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ABSTRACT

In the dry steppe zone of Ukraine, the adaptation of winter wheat cultivation technology to climate change is
an urgent issue. In particular, cultivars and sowing time are among the cheapest and most effective technology
elements aimed at increasing the resistance of winter wheat plants to abiotic and biotic stresses. Therefore, the
purpose of the study is to determine the effect of sowing time of different cultivars on the formation of winter
wheat plant productivity. Based on the data of weather conditions in the pre-sowing, sowing and winter periods
of the crop, a comparative analysis of temperature for 2013-2018 and 2019-2023 was carried out. Based on the
results of field studies, the optimal sowing dates of modern winter wheat cultivars were determined, which re-
sulted in higher yields. The research was conducted in the natural and climatic conditions of the southern steppe
of Ukraine in the Mykolaiv Raion of Mykolaiv Oblast during the growing seasons 2018/2019-2022/2023. It
was determined that plants had a longer duration of autumn vegetation (79—44 days) in 2021, while the shortest
(44-10 days) — in 2022. It was determined that the shift of sowing dates of the studied cultivars by every 10 days
(from September 20 to October 20), plant height decreased by 3.1-10.9% depending on the cultivar. On average,
in 2019-2023, the highest yield of winter wheat grain was formed by the Duma Odeska cultivar (6.88 t/ha) when
sown on October 10, and the lowest yield was formed by the Ozerna cultivar (5.56 t/ha) when sown on September
20. Thus, the best conditions for the formation of winter wheat grain yields were formed when sowing on Octo-
ber 10 (5.00-7.85 t/ha), and the worst — on September 20 (4.50—6.28 t/ha), depending on the variety and year of
research. On average, by sowing date, the highest grain yields were formed by Duma Odeska in 2019 (7.22 t/ha),
2022 (6.12 t/ha) and 2023 (7.96 t/ha), and Ozerna in 2020 (5.20 t/ha) and 2021 (6.21 t/ha).

Keywords: winter wheat, cultivars, sowing dates, plant height, number of productive stems, grain weight per
ear, grain yield.

INTRODUCTION

Climate change is one of the greatest threats
to humanity, resulting in severe weather disasters,
abrupt weather changes, flash floods, floods, strong
winds, heavy rains, hail, droughts, and significant
environmental and economic damage worldwide.
Increased unpredictability of weather conditions
threatens global food production (Mirén et al.,
2023; Zidan et al., 2024).

Research data from scientists all over the
world show that unless measures are taken to adapt
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agriculture to climate change, its global scale could
decline by up to 30% by 2050 (Ritchie et al., 2024;
Hristov et al., 2020).

Climate scientists have found that over the
past two thousand years, there have been three
periods of warming and three periods of cool-
ing, the last of which ended in the first half of the
nineteenth century (Hansen et al., 2025). Start-
ing in the second half of the nineteenth century,
air temperature stabilized, and at the end of it,
warming began, reaching 0.7-0.8 °C by the end
of the twentieth century. It is predicted that the
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air temperature near the planet’s surface will in-
crease by another 2—4.5 °C by the end of the 21st
century (Scaffeta et al., 2024).

The consequences of global climate change
are becoming increasingly noticeable in Ukraine
as well (Boychenko et al., 2016). An analysis of
the frequency of extreme weather events, namely
droughts, shows an alarming trend of their in-
crease. Over the past 20 years, the average an-
nual temperature has increased by 0.8 °C, and the
average temperature in January and February by
1-2 °C (Lindsey et al., 2024).

Climate change is particularly noticeable in
the steppe zone. The World Meteorological Orga-
nization (WMO) regulatory documents state that
the average annual air temperature in the Ukrai-
nian steppe zone has increased by 0.2—0.3 °C since
the beginning of the last century (Romanenko et
al., 2022). The largest temperature increase is ob-
served in winter (by 1.2-1.3 °C) and spring (by
0.8-0.9 °C). In summer, the air temperature de-
creased by 0.2—0.3 °C, while in autumn it remained
at the same level as in the early twentieth century
(Huseynov et al., 2024).

