Received 06.01.2026 Revised 03.04.2026 Accepted 23.04.2026 Published: 30‘04.2029

Scientific Reports of the National University
of Life and Environmental Sciences of Ukraine

o~
s
=9
o
NI
s
S

Journal homepage: https://scireports.com.ua/en e-ISSN 2223-1609

UDC633.11:631.559:551.5 DOI:10.31548/dopovidi/2.2026.105

Growing season duration and productivity of soft winter wheat
under different weather conditions

Valerii Prydatko

Postgraduate Student

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0009-0005-8997-9765

Hanna Kovalyshyna*

Doctor of Agricultural Sciences, Professor

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0002-2715-7679

Abstract. In the conditions of variability of weather factors in the Northern Forest-Steppe zone of
Ukraine, it is important to assess the impact of hydrothermal conditions on the development of winter
wheat productivity. The purpose of the study was to establish the influence of temperature and moisture
supply in certain periods of vegetation on the weight of 1,000 grains of winter wheat. The study was
conducted in the field during 2023-2025 using generally accepted methods for evaluating elements
of the crop structure. It was found that the weight of 1,000 grains varied significantly depending on
hydrothermal conditions during the grain filling period. In 2024, due to a lack of precipitation in April-
May and elevated temperatures in June-July (up to 30-35°C), there was a reduction in the duration of
the grain filling period, which led to the development of less full grain and a decrease in the weight
of 1,000 grains. But in 2025, with a more uniform distribution of precipitation in May-June (up to 47.9-
68.0 mm) and a moderate temperature regime, better water supply to plants was provided, which
contributed to an increase in the intensity of photosynthesis and the accumulation of dry matter in
the grain. As a result, the weight index of 1,000 grains increased from 46.8 to 47.4 g. It was revealed
that the critical period for the development of this indicator were phases earing - grain filling, during
which the combination of high temperatures and moisture deficiency limited plant productivity. A
close relationship has been established between weather conditions and the level of implementation
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of the productive potential of varieties. The practical significance of the results obtained lies in the
possibility of optimising the sowing time and selection of varieties considering their response to
hydrothermal conditions, and in adjusting the fertiliser and moisture supply system to reduce the
negative impact of dry periods on the development of grain weight. The results obtained can be used by
agronomists and breeders to increase the stability of winter wheat yield in the context of climate change

Keywords: hydrothermal regime; phenological phases of development; weight of 1,000 grains;
elements of ear productivity; correlations of traits; plant moisture supply

Introduction

Soft winter wheat (Triticum aestivum L.) is one of
the leading grain crops that ensures food secu-
rity in many countries of the world, in particular
in Ukraine, where it occupies a significant area in
the structure of crops (Lyfenko et al, 2021). The
implementation of its productive potential large-
ly depends on the growing conditions, among
which the temperature regime and moisture
supply during the growing season play a deci-
sive role. In the conditions of climate variability,
the assessment of the influence of hydrothermal
factors on the growth and development of the
winter wheat crop is particularly relevant. Recent
studies show that temperature fluctuations and
uneven precipitation distribution can significant-
ly change the duration of phenological phases
of plant development, which directly affects the
development of elements of the crop structure.
E.E. Rezaei et al. (2023) showed that an increase
in air temperature combined with a lack of mois-
ture can significantly reduce wheat yield even in
conditions of increased CO, concentrations in the
air, whereas R. Kopecka et al. (2023) highlighted
the role of physiological and biochemical mecha-
nisms of plant adaptation to abiotic stresses.

Critical for the development of productivity
are the phases of tubing, earing, and grain filling,
during which the main elements of yield are es-
tablished. Research by M.M. Hassona et al. (2024)
proved that sufficient water supply during these
periods contributes to an increase in the inten-
sity of photosynthesis, the accumulation of as-
similants, and the development of a fuller grain.
But the lack of moisture, combined with high

temperatures, limits the duration of the grain
filling period and reduces its weight. Recent ex-
perimental studies indicate a complex and am-
biguous nature of the influence of the tempera-
ture factor on the productivity of winter wheat.
In particular, X. Du et al. (2022) found that an in-
crease in temperature in the early spring period
accelerates the passage of the main phenologi-
cal phases of plant development. It can extend
the effective growth period due to changes in
the temperature regime in subsequent phases,
which has a positive effect on photosynthetic
activity and grain development.

