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SOIL MOISTURE RESERVES AND DEVELOPMENT OF WINTER WHEAT PLANTS
DURING THE AUTUMN VEGETATION IN THE NORTHERN STEPPE OF UKRAINE

M. M. Solodushko, V. P. Solodushko, I. I. Gasanova, N. A. Zavalypich
State Enterprise Institute of Grain Crops of NAAS of Ukraine, 14 Volodymyr Vernadskyi St., Dnipro, 49009, Ukraine

Topicality. Knowledge of the trends and patterns of influence of atmospheric phenomena, in particu-
lar air temperature and precipitation, on the formation of certain yield attributes of winter wheat, allows us
to avoid or significantly mitigate the negative effect of a certain weather factor that in some cases plays a
decisive role in ensuring the emergence of friendly sprouts, plant development in autumn and plant condition
before overwintering. Purpose. To determine the influence of weather conditions in autumn on the soil mois-
ture availability and the condition of winter wheat plants grown after sunflower before overwintering in the
Northern Steppe of Ukraine. Materials and Methods. The study and analysis of problematic issues was car-
ried out at the Synelnykove Breeding and Research Station in the crop rotation of the Laboratory of Agrobio-
logical Resources of Winter Grain Crops of SE Institute of Grain Crops of NAAS during 2019-2024. The
winter wheat cultivation technology is generally accepted for the Northern Steppe of Ukraine. Sampling of
soil and plants was carried out in accordance with existing recommendations. Results. Weather conditions
during the autumn vegetation largely determined the condition of winter wheat crops at the beginning of the
winter period. In 2019-2024, the average air temperature and precipitation in September-November were
10.8 °C and 114.6 mm, respectively, which was 1.6 °C higher and 2.4 mm lower than the long-term average.
High temperatures and a prolonged lack of precipitation almost every year resulted in a critical decrease in
productive soil moisture reserves at the time of sowing winter wheat, which averaged only 2 mm in the 0-10 cm
soil layer, 4 mm in the 0-20 cm layer, 10 mm in the 0-50 cm layer, and 17 mm in the 0—100 cm layer, which
was 21-25 % of the long-term average. The amount of precipitation did not meet the moisture needs of the
plants during the autumn vegetation, and thus the average amount of available moisture in the arable and
one-metre layers of soil at the autumn vegetation cessation was only 16 mm and 45 mm, respectively, or 50
and 44 % of the average long-term norm. As a result, the biometric parameters of winter wheat plants before
overwintering in most years did not correspond to optimal values, which primarily ensured high frost toler-
ance of winter wheat plants, as a result - plants were 13-15 cm high, with an average of 1.1-1.4 shoots and
1.8-2.7 nodal roots. Conclusions. It was found that soil moisture availability during the autumn period in
most years did not meet the moisture needs of winter wheat plants, as a result, the plants began wintering in
a relatively weak morphophysiological condition. Nevertheless, the elevated air temperature during the ca-
lendar winter allowed winter crops of optimal sowing dates to successfully complete the winter period, with
virtually no losses.

Key words: winter wheat, weather conditions, soil moisture reserves, autumn vegetation, plant condition

Introduction. In recent years, global war-
ming has been a key factor in shaping Ukraine's
climate in the steppe zone, so weather condi-
tions during the growing season of winter crops
have been quite favourable for plant growth and
productivity. First and foremost, warming af-
fects the hydrothermal regime, which is the ba-
sis of a complex system of relationships bet-
ween plant organisms, the environment and ele-
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ments of technology for growing a particular crop.
At the same time, although the Steppe of Ukra-
ine, in particular its northern part, is cha-racte-
rised by relatively good heat and moisture ratios
for growing winter wheat (Triticum aestivum L.),
the level of its viability is determined mainly by
the conditions of water supply during the grow-
ing season, which is based on precipitation.

It is proved that the influence of weather
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conditions on the formation of the productivity
of the main grain crop is 20-40% depending on
the cultivation technologies, and in years with
extreme meteorological phenomena this influ-
ence increases to 60—70% and more [1-3].

Gradual climate changes over the past de-
cades have led to noticeable, sometimes sharp
fluctuations in weather parameters and increa-
singly frequent droughts during the growing
season. Nonetheless, a rise in air temperature up
to a certain limit is generally favourable for
growing not only winter wheat but also other
winter crops. The most important is the signifi-
cant warming of the late autumn and winter pe-
riods, which allows plants to accumulate suffi-
cient vegetative biomass to successfully over-
winter, creating good conditions for their further
spring and summer vegetation and the formation
of the main yield attributes [4-6].

As is known, the most favourable tempe-
rature for seed germination of winter wheat is
12-18 °C, which ensures the emergence of even
seedlings within 6-9 days. Higher air tempera-
tures (above 25 °C) are unfavourable for seed
germination, as they can cause severe disease in-
fection of seedlings, and at temperatures of 40 °C
with a relative humidity of 30 % and below,
germinated seeds die due to intense moisture
evaporation, and those that have swollen lose
germination due to respiration, nutrient con-
sumption and pathogen damage [7-10].