There are suggestions that global warming
poses a threat to the southern region with deserti-
fication caused by declining water availability (Pal
et al., 2023). Over the past 35 years, the dry steppe
sub-zone has seen a steady trend of increasing av-
erage annual temperature from 9.3 (1973-1980)
to 11.3 °C (2006-2010), i.e. by 2 °C. At the same
time, changes in the average annual precipitation
do not have a clear pattern over time, but there is
a tendency to increase precipitation of stormy and
unproductive nature (Pichura et al., 2021; 2025).

Climate change is affecting crop yields, partic-
ularly cereals, due to uneven precipitation across
months and rising temperatures (Yuan et al., 2024).
According to (Hrytsiuk et al., 2024), by 2070,
wheat yields in the steppe zone could decline to 5.5
c/ha. In dry years, the southern regions of Ukraine
(Odesa, Mykolaiv, and Kherson) suffer more from
crop failure. Thus, in the dry year 2020, the average
wheat yield in the South of Ukraine was 1.78-3.19
t/ha, which is 22.6-54.4% more than in the wet
year 2021. That is, in dry years, wheat yields in the
southern steppe zone of Ukraine can decrease by
more than 2 times. Therefore, measures to develop
effective adaptation should focus on preparing this
region for expected climate change.

Sowing winter wheat at the optimum time is
the cheapest, most environmentally friendly and
energy-saving element of agricultural technology,

which has become especially relevant with climate
warming and the emergence of new varieties in
production with a reduced vernalization period
(Pochkolina et al., 2023).

The sowing dates of winter wheat signifi-
cantly affect the time of emergence and seedling
amicability, further growth and development of
crops, and their productivity (Panfilova et al.,
2019; Kanapickas et al., 2024). The duration of
winter wheat seed germination is crucial in the
formation of high-yielding crops, which is influ-
enced by air temperature and soil moisture (Kork-
hova, 2022; Domaratskiy et al., 2022). The opti-
mal time for sowing winter wheat occurs when
the average daily air temperature is 14—16 °C, at
which friendly winter wheat seedlings appear on
the 7th-9th day, and at 15-18 °C — on the 5th-6th
day. Average daily air temperatures above 25 °C
are unfavorable for seed germination due to fa-
vorable conditions for disease development. At a
temperature of 40 °C with a relative humidity of
30% and below, germinated seeds die due to in-
tense moisture evaporation, and those that swell
lose germination due to respiration, nutrient con-
sumption, and mold damage (Petrychenko et al.,
2021; Sharma et al., 2022).

According to the results of field experiments
in Uzbekistan with three winter wheat culti-
vars sown in three terms, it was determined that
on average in 2014-2016, a higher grain yield
(6.62 t/ha) was formed when sown on October 1,
which is 2.4% more than when sown on October
10 and 6.8% more than when sown on October
20 (Gandjaeva et al., 2019).

Studies conducted during 2021-2022 in the
Odesa Oblast, which is part of the Ukrainian
southern steppe zone, determined that for all stud-
ied winter wheat cultivars, the best sowing date
was October 5, which resulted in a grain yield of
0.02-0.55 t/ha higher than sowing on September
25 and 0.02—0.89 t/ha higher than sowing on Octo-
ber 15 (Serhieiev et al., 2024). This raises the prob-
lem of researching sowing dates for each region of
Ukraine and for each new crop.

MATERIAL AND METHODS

The field research was conducted over five
years (2018-2023) at the Educational and Re-
search Center of Mykolayiv National Agrarian
University, located in the southern steppe zone of
Ukraine.
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The experimental design included:

e Factor A — soft winter wheat varieties of
Ukrainian selection: Ozerna, Duma Odeska,
and Mudrist Odeska.

e Factor B (sowing dates) — September 20, Sep-
tember 30, October 10 and October 20.

The area of the sowing plot was 50 m?, and
the accounting plot was 25 m* The experiment
was designed by the method of randomization.
The agricultural technique of the research includ-
ed sowing winter wheat at a seeding rate of 4.5
million units/ha with a pea as a precursor.

The soil of the experimental field is typical
southern black soil, residual slightly saline heavy
loamy on loess, humus content (0-30 cm) — 3.1—
3.3%, soil solution is neutral (pH 6.8-7.2). The
topsoil contains 15-25 mobile forms of nitrate,
41-46 mobile phosphorus, and 389-425 mg/kg
of exchangeable potassium.