Special attention in contemporary research
is paid to the influence of moisture deficiency
during grain filling on the development of its
morphometric and productive indicators. A. Zam-
ani et al. (2024) found that terminal water stress
leads to a decrease in the weight of 1,000 grains
by 14.6-24.6% and a significant deterioration in
the morphometric characteristics of the grain,
while a close positive relationship was found
between the grain weight and its linear dimen-
sions. An important feature of yield development
is the interaction of genotype and environmental
conditions. The response of winter wheat vari-
eties to hydrothermal conditions differs signifi-
cantly depending on their genetic characteristics,
which determines the level of their adaptability
to climate change. The research by T. Stella et
al. (2023) and A. Menzir et al. (2025) showed that
the selection of varieties with high adaptive po-
tential is one of the key elements of yield stabili-
sation in a changing environment. In this context,
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the assessment of varieties of different origins in
specific soil and climatic conditions has become
particularly important.

An important factor in the development of
productivity is the interaction of genotype and
environmental conditions. R. Mohammadi et
al. (2025) showed that environmental conditions
determine up to 94.2% of wheat yield variabil-
ity, while the contribution of genotype is much
smaller, and the interaction of genotype and
environment is formed under the influence of
temperature and precipitation. This indicates the
dominant role of hydrothermal factors in the de-
velopment of productivity and the need to con-
sider them when evaluating varieties. Climate
variability is one of the main factors determining
the level of variability in grain yields. The study
by B. Monteleone et al. (2023) showed that cli-
mate factors can explain a significant proportion
of yield fluctuations, especially in extreme weath-
er conditions. In turn, PAJ. Van Oort et al. (2023)
proved that droughts and excessive moisture are
the main causes of yield anomalies.

Thus, the development of the weight of
1,000 grains is the result of a complex interac-
tion of temperature, water supply, and genotypic
characteristics of the variety. Simultaneous-
ly, despite a significant number of studies, the
complex influence of hydrothermal conditions
on the duration of individual growing seasons
and the development of productivity elements
in specific agroclimatic conditions remains in-
sufficiently investigated. This is especially true
in the conditions of the Northern Forest-Steppe
of Ukraine, where the combination of elevated
temperatures in summer and uneven precipita-
tion distribution creates specific conditions for
the growth and development of winter wheat
plants. In this regard, it is relevant to investigate
the characteristics of the reaction of varieties of
different origins to hydrothermal conditions in
this zone. Thus, the purpose of the study was to
establish the influence of hydrothermal condi-
tions on the duration of vegetation periods and
the development of the weight of 1,000 grains
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in 8 varieties of soft winter wheat of various
origins in the conditions of the Northern For-
est-Steppe of Ukraine during 2023-2025.

Materials and Methods

The study was conducted during the 2023-2024
and 2024-2025 growing years in the field condi-
tions of the Northern Forest-Steppe of Ukraine
(Chernihiv Oblast, Pryluky Raion). The object of
the study was 8 varieties of soft winter wheat
of various origins: ‘MIP Vyshyvanka’, ‘Vezha My-
ronivska, ‘MIP Valensiya’ (V.M. Remeslo Myronivka
Institute of Wheat, Ukraine), ‘Nosivochka’ (Nosiv-
ka breeding and experimental station, Ukraine),
‘Emerik’ (KWS, Germany), ‘Meskal’ (Limagrain,
France),Julia’ (Selgen, Czech Republic),and ‘Tobak’
(Saaten Union, Germany).

