed
6.3 shoots, and wheat - 5.0. In the third sowing

period under low temperature conditions,
growth processes and shoot formation slow
down significantly both in winter wheat and rye,
but the differences between the growth rates of
the two crops remain. For 36 days of growing
season with a sum of active temperatures of
197°, the linear growth of rye was 22.9 cm,
wheat - 21.6 cm, and the number of shoots
decreased accordingly (3-4).

In2017,under conditions of low temperatures
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and a short growing season with minimal
values of linear growth and shoot formation
at all sowing periods, the differences between
crops are insignificant. In both rye and wheat,
up to 4-5 shoots of tillering were formed during
33 days of growing season in the 1st sowing
period, when sowing in the 3rd period, only the
beginning of the tillering process was noted.

Under the conditions of an increased
temperature background (+3.1 © C to normal)
in 2016, winter wheat in terms of linear growth
was significantly ahead of rye. The height of
wheat plants at the 1st sowing period averaged
33.0 cm, which is 5.5 cm higher than that of
rye. However, the number of tillering shoots
in wheat was recorded significantly less and
averaged 3.1, while in rye up to 5-6 shoots
were formed. The same trend persisted in crops
at later dates.

The number of tillering shoots in winter
crops is primarily affected by the duration of
the autumn growing season. With the sum of
effective temperatures of 197 °, an average of
3-4 tillering shoots were formed in 36 days, and
only 1-2 shoots were formed during 21 days
of vegetation, although the sum of effective
temperatures was slightly lower and amounted
to 167 °. The processes of linear growth of plants

are influenced by the temperature conditions of
autumn.

For a more complete study of the
development of winter crops in the autumn
period, comparative observations of the growth
and development of the growing cone were
carried out. According to a number of authors,
the degree of growth cone development
correlates with the level of winter hardiness.
The best overwintering was noted in plants
where the growing cone reaches the 2nd phase
of organogenesis, which coincides with the
period of autumn tillering.

A comparative study of two winter crops of
wheat and rye revealed significant differences
in the rates of autumn development of growing
cones. By the end of the autumn growing
season, rye was observed to elongate the upper
part of the cone and differentiate the base of
the cone into segments and leaf ridges, which
corresponds to the third stage of organogenesis
(see Table 3). The duration of this stage in these
studies ranged from 24 (sowing on August
31, 2017) to 54 days (sowing on August 23,
2018) before the end of the growing season.
Depending on the temperature conditions of the
year, the sizes of the growth cone change, the
greatest length (up to 1.11 mm) and enhanced
segmentation of the growth cone were noted in

Taoa. 3. Pasmeps! koHyca HapacTaHUs M 3Talbl OPraHOTeHe3a 03UMOM PAKH U 0O3UMOH TIIIEHHUIIBI
B OCCHHUI MEpUOA BEreTaluy IpH pasHbIX cpokax cesa (20162018 rr.)

Table 3. The sizes of the vegetation cone and the stages of organogenesis of winter rye and winter
wheat in the autumn growing season on different sowing dates (2016-2018)

Sowing time
Sample 1-st (23.08) 2-nd (31.08) 3-rd (07.09)
The Vegetation Organogenesis | The Vegetation Organogenesis | The Vegetation Organogenesis
cone size, mm stage cone size, mm stage cone size, mm stage
2018
Rye 0,70 +£ 0,06 3-rd 0,64 + 0,04 3-rd 0,46 + 0,05 3-rd or 2-nd
Wheat 0,31+£0,02 2-nd 0,28 £0,03 2-nd 0,21 £0,01 1-st
2017
Rye 0,92+0,12 3-rd 0,68 + 0,05 3-rd 0,48 +£0,04 2-nd
Wheat 0,35+ 0,03 2-nd 0,20 + 0,02 1-st 0,15+ 0,02 1-st
2016
Rye 1,11 +0,15 3-rd 0,86+ 0,07 3-rd 0,77 £ 0,07 2-nd
Wheat 0,34 +0,05 2-nd 0,25 +0,02 2-nd 0,22 +0,02-i 1-st
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2016 at maximum daytime temperatures up to
20 °C. However, the transition to the 4th phase
of organogenesis with short daylight hours does
not occur until the end of the light stage.