The aridity of the climate in the Steppe
zone is caused not only by insufficient precipita-
tion, but also by its uneven distribution over the
months, increased water consumption for trans-
piration and evaporation from the soil surface,
which is more manifested in summer and early
autumn [11-13]. Therefore, in both dry and
moderately wet years, the harvest is directly de-
pendent on the level of water consumption by
wheat. Usually, plants consume moisture most
efficiently after those predecessors that leave
more moisture content in the soil, especially in
topsoil. The water consumption of the main
grain crop and its moisture availability are de-
termined by many factors, in particular, the vo-
lume of vegetative mass of plants and plant
population per unit area, which largely depends
on technological factors (varietal characteristics,
predecessors, fertilisers, sowing dates, seeding
rates, etc.), as well as productive moisture re-
serves in the soil at the sowing date, which de-
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termine the friendly emergence of seedlings,
intensive development of plants in autumn and
their successful overwintering [14-16].

In crop production, the importance of
moisture is well known. Plants generally contain
around 90 % water by fresh weight. Seed ger-
mination is greatly dependent on post-sowing
conditions, among which moisture availability
and soil temperature are crucial factors. As you
know, winter wheat is quite demanding on
moisture content, as seeds germinate and absorb
about 50-55 % of water by their own weight.
Therefore, the moisture deficit in the soil at the
time of sowing wheat in the early autumn often
results in significant damage to crops (some-
times with catastrophic consequences), as
friendly and timely seedlings emergence of this
crop occurs only when the soil layer of 0-10 cm
contains 10 mm or more of available moisture.
In general, insufficient water availability for
winter wheat is the main factor that prevents it
from realising its full productivity potential.
Moreover, the law of the minimum determines
the ecological limit of the yield in specific con-
ditions [17-20].

The productive moisture reserves in the
soil are the main factor in the soil-plant connec-
tion, which is crucial for producing friendly
seedlings and further vegetation of agricultural
crops. Insufficient moisture content in the soil
not only negatively affects plant development,
but also significantly reduces the effectiveness
of certain elements of cultivation technology.
Therefore, the issues of dynamics and rational
use of soil moisture reserves and precipitation
by winter wheat agrocenoses remain scientifi-
cally relevant and significant in practice. Given
the impact of weather conditions on the for-
mation of individual elements of productivity
for this crop, this knowledge and operational in-
formation should be used to partially compensate
for possible adverse effects of abiotic factors on the
quantitative value of the harvest [21-24].

The initial period of winter wheat deve-
lopment is crucial in the formation of highly
productive crops, as this period largely ensures
further growth and development of plants and
the final result. According to long-term observa-
tions and practice, timely and full-fledged seed-
lings contribute to the fact that crops develop
well in autumn, plants quickly accumulate
aboveground mass and have a powerful root
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system, and usually produce high grain yields,
even under adverse weather conditions during
the spring and summer growing season. On the
contrary, crops that are poorly developed and
thinned out in autumn produce almost always
low yields [25, 26].

According to the majority of scientists, the
autumn soil drought before sowing and during
the autumn growing season is the most danger-
ous for winter crops, especially in the steppe
zone, which is characterised by high tempera-
tures and a prolonged lack of precipitation. The
discrepancy between the water demand of plants
and the soil water availability, which is deter-
mined by atmospheric precipitation, is the pri-
mary criterion associated with drought. Winter
crops are particularly affected by the negative
impact of drought, as their yields vary by 50-60 %
depending on meteorological factors in different
yearsActually, this is confirmed by a strong cor-
relation between the soil moisture reserves in
the 1-metre layer during sowing and wheat yield
(r =0.69-0.79) [27-30].

Given global climate change, increasingly
dry weather conditions and a significant de-
pendence of winter wheat productivity on soil
moisture availability during the autumn growing
season, the study was aimed at analysing the
hydrothermal regime and investigating its im-
pact on productive soil moisture reserves during
the autumn growing season, as well as the state
of plants at early winter in the Northern Steppe
of Ukraine.

Materials and Methods. The studies and
observations were carried out at the Synelny-
kove Breeding and Research Station in the crop
rotation of the Laboratory of Agrobiological
Resources of Winter Grain Crops of the Institute
of Grain Crops of NAAS in accordance with
existing methodologies during 2019-2024 [31,
32]. The soil of the experimental plot is ordinary
chernozem. This soil had an average humus
content of 3.9 % in the topsoil and a pH in the
salt extract of 6.6. After seven days of compos-
ting, the nitrogen content of nitrates was 2.39—
3.11 mg, and the mobile forms of phosphorus
and potassium (according to Chirikov) were
11.9-17.3 and 11.3-14.7 mg per 100 g of abso-
lutely dry soil, respectively. The area of an ele-
mentary registration plot is 50 m?, with a repeat
rate of 3 times.

In the experiment, soil and plant samples
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were collected on winter wheat crops sown after
sunflower, which is the most common predeces-
sor for winter cereals in the research area over
the past two decades. The cultivation technolo-
gy is generally accepted for the Northern Steppe
of Ukraine. Sowing of winter wheat was carried
out with a mounted seed drill SN-16. The so-
wing method was solid line sowing, with a seed-
ing depth of 5-6 cm. The sowing date was op-
timal (20-25 September). Seeding rate was
5.0 million germinated seeds per hectare.