Field experiments were conducted on pro-
duction crops in compliance with the generally
accepted technology for growing winter wheat
for this zone. Placement of varieties was carried
out on the principle of continuous plots, while
each variety was grown on a separate account-
ing plot of 1 ha. The predecessors were in 2024 -
sunflower, in 2025 - soybean. The upper arable
soil horizon was characterised by an average de-
gree of humus content - approximately 4.6%. The
availability of mobile forms of phosphorus deter-
mined by the Machigin method was in the range
of 3.3-3.4 mg per 100 g of soil, while the concen-
tration of exchange potassium was 9.8-10.3 mg
per 100 g of soil (Zubko & lvaniuk, 2023).

Sowing was carried out at the optimal time
for the zone in late September (29.09.2024) - ear-
ly October (01.10.2023), depending on the weath-
er conditions of the year. Phenological observa-
tions were carried out during the entire growing
season with the fixation of the main phases of
plant development: germination, tillering, tubing,
earing, and ripening. The duration of interphase
periods was determined by the calendar dates of
the onset of the corresponding phases. To char-
acterise the hydrothermal conditions, data from
the Meteoblue meteorological service (n.d.) were
used, which were verified by comparing them with
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open-access data from regional weather stations.
The average daily air temperature, the amount of
precipitation, and their distribution over decades
and months of the growing season were analysed.

The condition of crops after overwintering
was assessed during the recovery phase of spring
vegetation on a visual scale, considering the uni-
formity of seedlings, the degree of damage to
plants, and their viability. Elements of the crop
structure were evaluated on a sample of plants
selected by random (randomised) sampling from
each accounting site during the full ripeness
phase. At least 25 typical plants of each variety
were selected for analysis. The length of the ear,
the number of spikelets in the ear, the number
of grains in the ear, and the weight of grain from
one ear were determined. The weight of 1,000
grains was determined according to the generally
accepted method by weighing a pre-selected and
purified grain sample with conversion to standard
humidity.

Statistical processing of the obtained data
was carried out using descriptive statistics. The
average value (M) was determined for each in-
dicator. Correlation analysis with calculation of
the Pearson correlation coefficient (r) was used
to evaluate the relationships between indicators.
Calculations were performed using Microsoft Ex-
cel software suite. The difference between the in-
dicators was interpreted as significant at p<0.05.
The study was conducted in compliance with
ethical principles defined by international docu-
ments, in particular the Convention on Biological
Diversity (1992). In the course of the study, the
requirement to preserve biodiversity and prevent
negative impact on the studied species was con-
sidered.

Results and Discussion
During the growing season, winter wheat plants
go through successive phases of development
associated with the development and differen-
tiation of organs. According to generalised data,
the growing season is conventionally divided into
two main stages: from germination to earing, and

from earing to full ripening. Simultaneously, the
main role in the development of future productiv-
ity is played by the period of germination - earing,
during which most stages of plant organogenesis
are implemented, which determines the potential
for crop development, as indicated by B.V. Bly-
zniuk et al. (2019). The passage of these phases
and the intensity of growth processes are largely
determined by environmental conditions and the
level of supply of plants with the main factors of
life. According to T.Adamenko (2017), the variabil-
ity of weather conditions during the growing year
has a significant impact on the growth and devel-
opment of winter wheat plants, which depends
on the frequency and amount of precipitation and
air temperature indicators. Plants develop best
with optimal provision of the necessary factors
during the period of growth and development.
Monitoring of crops during the growing sea-
son of soft winter wheat plants in 2023-2024 in
the Northern Forest-Steppe zone of Ukraine indi-
cated a significant influence of weather conditions
on the duration of their growth and development
periods. In terms of hydrothermal parameters, the
study years were contrasting in both autumn and
spring (Fig. 1, 2). Accordingly, this affected both
the timing of sowing and germination, and the
quality of the resulting grain. Analysis of air tem-
perature indicators in the autumn period of 2023
(Fig. 1) indicates that before sowing in Septem-
ber, the average ten-day temperatures fluctuat-
ed in the range of 24.0-25.0°C, and precipitation
was observed in the first and second ten-day pe-
riods - 2.0 and 5.0 mm. Sowing was carried out
on October 1, and shoots appeared on October
16. Temperatures in October by decade were:
16.7°C, 14.0°C, 14.2°C, and ten-day precipitation
was as follows: 4.0 mm, 24.0 mm, and 32.0 mm.
Such hydrothermal conditions contributed to the
appearance of friendly shoots and their further
development. In November, there was a decrease
in air temperature, and the amount of precipita-
tion for the month exceeded 89 mm. The winter
period was characterised by unstable weather,
periodic thaws were noted. In March 2024, the
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average ten-day temperature was 5.6°C, 6.7°C,
and 11.8°C, respectively, precipitation was ob-
served in the second and third ten day periods of
the month - 12.2 and 14.5 mm. A small amount
of precipitation in April and May caused a lack of
moisture during the period of plant tubing and
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earing. In June and July 2024, air temperatures
were high - 20-35°C, precipitation was record-
ed in June. The lack of precipitation and high
air temperatures in July led to rapid ripening of
grain. The developed grain had a small size and
low grain weight indicators.
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Figure 1. Hydrothermal indicators of the growing season of winter wheat, 2023/2024
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Figure 2. Hydrothermal indicators of the growing season of winter wheat, 2024/2025