The assessment of winter hardiness of
winter rye and wheat plants was carried out in
experiments with different sowing dates (see
the figure). Overwintering conditions during
the years of research were noted to be quite
favorable (the soil temperature at the depth of
the tillering node did not fall below minus 5 °
C). Thus, the level of winter resistance, along
with the hardening conditions, was largely
determined by the intensity of autumn growth
and development of plants. A great safety of
both rye and wheat at all sowing dates was
noted in the spring of 2017, when the plants
were formed in a short autumn period, but at
the same time the sum of effective temperatures
reached 167 ° for crops of the 3rd term and
346 ° for crops of the 1st term. The number of
tillering shoots varied depending on the sowing
time from 2.3 to 5.5 for rye and from 1.3 to 3.1
for winter wheat.

The decrease in the level of overwintering
in 2018 can be explained by the less favorable
conditions of the winter period and the
insufficient duration of the autumn growing
seasonin 2017 (from 19 to 33 days when sowing
at different times). In this case, low positive
temperatures negatively affected the autumn
development of plants, while the number of

surviving plants in winter wheat decreased
by almost 2 times (to 18%) compared to the
previous year. Moreover, late sowing, carried
out in the first decade of September, showed
greater resistance to overwintering than sowing
in early periods. Such results are explained by
the higher rates of sugar accumulation in the
tillering node of young plants, which allows
them to survive more successfully in winter.
The level of overwintering of plants in 2019
was noted to be quite high - up to 83—-100%
of preserved plants in winter rye and 66—68%
in winter wheat. The long period of autumn
vegetation (54—45-36 days in terms of sowing)
and the sum of effective temperatures (above
197 °) in autumn 2018 contributed to the good
development of plants. They formed more than
5 tillering shoots at an early sowing date and
3-4 shoots at sowing on September 7. In rye in
crops of the Ist term, the plant height was 29-30
cm, the number of tillering shoots reached 67,
which led to partial damping off and a decrease
in the level of overwintering in comparison with
crops of the 2nd and 3rd terms. In all variants of
the experiment, the winter hardiness of winter
wheat was noted lower than in winter rye by
13-15% in 2017 and by 74-80% in 2018.

CONCLUSIONS

As a result of a comparative study of the
initial stages of growth and development of
winter crops, it was revealed that the intensity
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Diagram of overwintering of winter rye and wheat on three sowing dates (2016-2019), %

36  Siberian Herald of Agricultural Science ¢ 2021 « 51 « 2

Plant growing and breeding



BnusiHue yciioBuit oceHHel Beretaiuy Ha nepe3uMoBKY 03UMON pKu
M IIIEHUIIBI IPY Pa3HBIX CPOKaX MoceBa

Epmomkuna H.H., Aprémosa I'.B., Crénoukun IL.1.,
Cypnaue A.C., Mycunos K.K.

of autumn shoot formation to a greater extent
depends on the duration of the growing season.
Plants of the 3rd sowing date within 19-21
days of vegetation (2016, 2017) formed only
1-2 shoots of tillering, while during 36 days of
vegetation in 2018, 3—4 shoots were formed.
The increased temperatures in the autumn of
2016 led to the overgrowth of winter wheat
plants by 30—40%, while the process of shoot
formation was noted below or at the level
compared to 2017.

The sum of effective temperatures in a wide
range from 167 to 351 ° C in the autumn of
2016 and 2018 proved to be sufficient for the
development of plants of all sowing terms,
which ensured a high safety of plants during
overwintering in 2017 and 2019. The short
period of the autumn growing season from 19 to
33 days (depending on the sowing time) and low
temperatures in autumn 2017, along with less
favorable winter conditions, led to a significant
decrease in the level of overwintering in winter
wheat.

No significant differences in the influence of
the sowing time on the level of winter rye and
wheat overwintering were revealed over the
years of research. The conditions of the year
had a great influence on overwintering. The
best option that ensures the stability of winter
resistance is the 2nd sowing date (August 31),
when the plants form 3-4 tillering shoots, and
their height reaches 18-25 cm.
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