The analysis of weather conditions during
the research showed that they were quite diverse
both in terms of temperature and precipitation,
and had a significant impact on the moisture
availability of plants and the formation of their
productivity. As a result, we obtained reliable
information on the productive moisture reserves
in the soil and the dynamics of its consumption
during the autumn growing season for winter
wheat cultivation after sunflower under insuffi-
cient and unstable moisture conditions in the
Northern Steppe zone. In terms of atmospheric
moisture, the most favourable for winter crops
were the autumn periods of 2022—-2023, while
2020-2021 were drier. Other years were charac-
terised by moderate moisture, with precipitation
amounts approaching the long-term average, but
slightly lower than it.

Results and Discussion. Many years of
practice have shown that the main agrometeoro-
logical indicators that determine the develop-
ment of winter crops in autumn are air tempera-
ture, precipitation, and, as a result, soil moisture
content. According to the research results, hyd-
rothermal conditions in recent years at sowing
and early autumn vegetation of winter wheat
sown after sunflower were very severe and did
not ensure the emergence of friendly and timely
seedlings. Thus, in September, the air tempera-
ture averaged 17.2 °C over 6 years, which was
1.2 °C higher than the long-term average (Table
1). This contributed to the significant evapora-
tion of agronomically valuable moisture from
the soil, and this was also complicated by insuf-
ficient precipitation at this time — 25.1 mm, or
64.4 % of the climatological norm.

October was characterised by rather warm
weather: the average air temperature was
11.2 °C, which was 2.1 °C higher than the long-
term average. Such a thermal regime with a
relatively sufficient amount of precipitation (an
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Table 1. Agrometeorological indicators in the autumn period, 2019-2024

(according to data of the Synelnykove meteorological station)

Air temperature, °C Precipitation, mm
Month deviation from deviation from
average standard standard average standard standard
September 17.2 16.0 +1.2 25.1 39 -13.9
October 11.2 9.1 +2.1 37.6 38 -0.4
November 4.1 2.5 +1.6 51.9 40 +11.9
Average ‘;‘g theperi- | 10 9.2 +1.6 114.6 117 2.4
Average for the year 10.6 9.3 +1.3 521 515 +6.0

average of 37.6 mm against the norm of 38 mm)
in most of the years under study allowed winter
wheat to form seedlings, mainly in the middle of
October, despite the sowing date in September.

Under such conditions, the seeds, which
were kept in dry soil for about 30-40 days, kept
field germination at a sufficiently high level,
and so did not have a negative impact on winter
hardiness and plant productivity and yield for-
mation in general.

In November, an elevated temperature re-
gime also prevailed, allowing plants to continue
growth processes under sufficient atmospheric
moisture supply, at least in the first half of this
month, to maintain photosynthetic activity and
accumulate plastic substances. In addition, such
weather conditions also contributed to the cold
hardening of winter crops, and as a result, their
successful overwintering, efficient utilisation of
mineral nutrients and drought resistance during
the next spring and summer growing season.
Thus, the average monthly air temperature was
4.1 °C, which was 1.6 °C above the long-term ave-
rage, and precipitation was 51.9 mm, or 11.9 mm
higher than usual for this calendar period. In
accordance with the temperature indicators, the
plants ceased active growth in early November,
but during daylight hours they continued to
grow until the end of the month and for some
time in December, which allowed winter wheat
to pass a certain stage in its development, which
was primarily due to the intensity and duration
of the thermal regime of the phytocenosis.

In general, the autumn period of 2019-
2024 was characterised by high air temperatures
and moderate precipitation, which did not en-
sure timely emergence of winter wheat seed-
lings at early and optimal sowing dates, but al-
lowed it to start overwintering, although not in
optimal, but in relatively good condition, i.e.
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plants usually had 2 to 4 leaves at this time and
later, in case of warm winter, often started
spring vegetation at the beginning of the tille-
ring stage or with 2 shoots. During September —
November period, the average air temperature
was 10.8 °C, which was 1.6 °C higher than the
long-term average. The average precipitation for
this period was only 2.4 mm below the standard
value, which had a significant impact on soil
moisture availability, especially in cases where
the winter wheat was preceded by sunflower,
which leaves a minimum of nutrients in the soil
and is capable of drying the soil to a considera-
ble depth due to the large water consumption.
Thus, grain producers face a number of prob-
lems, the solution of which depends not only on
the economic potential of a particular farm, but
also on the professional ability of specialists to
accumulate and preserve the sufficient moisture
for further growing winter crops under this pre-
decessor by ensuring better soil absorption ca-
pacity and reducing moisture losses from physi-
cal evaporation in the post-harvest period.
Long-term data show that winter wheat
plants tillering and rooting well in autumn and
have a good state of development for overwinte-
ring, if the reserves of available moisture in the
soil layer 0-20 cm at sowing date are 20-30 mm,
and in 0-100 cm — 100-115 mm or more. How-
ever, practical activities, systematic observa-
tions and scientific research indicate that over
the past three decades in the Steppe of Ukraine,
soil moisture reserves before sowing winter
wheat have significantly decreased. This is ex-
plained not only by poor predecessors, the lack
of organic fertilisers on the fields and the dete-
rioration of the soil structure, which accumu-
lates and preserves atmospheric moisture, but
also by weather conditions such as hydrother-
mal regime, which became more severe in the
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pre-sowing period (late summer and early au-
tumn) [33, 34].