Source: developed by the authors based on own research

Pre-sowing period 2024 (Fig. 2) in all three
ten-day periods of September, the month was
characterised by increased air temperature indi-
cators - 28.4°C, 26.5°C, 25.4°C, respectively, and
a slight amount of precipitation (1.8 mm) only in
the second ten days of the month. Sowing was
carried out on September 28, and seedlings were

received on October 10.The appearance of shoots
was promoted by a sufficient amount of moisture
(up to 50 mm) and warm weather, especially in the
first ten days of October (21.2°C). Weather condi-
tions in winter contributed to the normal overwin-
tering of winter wheat plants. In the spring period
of 2025 (March-April), air temperatures ranged
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from 9.7°Cto 20.6°C, but precipitation was insig-
nificant. The month of May was characterised by
increased air temperatures, and over 68 mm of
precipitation fell during the month, especially in
the third ten-day period (33.4 mm). In June-July,
high air temperatures were recorded, especially in
July (up to 30.6°C) and sufficient precipitation. In
June, 47.9 mm fell during the month, which con-
tributed to good filling and grain development.
According to data from the Myronivka Insti-
tute of Wheat named after V.M. Remeslo of NAAS
of Ukraine (2025), during 2020-2025 in the For-
est-Steppe zone of Ukraine, the end of the autumn
vegetation of winter crops mainly occurs in No-
vember, as evidenced by the shift of the seasonal
boundaries of the growing season and leads to a
later termination of the autumn vegetation. The
results obtained regarding the duration of the
“sowing - germination” period and the features
of the autumn growing season are consistent
with the data of other studies. In particular, it was

found that the emergence of seedlings is signifi-
cantly affected not only by the moisture supply of
the soil, but also by the sum of effective temper-
atures and sowing times, which was confirmed in
M studies by M. Korkhova (2019). At a later time of
sowing, the temperature regime played a decisive
role, which can limit the duration of the autumn
vegetation of plants.

Summarising the phenophases of ontogene-
sis of the studied winter wheat varieties by years
of research, calendar dates were determined in
the process of plant growth and development of
grain (Table 1). Setting the time frame for passing
the main phases of ontogenesis allows assessing
the response of plants to hydrothermal condi-
tions of the year and identify critical periods of
development that are sensitive to stress factors.
In addition, comparing the duration of interphase
periods allowed assessing the adaptability of va-
rieties and the features of crop development de-
pending on weather conditions.