All the winter wheat varieties under study are
recommended for cultivation in the Ukrainian
steppe zone. The ear has awns and belongs to
the erithrospermum type, the plants are short in
height and have high drought tolerance. However,
there are some differences between the cultivars.

The Ozerna winter wheat cultivar is included
in the State Register of Plant Varieties Suitable
for Distribution in Ukraine for 2016. The culti-
var is owned by the “Bor” farm. The crop be-
longs to the medium-early group in terms of the
growing season, and to the valuable varieties in
terms of grain quality.

The Duma Odeska cultivar was registered in
Ukraine in 2018. The owner of the variety is the
The Plant Breeding and Genetics Institute — Na-
tional Center of Seed and Cultivar Investigation,
a national center for seed science and cultivation.
The crop is an early ripening cultivar in terms
of the growing season and a valuable cultivar in
terms of grain quality.

The Mudrist Odeska cultivar was registered
in Ukraine in 2015. The owner of the variety is
the The Plant Breeding and Genetics Institute —
National Center of Seed and Cultivar Investiga-
tion, a national center for seed science and cul-
tivation. The crop belongs to the medium-early
group in terms of the growing season, and to the
strong varieties in terms of grain quality.

Phenological observations, determination
of plant height, and structural analysis of sheaf
samples were carried out in accordance with the
methodology of state variety testing of crops. The
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agroclimatic conditions were analyzed using data
from the Austrian-made PesslInstruments weath-
er station (iMETOS). The obtained experimental
data were processed using multivariate analysis
of variance (Ushkarenko et al., 2020). Modeling
of yield formation was carried out using the li-
censed program “Statistica 10.0”.

RESULTS AND DISCUSSION

One of the most important indicators of fa-
vorable conditions for plant development in the
autumn is the temperature, which determines the
characteristics of the subsequent growing season
of winter crops and their level of productivity. For
winter wheat, the average daily air temperature
during the interphase “sowing-germination” pe-
riod is considered optimal — 14+2 °C.

The analysis of temperature conditions dur-
ing the pre-sowing and sowing periods of winter
wheat in 2018-2022 showed that in the first de-
cade of September the average air temperature
was 19.7 °C, which is 0.6 °C higher than in the
previous 5 years (2013-2017). The average daily
air temperature in the second ten-day period of
September decreased by 0.6 °C compared to the
previous long-term figures. The average air tem-
perature in the third ten-day period of September
in 2018-2022 was 0.6 °C higher than in the pre-
vious five years (2013-2017) and amounted to
14.9 °C (Figure 1).

The average daily air temperature in the first
ten-day period of October over the years of re-
search was 12.7 °C, which is 2.0 °C higher than
in the same period of 2013-2017. Analyzing the
temperature conditions of the second and third
ten-day periods of October, it can be stated that
on average, in 2018-2022, they increased by 2.3
and 3.3 °C, respectively, compared to the period
of the previous five years and amounted to 12.1
and 10.1 °C. Thus, it can be concluded that the
average daily air temperature increased signifi-
cantly on average in 2018-2022 in the second and
third decades of October.

However, the air temperature regime should
not be analyzed separately, rather in combina-
tion with other meteorological elements. In steppe
zone, the moisture content of the sowing layer of
soil during the period of wheat sowing is of great
importance. It was found that on average for 2018—
2022, there is a clear trend of increasing moisture
reserves in the 0—10 cm soil layer: from the first to



Ecological Engineering & Environmental Technology 2025, 26(8), 350-362

—0—2(013-2017 years

25.0
20,0 6= 203 _ 191

197 ~ 149
150 183 SNeius
10.0
5,0
0,0

I September II September III September

decade decade decade

—8—2018-2022 years

121
—fi27
107 -

0 P

III October
decade

I October decade II October decade

Figure 1. Average daily air temperature in autumn, average for 2018-2022, °C

the second decade (ten-day period) of September
by 2.0 mm; from the second to the third decade of
September — by 0.1 mm; from the third decade of
September to the first decade of October — by 0.7
mm; from the first to the second decade of Oc-
tober — by 2.7 mm; from the second to the third
decade of October — by 0.7 mm (Figure 2).