During the research, the increased temper-
ature regime, prolonged lack of precipitation
and dry winds of different intensity resulted in a
critical decrease of productive moisture reserves
in the soil almost every year at sowing of winter
wheat after sunflower. And this was true not

only for the topsoil, but also for the entire one-
metre horizon. Thus, on a 6-year average, agro-
nomically valuable moisture in the 0-10 cm soil
layer at the optimal sowing date (20-25 Sep-
tember) was only 2 mm, 0-20 cm — 4 mm, 0—
50 cm — 10 mm, 0-100 cm — 17 mm, which was
21-25 % of the long-term average (Table 2).

In the fields after sunflower before sowing

Table 2. Productive moisture reserves in the soil at the optimal sowing dates
for winter wheat, mm (sunflower as a predecessor)

Soil layers, cm
ear 0-10 0-20 i 0-50 0-100
2024 0 0 0 2
2023 3 7 12 19
2022 8 14 24 28
2021 0 0 9 13
2020 0 0 0 1
2019 1 3 13 37
Average for 2019-2024 2 4 10 17
Long-term average 9 18 40 80

winter wheat, the least moisture content availa-
ble for plants, both in the sowing (0 mm) and in
the one-metre (1-13 mm) soil layers, was ob-
served in 2020, 2021 and 2024. The relatively
better soil moisture availability, but not optimal,
was in 2019, 2022 and 2023, when moisture re-
serves did not exceed 19-37 mm even in the
one-metre horizon, which was 2—4 times less
than the standards.

The growing conditions of winter wheat in
autumn varied considerably and depended on
many factors, among which the weather factor
was dominant, determining the effectiveness of
almost all technological elements and ensuring
the degree of plant development before over-
wintering, the frost and winter hardiness, and

the resistance to adverse weather conditions in
the future. Atmospheric precipitation together
with the thermal resource determined the inten-
sity of plant growth processes and provided ap-
propriate reserves of productive moisture in the
soil, which remained rather low at the cessation
of the autumn vegetation of winter wheat during
6 years of research, indicating a significant de-
pendence of winter wheat on further precipita-
tion in winter and early spring. Thus, in topsoil
and one-metre layers of soil, the agronomic val-
uable moisture content before overwintering
averaged only 16 mm and 45 mm, respectively,
which was 50 and 44 % of the long-term ave-
rage (Table 3).

Such relatively low moisture reserves in

Table 3. Productive moisture reserves in the soil at the cessation of the autumn vegetation
of winter wheat, mm (sunflower as a predecessor)

Soil layers, Years Long-term
cm 2019 2020 2021 2022 2023 2024 average average
0-20 15 4 11 29 38 13 16 32
0-100 36 12 33 67 103 23 45 103

the soil from sowing to the beginning of the
winter did not ensure normal growth and deve-
lopment of winter wheat, which was grown after
sunflower. However, there was an opinion that a
good condition of winter crops (tillering stage)
is achieved if 20 % of the annual precipitation
falls in autumn [22]. But first and foremost, this
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relates to winter wheat grown after the best pre-
decessors that contributed to the accumulation
and preservation of moisture in the soil, such as
black and bastard fallow, after which the vast
majority of the main grain crop was sown until
recently. However, this thesis has not been con-
firmed in recent years, as significant changes in
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winter crops predecessors have occurred — the
share of non-fallow predecessors, which are
harvested relatively late and remain low mois-
ture content in the soil, has increased signifi-
cantly, as well as weather conditions have be-
come drier in the warm season and wetter in the
cold seasonDespite the fact that the total annual
precipitation in the Steppe of Ukhaine as slight-
ly increased, its efficiency has slightly de-
creased for various reasons, primarily due to
rising air temperatures and intensity of evapora-
tion processes. Thus, the share of autumn pre-
cipitation averaged 22.7 % of the annual amount
over the years of research, but there was a weak
condition of winter wheat crops before overwin-
tering, which is explained by the uneven distri-
bution of precipitation in autumn. The main part
of precipitation fell in the late autumn growing
season and did not sufficiently affect the intensi-

ty of plant growth processes, as they were li-
mited not so by moisture as by low air tempera-
ture and, as a result, by the insufficient effec-
tiveness of mineral fertilisers applied.

In this regard, winter wheat grown after
sunflower in 2019-2024 terminated the autumn
growing season with an average plant density of
468 plants/m® and field seed germination of
94 % (Table 4).

At the same time, plants with a height of
13-15 cm had an average of 1.1-1.4 shoots and
1.8-2.7 nodal roots. During the research, winter
wheat was in various physiological states before
overwintering — from the full seedling stage
(2021) to the tillering stage (2022), but in most
years it did not meet the optimal biometric pa-
rameters that would primarily ensure its high
resistance to low temperatures.