Table 1. Phenological observations of plant development, 2023-2025

Phases of plant development 2023-2024 2024-2025
sowing October 1, 2023 September 29, 2024
germination October 16 October 10

end of the autumn growing season (EAGS)

December 1-3

December 25-28

time of resumption of spring growth (TRSG)

March 5-10, 2024

March 14-15, 2025

tillering March 25-30 March 21-25
tubing April 15-20 April 15-20
earing May 6-9 April 27-30
flowering May 18-23 May 6-11
milk ripeness June 22-27 June 18-22
waxy ripeness July 5-6 July 2-4
full ripeness July 10-11 July 12-14
harvest July 12 July 22

Source: developed by the authors based on own research

The table data indicate a certain shift in
the timing of individual phases of plant devel-
opment between the years of research, in par-
ticular, the earlier beginning of the spring veg-
etation and the earing and flowering phases in
2024-2025.The late end of the autumn growing
season in the second year indicates the influ-
ence of warmer weather conditions in the winter

period. In general, the variation in the calendar
dates of the ontogenesis phases reflects the de-
pendence of the rate of plant development on
the hydrothermal regime of the year. Analysis
of the duration of interphase periods of devel-
opment of soft winter wheat varieties showed a
significant variability in their passage depending
on the conditions of the growing season. It was
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found that in 2024-2025, compared to 2023-
2024, there was a reduction in the “sowing -
germination” period by 3-5 days, which is due
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to more favourable temperature conditions and
sufficient moisture supply in the post-sowing
period (Table 2).

Table 2. Duration of interphase periods of development of soft winter wheat varieties depending
on the growing conditions of 2023-2025

1 =2} = (=] = n 4 (I’J ) =4
£ 5 8| £ |5 £ .o Eg 8 88 8, S8
25 59 & 2 2| § |2f 58 58 55 2% 8=
Variety $E Q| o = o > £Eg8 g5 82 2888 ©og
oE| Eu | o L) £ £ 53| &8 <> STt |8 g
3|5 < 2 ] 2 | 3T XX | X3 | = s 0
2le | M1 F | B |2 @ EZ|EF ¢ <°
‘Nosivochka' | 14/10 | 47/77 | 95/79 | 20/7 |21/25|21/12| 12/9 |35/43|13/14| 5/10 | 2/10 | 190/217
‘MIP
Vyshyvanka’ 15/11|47/77|97/79 | 20/9 |21/25|20/11|12/11|34/42|13/12| 4/10 | 2/9 |188/217
Vez.ha , | 15/11 | 48/78|97/78 | 20/9 | 20/26|20/11 |13/10|33/42|13/13 | 4/10 | 2/8 |188/218
Myronivska
‘MIP
Valensiya’ 14/10|48/78|95/78 | 21/9 |21/25|20/11|12/10|34/43|13/13 | 5/10 | 2/9 |190/218
‘Emerik’ 15/11|47/77|95/78 | 20/8 |21/26 |21/11|12/11|35/42|13/13 | 4/10 | 2/9 |190/218
‘Meskal’ 15/11 |48/79|97/77 | 21/10|20/26 | 19/10 | 13/11 | 33/41 | 13/13 | 4/10 | 2/8 | 188/219
‘Julia’ 15/10|46/77|95/79 | 21/8 |21/26 |20/10|12/11|35/43 |13/13| 5/9 | 2/10 | 190/217
‘Tobak’ 15/11|48/79|98/77|20/10 | 21/26 | 19/10 | 14/11 | 31/42|13/12 | 4/10 | 2/8 |187/219

Note: the numerator contains data for the growing season 2023-2024, and the denominator contains data

for 2024-2025

Source: developed by the authors based on own research

According to the results obtained, the great-
est differences between years were noted for the
periods ‘germination - EAGS” and “EAGS - TRSG”.
In particular, in 2024-2025, the duration of the
autumn growing season increased by an average
of 30-32 days, while the duration of the winter
period decreased by 15-20 days, which indicates
the influence of an increased temperature back-
ground in the autumn-winter period. In the spring
and summer period, there were also differences in
the duration of individual phases of development.
In particular, in 2024-2025, the period of “tub-
ing-earing” was reduced to 10-12 days, compared
to 19-21 days in the previous year, which indicates
an acceleration of plant development under the
influence of elevated temperatures. Simultane-
ously, the period of “flowering - milk ripeness”
was longer in 2024-2025 (41-43 days), which
created favourable conditions for grain filling.