Thus, on average, in 2018-2022, moisture re-
serves in the 0—10 cm soil layer were sufficient
(13.1 and 13.8 mm) for germination of winter
wheat in the second and third decades of October,
while insufficient moisture reserves were 7.6 mm
in the first decade of September.

According to most authors, the autumn veg-
etation of soft winter wheat should last 40-60
days, when the plants reach a sum of effective
temperatures of 300-350 °C from sowing to a sta-
ble transition through 5 °C (Korkhova and Myko-
laichuk, 2022). On pure fallow land, vegetation
should last 45-50 days, on occupied fallow land
and non-fallow predecessors — 50-60 days, hav-
ing reached the sum of active temperatures above
550-580 °C (Polishchuk et. al, 2024).

According to other authors (Atamanyuk et.
al, 2023), for the formation of a stable winter
wheat yield at the time of entering winter, it is
necessary that the duration of the plant vegeta-
tion is 61-76 days, the plants accumulate the
sum of effective temperatures of 250-300 °C,
the amount of precipitation is 69-92 mm and
the plant bushiness is 3.0-3.5 units. In such
conditions, the crops have time to accumulate
a sufficient amount of plastic substances for the
wintering period, thanks to which they are better

able to withstand the harsh conditions of both
winter and spring-summer growing seasons.

During the years of research (2018-2022),
the longest (79—44 days) duration of the autumn
vegetation of winter wheat plants, depending on
the sowing date, was recorded in 2021, which is
explained by its late final termination on Decem-
ber 20 (Figure 3).

The shortest (44—10 days) duration of the
autumn vegetation of winter soft wheat crops,
depending on the sowing date, was observed in
2022, with the end of vegetation occurring very
early — on November 15.

After analyzing the previous five years
(2013-2017), it can be concluded that the autumn
vegetation of winter wheat crops lasted some-
what longer, namely 80-49 days, depending on
the sowing dates.

It was found that during the period from
2018/2019 to 2022/2023, the highest amount of
effective temperatures (189.8-386.9 °C) in the
interphase period ‘“seedlings-termination of au-
tumn vegetation” was obtained by plants sown
on September 20, which is 33.0-139.3 °C higher
than that on September 30; 104.6-234.1 °C high-
er than that on October 10 and 166.9-332.0 °C
higher than that on October 20 (Table 1).

It was determined that, on average, over the
years of research (2018-2022), the sum of effec-
tive temperatures for the reporting period was
close to the optimal one recorded for sowing on
September 20 — 260.0 °C, while the average for
the previous five years was September 30 (304.4
°C) and October 10 (222.5 °C).
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Figure 2. Average moisture content of the sowing soil layer per decade (ten-day period) at a depth of 0—10 cm
in the autumn period, average for 2018-2022, mm
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Figure 3. Autumn vegetation period of winter wheat plants depending on the sowing date in the years
of research (2018-2022), in days

Over the past 10 years, the winter period has
decreased to 2 months — January and February.
It has been determined that over the period from
2014-2018 to 2019-2023, the average daily air
temperature for the first decade of January in-
creased by 4.3 °C (Figure 4).

For the period from 2019-2023, the lowest air
temperature was observed in the second decade of
January (-0.7 °C), while in the previous five years
(2014-2018) the coldest was the third decade of
January, with an average daily air temperature of
minus 4.8 °C. It was determined that the air tem-
perature for the third decade of February during
the study period of 2019-2023 was 0.7 °C higher
than in the previous period (2014-2018).

Ukrainian steppe region is characterized by
frequent winter thaws and prolonged lack of low
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temperatures, which contributes to the resump-
tion of vegetation in the winter months. The an-
nual temporary renewal of vegetation during the
winter contributes to the further development of
winter crops and the transition to new phases of
organogenesis.

In recent years, there has been a clear upward
trend in positive temperatures in winter. Thus, if
in the period from 2013/2014 to 2017/2018 the
sum of effective temperatures for the period of
short-term winter thaws was 0.4-14.4 °C, then
from 2018/2019 to 2022/2023 it was 4.1-51.6 °C,
which allows plants of late sowing to bush and
earlier sowing to outgrow (Figure 5).