Despite the relatively weak state of the

Table 4. The state of winter wheat crops at the cessation
of the autumn vegetation (sunflower as a predecessor)

Indicators Years Ave-
2019 2020 2021 2022 2023 2024 rage
Plant density, plants/m’ 467 474 452 470 478 467 468
Field germination, % 93 95 90 94 96 93 94
Plant height, cm 12-14 | 14-16 6-8 16-18 12-14 8-10 13-15
Number of shoots, pcs/plant | 1.5-2.0 12'50_ - 20-30 | 1.2-15 - 1.1-1.4
Number of nodal roots, 34 34 B 35 2.3 B 1827
pcs/plant
full the 2.3 the
Plant development stage tillering | tillering . tillering | beginning beginning
seedlings of tillering leaves of tillering

crops at the cessation of the autumn growing
season, we have achieved fairly high yields of
winter wheat, even for such a predecessor as
sunflower, both in experiments and in produc-
tion in recent years, thanks primarily to favour-
able winter conditions. As a result of the eleva-
ted temperatures (often up to +5 °C and above),
the absence of significant soil freezing and sys-
tematic precipitation, mainly in the form of rain,
the plants were able to continue their life pro-
cesses. Moreover, the state of the crops im-
proved significantly due to minimal water losses
in the fields, as almost all precipitation moisture
was absorbed into the soil, which allowed ac-
cumulating significant reserves for the active
spring growth of winter wheat, thereby ensuring
the most favourable conditions for plants in
spring.

Conclusions. Thus, soil moisture reserves
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during the autumn vegetation of winter wheat
grown after non-fallow predecessors, in particu-
lar after sunflower, in the Northern Steppe zone
of Ukraine determine the time and uniformity of
seedlings emergence, plant development before
overwintering and determine effectiveness of
technological elements to some extent. Accor-
ding to the practice of recent years, in the con-
text of climate warming, the quantitative indica-
tors of productive moisture reserves in the soil
during autumn may differ significantly from the
optimal ones and do not provide the necessary
state of plants before overwintering, which is
usually compensated by the increased air tem-
perature during winter, which allows winter
crops not only to pass a minor stage in their de-
velopment, but also to improve the moisture
availability of the soil, which has a positive ef-
fect on the formation of its productivity.

https://doi.org/10.31867/2523-4544/0345



10

11.

12.

13.

14.

15.

References

. Adamenko, T. (2006). Changes in agroclimatic condi-

tions and their impact on grain farming. Ahronom
[Agronomist], 3. 12-15 [in Ukrainian].

. Shevchenko, M. S., Desiatnyk, L. M., Bokun, O. I.

(2020). Dynamics of productive moisture reserves in
the soil and yield of spring barley depending on soil
cultivation and fertilizers. Zernovi kultury [Cereal
crops], 4 (1). 160-166. https://doi.org/10.31867/2 162
523-4544/0120 [in Ukrainian].

. Adamenko, T. I. (2007). Klimatychni umovy Ukrainy

ta mozhlyvi naslidky poteplinnia klimatu Climatic
conditions of Ukraine and possible consequences of
climate warming. Ahronom [Agronomist], 1 (15). 8-11
[in Ukrainian].

. Polowyi, A. (2010). Climate change for the good?. Sil-

ski visti [Rural news], 9 (112). 2 [in Ukrainian].

. Pysarenko, P. V., Mishukova, L. S. (2020). Water con-

sumption of winter wheat. Ahrarni innovatsii [Agricul-
tural innovations], 1. 63-68. DOI: 10.32848/agrar.innov.
2020.1.10 [in Ukrainian].

. Solodushko, M. M,. Petrushak, V. Ya., Hladka, A. V.,

Sereda, I. I. (2010). Stocks of productive moisture in
the soil after the restoration of spring vegetation and
yield of winter wheat depending on growing condi-
tions. Biuleten Instytutu zernovoho hospodarstva
[Bulletin of the Institute of Grain Management], 38.
29-33 [in Ukrainian].

. Solodushko, M. M. (2024). Moisture availability and

yield of winter wheat depending on predecessors in the
Northern Steppe zone. Zernovi kultury [Cereal crops],
8. 1. 84-91. https://doi.org/10.31867/2523-4544/0315
[in Ukrainianl.

. Zinchenko, O. |., Korotieiev, A. V., Kalenska, S. M. et

al. (2008). Roslynnytstvo [Plant growing] / O. I. Zin-
chenka Ed. Praktykum. Vinnytsia: Nova Knyha Ed.,
536 [in Ukrainian].

. Lykhochvor, V. V., Petrychenko, V. F., lvashchuk, P. V.

(2008). Zernovyrobnytstvo [Agriculture]. Lviv: NVF
«Ukrainski tekhnolohii». [in Ukrainian].

. Cherenkov, A. V., Nesterets, V. H., Solodushko, M.
M., Krotinov, I. V., Kobos, I. O. (2018). The influen-
ce of agroecological and technological factors on the
formation of winter wheat yield in the southeastern
Steppe. Visnyk ahrarnoi nauky [Bulletin of Agricul-
tural Science], 5. 18-26 [in Ukrainian].