Over the years of our research, the warmest
winter periods were 2020/2021 and 2022/2023,
with the sum of effective temperatures during
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Table 1. The sum of effective temperatures of winter wheat crops in the “sprouting — end of autumn vegetation”

interphase depending on sowing dates, 2013-2022, °C

Vears Sowing dates
September 20 September 30 September 10 September 20
Average for 2013-2017 454.6 304.4 222.5 157.8
2018 255.2 194.5 62.3 447
2019 257.2 200.0 108.4 24.2
2020 386.9 247.6 152.8 54.9
2021 210.8 156.8 99.2 51.8
2022 189.8 162.4 85.2 229
Average for 2018-2022 260.0 192.3 101.6 39.7
—e—2019-2023 years —e—2014-2018 years
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Figure 4. Average winter temperature per ten-day period, average for 2014-2023, °C

short-term winter thaws amounting to 51.6 °C
and 46.7 °C, respectively.

The subsequent growth, development and
yield formation of winter wheat depends on the
time of spring vegetation recovery (SVR). Ob-
servations have shown that at different times of
spring vegetation onset, winter wheat crops fall
into different agroecological conditions, which
significantly affects the growth, development,
formation of crop density and yield (Hospoda-
renko et. al., 2020).

Studies have shown that in years with late
spring, crops develop at higher air temperatures
(8-10 °C) and higher solar energy intake, with a
rapid increase in air temperature, which in turn
impairs regeneration processes, inhibits growth,
and causes the death of some shoots or even entire
plants. In early spring, the vegetation of winter
wheat before entering the tube takes place at low

temperatures (4—7 °C), which slowly increase,
which is favorable for plant regrowth, regenera-
tion of damaged organs, and all growth processes
(Ma et al., 2015).

According to long-term data, winter crops
in Mykolaiv Oblast resume growing on March
20-23. However, in recent years, due to climate
warming, the average date of renewal of spring
vegetation has shifted slightly. Over the last 20
years (2003-2023), the vegetation of winter wheat
crops in Mykolaiv Oblast started in 2008 at the
earliest — on February 6. Late recovery of spring
vegetation was recorded in 2003 — April 6. During
the years of the research, the earliest renewal of
spring vegetation was on February 18, 2020, and
the latest — on March 29, 2022 (Table 2).

It was found that the interphase period “recovery
of spring tillering — beginning of earing” of plants
of the studied winter wheat varieties significantly
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Figure 5. Total effective temperatures for the period of short-term winter thaws (2013/2014-2022/2023), °C

Table 2. Winter soft wheat renewal of spring vegetation in Mykolaiv region, 2018-2023

Years of research End of autumn vegetation Recovery of spring vegetation Winter dormancy
2018/2019 November 17 March 6 104
2019/2020 November 24 February 18 83
2020/2021 November 19 March 28 112
2021/2022 November 20 March 29 88
2022/2023 November 30 March 8 84

depended on weather conditions and sowing dates.
On average, over the years of research, it was deter-
mined that the shortest (64 days) interphase period
“recovery of spring tillering — beginning of earing”
was during sowing on September 20, when the
plants accumulated the sum of effective tempera-
tures of 316.8 °C (Table 3).

It was determined that the shift of winter wheat
sowing dates by every 10 days, the interphase pe-
riod was extended by 2—5 days, and the sum of
effective temperatures increased by 15.3-50.8 °C.

It was determined that in 2019, the earing
of winter wheat, on average, began the earliest
by varieties when sown on September 20 — May
13, while when sown on September 30, Octo-
ber 10 and 20, the date of the earing phase was
shifted 5-2 days later than when sown on Sep-
tember 20 (Table 4).

In 2020, the beginning of earing of winter
wheat crops, on average, occurred from May 19
(September 20) to May 24 (October 20).
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In the Ukrainian southern steppe, among the
main structural elements of winter wheat crop
productivity, the number of productive stems per
area unit has a greater influence on the formation
of grain yield, which depends on the formed den-
sity, weather conditions, varietal characteristics,
pre-sowing seed treatment, etc (Panfilova, 2023;
Korkhova, 2023). On average, during the period
of field research in 2019-2023, a higher density of
productive plant stems was formed by the variety
Duma Odeska, which ranged from 556 pcs./m2
for sowing on October 20 to 797 pcs./m? for sow-
ing on September 30 (Table 5).

It was determined that a larger number of
productive stems per unit area (1 m?) on average
by sowing dates was formed by winter wheat
crops of the studied varieties in 2019 — 736-747
pcs./m?, which is 8-10 pcs./m? more than in
2021; 9—18 pes./m? more than in 2023; 130157
pcs./m? more than in 2022; 157-165 pcs./m?
more than in 2020.
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Table 3. Characteristics of the interphase period “recovery of spring tillering — beginning of earing”
of winter wheat depending on sowing dates and temperature conditions, average for 2019-2023

Sowing dates Interphase period, in days Total effective temperature, °C Total precipitation, mm
September 20 64 316.8 85.9
September 30 66 332.1 88.6
October 10 68 355.0 92.0
October 20 69 367.6 93.1
Average 67 342.9 89.9

Table 4. Dates of the phase “beginning of earing” in winter wheat crops depending on the sowing date

(average for varieties), 2019-2023

Sowing dates
Years
September 20 September 30 October 10 October 20

2019 13.05 15.05 17.05 18.05
2020 20.05 21.05 22.05 23.05
2021 19.05 21.05 23.05 24.05
2022 16.05 17.05 19.05 20.05
2023 17.05 18.05 20.05 21.05

Table 5. The number of productive stems of winter wheat crops depending on the cultivar and sowing date,

2019-2023, pcs./m?

Factor A Factor B Years
(cultivars) (sowing dates) 2019 2020 2021 2022 2023 Average
September 20 756 542 751 619 709 675
September 30 765 603 773 657 727 705
Ozerna October 10 732 579 701 605 741 672
October 20 690 551 679 519 730 634
Average 736 569 726 600 727 672
September 20 782 572 788 648 712 700
September 30 778 607 780 665 797 725
Duma Odeska October 10 736 584 697 611 781 682
October 20 693 556 686 542 770 649
Average 747 580 738 617 765 689
September 20 776 580 793 623 704 695
September 30 769 604 782 602 783 708
Mudrist Odeska October 10 722 571 680 569 766 662
October 20 680 532 662 525 750 630
Average 737 572 729 580 751 674
LSD,; (pcs./m?) by Factor A 8.8 20.5 19.1 20.6 11.7
LSD,, (pcs./m?) by Factor B 12.8 12.2 18.6 15.5 16.1

On average, over the years of research, a
higher density of productive stems was formed by
plants of the Duma Odeska cultivar — from 649
pcs/m? in the variant with sowing on October 20
to 725 pcs/m? when sown on September 30.

Thus, when sown on September 30, wheat
plants were exposed to weather conditions that
contributed to the formation of a greater number
of productive stems. Further delaying the sowing
of winter wheat by every 10 days contributed to
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a decrease in the number of productive stems by
an average of 33—46 pcs./m? compared to sowing
on October 10 and by 7871 pcs./m? compared to
sowing on October 20.

The weight of grain per ear significantly af-
fects the formation of a high yield of winter wheat
and depends on weather conditions, varietal char-
acteristics, plant nutrition, etc. (Korkhova et. al.,
2019). The studies conducted during 2019-2023
determined that the largest weight of grain per
1 ear on average for factor B (sowing time) was
formed by plants of the Duma Odeska cultivar -
0.89—1.05 g. In Ozerna and Mudrist Odeska culti-
vars, this indicator was in the range of 0.90—1.00
g and 0.89-1.00 g, respectively, depending on the
year of research (Table 6).

It was determined that with the shift of sowing
dates from September 20 to October 20, the weight
of grain per 1 ear in winter wheat crops of the stud-
ied cultivars in most years of research increased
by 0.08-0.22 g/ear (Ozerna), by -0.06-0.17 g/ear
(Duma Odeska), and by 0.07-0.20 g/ear.

The increased air temperature contributes to
a decrease in the height of wheat crops, which is
mainly due to a shorter duration of growth and
development. At high temperatures, the phases of
plant growth and development are accelerated, but
the duration of their interphase periods is reduced,
which mainly leads to a decrease in plant height

(Hussain, 2021; Korkhova, 2022). The studies
have shown that with the shift in sowing dates from
September 20 to October 20, the height of plants
of the studied varieties decreased by an average of
3.3—11.7 cm. The highest winter wheat crops, de-
pending on the sowing dates, were formed in 2021
—99.0-110.2 cm (Duma Odeska), 99.2-110.7 cm
(Ozerna), 103.5-115.4 cm (Mudrist Odeska), and
the lowest — in 2020 — 70.3-85.1 cm (Ozerna),
70.0-84.6 cm (Duma Odeska) and 77.6-90.9 cm
(Mudrist Odeska) (Table 7).