Naukovi osnovy ahropromyslovoho vyrobnytstva v
zoni Stepu Ukrainy [Scientific foundations of agroin-
dustrial production in the Steppe zone of Ukraine
(2004). / Zubets, M. V. (Ed.) et al. Kyiv: Ahrarna
nauka, 2004. (pp. 15-18). [in Ukrainian].
Bondarenko, V. Y., Sobko, A. A., Hodulyan, Y. S. et
al. (1977). Ozymaia pshenytsa v Stepy [Winter wheat
in the Steppes] / Remeslo, V. N. (Ed.) et al.]. Kyiv:
Urozhai. (pp. 239-252). [in Russian].

Netys, Y. T. (2009). Critical moisture for winter
wheat. Zerno [Grain], 1. 41-46 [in Ukrainian].
Hamaiunova, V. V., Panfilov, A. V., Hlushko, T. V.
(2019). Importance of nutrition optimization and va-
riety characteristics in the effective use of moisture
by winter wheat in the conditions of the Northern
Steppe of Ukraine. Tavriiskyi naukovyi visnyk [Tavria
Scientific Bulletin], 107. 22-28 [in Ukrainian].
Kyryliuk, V. P. (2018). Dynamika zapasiv produktyv-
noi volohy i vodospozhyvannia pshenytsi ozymoi v

Grain Crops. Vol. 8. No.2. 2024. P. 289-296

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

https://doi.org/10.31867/2523-4544/0345

umovakh Pravoberezhnoho Lisostepu Ukrainy [Dy-
namics of reserves of productive moisture and water
consumption of winter wheat in the conditions of the
Right Bank Forest Steppe of Ukraine]. Visnyk
Umanskoho natsionalnoho universytetu sadivnytstva
[Bulletin of the Uman National University of Horti-
culture], 1. 9-15. Access mode: http://nbuv.gov.ua/
UJRN/vumnuc_2018_1 4 [in Ukrainian].

Zaiets, S. O., Netis, V. I. (2013). Water consumption
of grain crops and soybeans depending on the condi-
tions of moisture availability. Zroshuvane zemlerob-
stvo [Irrigated agriculture], 59. 30-34 [in Ukrainian].
Krukivska, A. V. (2008). Agroclimatic assessment of
moisture supply conditions of the main grain crops in
Ukraine. Ukrainskyi hidrometeorolohichnyi zhurnal
[Ukrainian Hydrometeorological Journal], 3. 109-116
[in Ukrainian].

Hudz, V. P. (2010). Ekolohichni problemy zemlerob-
stva: Pidruchnyk [Ecological problems of agriculture:
Textbook]. Zhytomyr: «Zhytomyrskyi natsionalnyi
ahroekolohichnyi universytet» Ed. [in Ukrainian].
Shykula, N. K., Nazarenko, H. V. (1990). Minimalna-
ya obrabotka chernozemov i vosproyzvodstvo ikh
plodorodiya [Minimal cultivation of chernozems and
reproduction of their fertility]. Moskva: Ahro-
promyzdat, 320 [in Russian].

Zaiets, S. O., Muzyka, V. Ye., Nyzheholenko, V. M.,
Rudik, O. L. (2021). Assessment of the adaptive ca-
pacity and stability of winter soft wheat varieties un-
der different conditions of moisture availability in the
south of Ukraine. Zroshuvane zemlerobstvo [lIrrigated
agriculture], 76. 17-21. DOI: 10.328 48/0135-
2369.2021.76.3 [in Ukrainian].

Petr, Y., Cherny, V., Hrushka, L. (1984). Formiro-
vaniye urozhaya osnovnykh selskokhozyaystvennykh
kultur [Formation of the harvest of the main agricul-
tural crops] / Blahoveshchenskaia, Z. K. transl. Mos-
kva: Kolos. [in Russian].

Shapoval, 1. S. (2002). Soil water regime depending
on the saturation of crop rotations with grain crops.
Zbirnyk naukovykh prats Instytutu zemlerobstva
UAAN [Collection of scientific papers of the Institute
of Agriculture of the Ukrainian Academy of Scienc-
es],1. 44-47 [in Ukrainian].

Litvinov, D. V. (2007). The dynamics of productive
moisture in the soil during the cultivation of grain ear
crop. Zbirnyk naukovykh prats NNTS «Instytut zem-
lerobstva UAAN» [Collection of scientific papers of
the National Scientific Center «Institute of Agricul-
ture of the Ukrainian Academy of Sciences»]. Kyiv:
EKMO. (pp. 3-4, 34-38). [in Ukrainian].

Kaminskyi, V. F., Hanhur, V. V. (2018). Dynamics of
productive moisture in the soil during the cultivation
of winter wheat in crop rotations of the Left-Bank
Forest-Steppe  of Ukraine. Visnyk Poltavskoi
derzhavnoi ahrarnoi akademii [Bulletin of the Polta-
va State Agrarian Academy], 3. 11-14. DOI:
10.31210/ visnyk2018.03.01 [in Ukrainian].

Netis, I. T. (2011). Pshenytsia ozyma na pivdni
Ukrainy [Winter wheat in southern Ukraine]: mon-
ohrafiia. Kherson: OldiPlius. [in Ukrainian].