The largest height of winter wheat crops
(99.5 cm) was formed by the Mudrist Odeska,
which is 5.0 and 5.5 cm more than in Ozerna and
Duma Odeska cultivars, respectively.

The yield of winter wheat grain depends on
many factors, the main ones being weather condi-
tions, varietal characteristics, predecessors, sow-
ing dates, nutritional conditions, etc. (Panfilova,
2025). According to the results of the studies con-
ducted during 2019-2023, it was determined that
the maximum grain yield (8.62 t/ha) was formed
by Duma Odeska winter wheat crops in 2023 when
sown on October 10 (Table 8). On average, over
the years of research, it was determined that the
highest yield of winter wheat grain by the stud-
ied cultivars (6.37-6.88 t/ha) was formed during
sowing on October 10, which is 0.13—0.39 t/ha,
or 1.9-6.1% more than during sowing on October

Table 6. Grain weight per ear depending on the cultivar and sowing date, 2019-2023, g

Factor A Factor B Years
(cultivars) (sowing dates) 2019 2020 2021 2022 2023 Average

September 20 0.88 0.86 0.85 0.90 0.97 0.89
September 30 0.92 0.94 0.86 0.92 0.90 0.91
Ozerna October 10 1.08 0.93 0.94 0.97 0.92 0.97
October 20 1.10 0.94 0.94 0.92 0.93 0.97
Average 1.00 0.92 0.90 0.93 0.93 0.94
September 20 0.91 0.87 0.85 0.93 0.95 0.90
September 30 0.94 0.87 0.86 0.98 1.00 0.93
Duma Odeska October 10 1.08 0.90 0.92 1.05 1.1 1.01
October 20 1.08 0.93 0.97 1.04 1.12 1.03
Average 1.00 0.89 0.90 1.00 1.05 0.97
September 20 0.90 0.85 0.88 0.86 0.92 0.88
September 30 0.94 0.88 0.90 0.90 0.96 0.92
Mudrist Odeska October 10 1.05 0.90 0.92 0.93 1.03 0.97
October 20 1.10 0.92 0.97 0.93 1.06 1.00
Average 1.00 0.89 0.92 0.91 0.99 0.94

LSD,; (g/ear) by Factor A 0.04 0.04 0.02 0.02 0.03

LSD,, (g/ear) by Factor B 0.04 0.03 0.02 0.02 0.02
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Table 7. Height of winter wheat crops depending on the cultivar and sowing date, 2019-2023, cm

Factor A Factor B Years
(cultivars) (sowing dates) 2019 2020 2021 2022 2023 Average
September 20 105.6 85.1 110.7 92.3 104.0 99.5
September 30 100.2 82.3 107.4 89.6 101.7 96.2
Ozerna October 10 98.7 79.5 104.8 86.0 99.0 93.6
October 20 95.1 70.3 99.2 84.5 94.3 88.7
Average 99.9 79.3 105.5 88.1 99.8 94.5
September 20 104.1 84.6 110.2 92.0 103.7 98.9
September 30 100.0 82.0 106.6 89.2 101.2 95.8
Duma Odeska October 10 97.3 79.1 104.2 85.7 98.6 93.0
October 20 94.8 70.0 99.0 84.1 94.0 88.4
Average 99.1 78.9 105.0 87.8 99.4 94.0
September 20 112.5 90.9 115.4 97.8 109.7 105.3
September 30 106.7 88.3 1M11.2 93.4 105.4 101.0
Mudrist Odeska October 10 103.9 85.4 108.7 90.5 102.6 98.2
October 20 100.1 77.6 103.5 87.9 99.0 93.6
Average 105.8 85.6 109.7 92.4 104.2 99.5
LSD,, (cm) by Factor A 3.8 46 42 49 6.4
LSD,, (cm) by Factor B 29 3.4 3.9 3.6 3.6
Table 8. Winter wheat grain yield depending on the cultivar and sowing date, 20192023, t/ha
Factor A (cultivars) Fe_lctor B vears Average
(sowing dates) 2019 2020 2021 2022 2023
September 20 6.28 4.50 5.74 5.43 5.87 5.56
September 30 7.02 5.67 6.12 5.91 6.40 6.22
Ozerna October 10 7.85 5.53 6.58 5.78 6.78 6.43
October 20 7.50 5.09 6.37 4.62 6.61 6.04
Average 7.16 5.20 6.21 5.44 6.42 6.09
September 20 6.12 4.78 5.51 6.01 6.71 5.83
September 30 7.24 5.01 6.19 6.50 7.92 6.57
Duma Odeska October 10 7.75 5.25 6.37 6.41 8.62 6.88
October 20 7.77 5.14 6.65 5.57 8.60 6.75
Average 7.22 5.05 6.18 6.12 7.96 6.51
September 20 6.01 4.70 5.62 5.37 6.17 5.57
September 30 7.14 5.256 6.00 5.42 7.43 6.25
Mudrist Odeska October 10 7.55 5.00 6.25 5.29 7.76 6.37
October 20 7.40 4.71 6.40 4.70 7.90 6.22
Average 7.03 4.92 6.07 5.20 7.32 6.10
LSD,, (t’/ha) by Factor A 0.25 0.22 0.18 0.12 0.08 0.04
LSD,, (t/ha) by Factor A 0.15 0.17 0.1 0.12 0.12 0.04

20; by 0.21-0.31 t/ha, or 3.4-4.7% more than dur-
ing the sowing on September 30 and by 0.87—1.05
t/ha, or 15.6-18.0% more than during the sowing
on September 20 (Figure 6).

According to the results of the analysis of
variance, it was found that the studied factors

significantly influenced the formation of winter
wheat grain yield. On average, in 2019-2023,
factor B (sowing dates) had a greater share of in-
fluence on the yield — 73.0%, while factor A ( cul-
tivars) had only 22.9%. The correlation between
factors A and B was 3.6% (Figure 7).
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Figure 6. Winter wheat grain yield depending on the cultivar and sowing date, average for 2019-2023, t/ha
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CONCLUSIONS

The growth, development and formation of
productivity of modern durum wheat varieties
depending on the sowing time in non-irrigated
conditions of southern Ukraine were studied.
It was determined that the average daily air
temperature for the I-11I decade of October 2018—
2022 increased by 2.0-3.3 °C compared to the
period of 2013-2017, which allows to extend the
sowing period of winter wheat. It has been proved
that the duration of the autumn vegetation of
winter wheat crops in 2018-2022 was on average
23-27 days shorter depending on the sowing dates
compared to the previous period (2013-2017). It
was determined that the air temperature in the
winter months (January—February) of 2019-2023
increased by 0.7—4.3 °C compared to the previous
period (2014-2018). It was found that the period

360
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Figure 7. Share of influence of factors on the formation of winter wheat grain yield, average for 2019-2023, %

of short-term winter thaws was extended, during
which wheat plants gained 3.2-42.0 °C more
effective temperatures than in the previous period
(2014-2018). It was determined that the phase
“beginning of earing” occurred earlier in 2019
(May 13-18) and later in 2021 (May 19-24),
depending on the sowing date. A higher density
of productive plant stems and grain weight per 1
ear on average in 2019-2023 was formed by the
variety Duma Odeska (689 pcs./m? and 0.97 pcs./
m?), which is 15-17 pcs./m? and 0.3 g/ear more
than in other studied varieties. It was determined
that factor B (sowing time) has a greater influence
on the formation of winter wheat grain yield
than factor A (cultivars). On average, over the
five years of research (2019-2023), a higher
grain yield was formed by plants of the studied
winter wheat varieties when sown on October 10
(6.37-6.88 t/ha), which is 0.12—0.31 t/ha more
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than when sown on September 30; 0.74—0.87 t/ha
more than when sown on September 20 and 0.13—
0.39 t/ha more than when sown on October 20.
Thus, the optimal time for sowing winter wheat
varieties Duma Odeska and Mudrist Odeska is
from October 10 to 20, and for Ozerna — from
September 30 to October 10.
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