Priadko, Yu. M. (2014). Features of growth and de-
velopment of winter wheat plants in the autumn vege-
tation period depending on predecessors and sowing

295


https://doi.org/10.31867/2%20162%20523-4544/0120
https://doi.org/10.31867/2%20162%20523-4544/0120
https://doi.org/10.31867/2523-4544/0315
http://nbuv.gov.ua/UJRN/vumnuc_2018_1_4
http://nbuv.gov.ua/UJRN/vumnuc_2018_1_4

dates. Biuleten Instytutu silskoho hospodarstva stepo- agroecological factors on the yield of winter wheat in

voi zony NAAN Ukrainy [Bulletin of the Institute of the steppe zone of Ukraine. Ahroekolohichnyi zhurnal
Agriculture of the Steppe Zone of the NAAS of [Agroecological journal], 1. 106-114 [in Ukrainian].
Ukraine], 7. 143-147 [in Ukrainian]. 28. Vorona, L. l., Storozhuk, V. V., Tkachuk, V. P,
27. Romanenko, O. L., Konova, S. R., Solodushko, M. Shvaika, O. V., Ishchuk, O. V. (2013). Weather con-
M., Baloshenko, S. V. (2015). The influence of ditions of the autumn growing season and the deve-
lopment of winter wheat at different sowing dates. basics of statistical processing of research results]
Ahropromyslove vyrobnytstvo Polissia [Agro-industrial (5thed. rev.). Moscow: Ahropromizdat. [in Russian].
production of Polissya], 6. 1420 [in Ukrainian]. 32. Tsykov, V. S., Pickush, G. R. (1983). Metodicheskie
29. Lytvynenko, M. A. (2016). Creation of varieties of rekomendacii po provedeniyu polevykh opytov s
soft winter wheat (Triticum aestivum L.), adapted to zernovymi, zernobobovymi i kormovymi kulturami
climate changes in Southern Ukraine.Zbirnyk nau- [Methodical recommendations on caring out the field
kovykh prats Selektsiino-henetychnoho instytutu tests with cereals, legumes and feed crops]. Dnepro-
Natsionalnoho tsentru nasinnieznavstva ta sor- petrovsk, 46 p. [in Ukrainian].
tovyvchennia [Collection of scientific papers of the  33. Romanenko, O. L., Konova, S. R., Solodushko, M.
Breeding and Genetic Institute of the National Center M., Baloshenko, S. V. (2015). Soil moisture availa-
for Seed Science and Variety Research], 2 (67). 36— bility and productivity of winter wheat plants of vari-
53. URL: http://nbuv.gov.ua/UJRN/Znpsgi_2016 ous ages in the southern steppe zone. Visnyk Tsentru
27_5 [in Ukrainianl. naukovoho zabezpechennia APV Kharkivskoi oblasti
30. Netis, I. (2016). Soil water regime on winter wheat [Bulletin of the Center for Scientific Support of APV
crops in the Southern Steppe conditions. Ahrobiznes of Kharkiv Region], 18. 87-95. [in Ukrainian].
sohodni [Agribusiness today], 11. URL: https://agro-  34. Kovalenko, A. M., Kovalenko, O. A. (2016). Features
business.com.ua [in Ukrainian]. of sowing winter wheat in dry autumn in the Southern
31. Dospekhov, B. A. (1985). Metodika polevogo opyta s Steppe under climate change conditions. Zroshuvane
osnovami statisticheskoy obrabotki rezultatov issle- zemlerobstvo [Irrigated agriculture], 6. 56-59 [in
dovaniy [Methodology of field experience with the Ukrainian].

VK 631:581.5:633.1

Conodywxo M. M., Conooywro B. II., I'acanoea 1. 1., 3asanuniy H. O. 3anacu eonoz2u ¢ cpynmi ma
DPO3GUMOK POCAUR NUeHUYi 03umoi npomazom OcinHboi eezemauii 6 30ni Ilieniunoco Cmeny
Ykpainu. 3epnosi kynomypu. 2024. 8 (2). 289-296.

epoicasna ycmanoea Incmumym seprosux kyiomyp HAAH, eyn. Beprnadcerkozo Borooumupa, 14, m. [ninpo, 49009, Ykpaina

AKTyaJibHiCTh. 3HAIOYN TEHMCHI(IT Ta 3aKOHOMIPHOCTI BILTMBY aTMOC(EPHUX SBUII, 30KpeMa TeMIIe-
paTypu TOBITps Ta KIBKOCTI omaniB, Ha (pOpMyBaHHS OKpPEMHX €JIEMEHTIB CTPYKTYpPH BpOKAO MIICHHUII
03MMOi, € BeJIMKa WMOBIPHICTh YHUKHYTH a00 X 3HAYHO MOM’ SIKIIMTH HEraTHUBHY Jil0 TOrO YW iHILIOTO IO-
rogHoro (akTopy, IO B OKpPEMHUX BUMAJKaX Bilirpae BHPIIAIBHY POJIb Y 3a0e3MeUeHH] MOSBU JIPYKHUX
CXOJliB, PO3BUTKY POCIIMH BOCEHH Ta iX CTaHy Iepel 3uMiBier0. MeTa NpoBeAEHUX NOCIIKEHb NOJsraia y
BU3HAYEHHI BIUIMBY IOTOJHMX YMOB OCIHHBOIO IeEpiofy Ha BOJIOro3a0e3neueHHs IPYHTY Ta CTaH POCIHH
TMIIEHHUI 03UMOI Mepe]] 3UMIBIICIO, SIKa BUPOILILY€EThCS Micisl COHsIIHUKA B 30H1 [liBHiuHOTO Creny Ykpainu.
Marepiaau i MmeToqu. BupueHHs Ta aHaIi3 MpoOIeMHUX MATaHb TPOBOMIIHCS BIIpoAoBxk 2019-2024 pp. Ha
CuHENBHUKIBCHKIN CeNeKLiMHO-IO0CHiIHIN cTaHUil B CiBO3MiHI J1abopaTopii arpobionoriyaux pecypcis o3u-
MuX 3epHOBHX KynbTyp Y IHctuTyT 3epHOBUX KyabTyp HAAH. TexHomoris BUpOLyBaHHS MILIEHHUII O3U-
Moi — 3arajgbHONpUiHATA A7 HiBHIYHOI yacTuHK Creny Ykpainu. BinOip 3pa3kiB rpyHTY Ta pOCIMH HPOBO-
JTUBCS 3THO 3 ICHYIOUMMH pekoMmeHpamismMu. Pe3yasTaTn. [lorogni ymMoBu BIpPOIOBXK OCIHHBOI BereTartii
3HAYHOI0 MipOI0 OOYMOBITIOBAJIM CTaH MOCIBIB MIIEHUII 03UMOI Ha MOYaTKy 3UMOBOTO mepiony. [IpoTsarom
2019-2024 pp. 3a BepeceHb — JUCTONAJ CEPEIHI 3HAUYSHHS TEMIIEPATYPH MOBITPSI Ta KUTHKOCTI OMAaJIiB CKJa-
mu BignmoBigao 10,8 °C ta 114,6 mwm, mo BusBmiocs Ha 1,6 °C Buiie Ta Ha 2,4 MM MEHIIIe CepeHbOi Oara-
TopiuHOi HOpMH. [linBHIIEHNI TeMIepaTypHUI PEXUM Ta TPUBaJa BiICYTHICTH ONaAiB NPU3BOIMIN Maibke
LIOPOKY A0 KPUTHYHOTO 3HM)KEHHS 3aIlaciB MPOAYKTHBHOI BOJIOTH B TPYHTI Ha 4ac CiBOM MIIEHHUI 03UMOI,
K1 B cepeiHboMY ckiaianu y mapi rpyHty 0—10 cm mume 2 mm, 0-20 cm — 4 mm, 0-50 cm — 10 mm, 0-100 cm —
17 MM, 1m0 3aranom craHoBuio 21-25 % cepenHix OaraTopiyHMX 3HA4YeHb. BIPOJOBK OCIHHBOTO TEPiOay
aTMocdepHi onanu He 3a0e3nedyBain MOTpeOr POCIUH Yy BOJIO31, CepeHsl KIIBKICTh SIKO1 Ha Yac MPUITUHEH-
Hs 1X OCIHHBOI Bererauii B OpHOMY Ta METPOBOMY MIapax IPYHTY CKiIajaia BiIHOBigHO Jmme 16 MM i 45 M,
a6o 50 Ta 44 % cepennboi OaraTtopiuHOi HOpMH. B pe3yipTaTi 1bOro 6ioMeTpUYHI MapaMeTpH POCIIMH IIe-
HUII 03UMOI Iepe/1 3UMIBJICIO B OUTBIIIOCTI POKiB HE BiAMOBIIAN ONTUMAaIbHUM 3HAUYEHHSM, sIKi O Hacamire-
pen 3a0e3mnedyBaiy ii BECOKY MOPO3OCTIHKICTh — POCIMHU MajH BHUCOTY 13—15 cM, HajiuyBanu B cepeaHb-
omy 1,1-1,4 maronu ta 1,8-2,7 By3moBux KopiHii. BucHoBkH. BcraHoBIIEHO, 110 BOJIOTr03a0e3ME4YEHICTh
TPYHTY NPOTSTOM OCIHHBOTO IEpioAy B OUIBIIOCTI POKIB HE 3aJ0BOJIbHsIIA MOTPEOM y BOJIO31 POCIIMH MIIe-
HUIIl 03UMOi, AKi B Pe3yJIbTaTi HHOr0 PO3MOYMHAIM 3UMIBIIO Y BiIHOCHO ciabkoMy Mopdodizionoriunomy
crani. [lporte, miaBuIeHa Temneparypa NOBITPS BIPOJOBXK KaJIEHAAPHOI 3UMH JI03BOJIMIIA O3UMHUHI ONTH-
MaJIbHUX CTPOKIB CiBOM yCHIIIHO, MPaKTHYHO O€3 BTpaT, 3aBEPLIMTH 3UMOBHI NIEPiOI.

Knrouosi cnoea: nuwienuys o3uma, no2o0Hi yMoei, 3anacu 6011021 @ 2PYHMI, OCIHHSL 6ecemayis, CMaH pociuH
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