The total duration of active vegetation in
2024-2025 was longer and amounted to 217-219

days, while in 2023-2024 it ranged from 187-190
days.The greatest duration of the growing season
was characterised by the varieties ‘Meskal’ and
“Tobak’, which indicates their relatively late-ma-
turing type of development, while a shorter peri-
od was observed in the variety ‘Vezha Myronivska’
The dependence of the duration of the autumn
vegetation on the hydrothermal regime was not-
ed: in 2023/2024, the duration of the autumn
vegetation was 48 days, and in 2024/2025 - 78.5
days (Table 3). The state of winter wheat crops
after overwintering was determined by the du-
ration of the winter dormancy period and the
timing of the resumption of spring vegetation.
The lengthening of the dormant period of plants
affected the intensity of their further growth, de-
velopment, and productivity. Later, the resump-
tion of spring vegetation in 2024/2025 indicated
a longer period of winter dormancy, which could
lead to a certain suppression of the physiologi-
cal state of plants and delay the initial stages of
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spring development. Simultaneously, the early re-
sumption of vegetation in 2023/2024 contribut-
ed to a more active start of growth processes, but
in the conditions of further moisture deficiency,
it did not ensure the full implementation of the

productive potential of plants. Thus, the combi-
nation of the duration of the winter period and
the conditions of the spring-summer vegetation
determined the further growth and development
of winter wheat yield.

Table 3. Duration of growing seasons of winter wheat varieties depending
on the hydrothermal conditions of the studied years in the zone of Northern Ukraine

Development phases ‘ Calendar dates ‘ Duration, days
2023/2024
sowing-germination 01.10-16.10 16
germination-EAGS 16.10-01-03.12 48
EAGS-TRSG 01-03.12-05-10.03 97.5
TRSG-earing 05-10.03-06-09.05 62
earing-full ripeness 06-09.05-10-11.07 65
2024/2025
sowing-germination 28.09-10.10 12
germination-EAGS 10.10-25-28.12 78.5
EAGS-TRSG 25-28.12-14-15.03 79
TRSG-earing 14-15.03-27-30.04 46
earing-full ripeness 27-30.04-12-14.07 76.5

Source: developed by the authors based on own research

The duration of the period of restoration of
spring vegetation to earing in the years under
study significantly differed and amounted to 62
days in 2023/2024, while in 2024/2025 - only
46 days (Table 3). The reduction of this period in
2024/2025 indicates an acceleration in the rate
of plant development, which was conditioned by
the increased temperature background in the ear-
ly spring period. Simultaneously, a longer period
in 2023/2024 contributed to the gradual passage
of development phases, which could positively af-
fect the development of generative organs. Thus,
the duration of the period of “TRSG - earing” is
an important indicator of the response of plants
to hydrothermal conditions of the year and de-
termines the features of the development of win-
ter wheat productivity. Starting from the second
ten days of May and in the summer, the period of

earing - full ripeness of winter wheat began. It is
at this time that dry and hot weather, lack of mois-
ture in the soil was noted, which led to a violation
of the processes of development of generative
organs. A large number of sterile and underdevel-
oped flowers were laid in the ear, the grain was
weak, which leads to a shortage of crops.
Overwintering of winter wheat plants was es-
timated after the resumption of spring vegetation,
which in 2023/2024 occurred in early March, while
in 2024/2025 - in mid-March. It was found that
higher overwintering rates in 2025 were statisti-
cally significant for individual varieties, in particu-
lar ‘Nossvochka, ‘MIP Vyshyvanka, and ‘Vezha My-
ronivska’ which indicates their increased resistance
to overwintering conditions. This indicates geneti-
cally determined differences in the ability of vari-
eties to maintain plant viability in winter (Table 4).

Table 4. Grain yield of winter wheat varieties depending on TRSG, 2024-2025

X Overwintering, % TRSG Yield, t/ha
Variety Average Average
2024 2025 2024 2025 2024 2025
‘Nosivochka’ 95 95 95.0 05.03 14.03 3.86 5.64 4.75
‘MIP Vyshyvanka' 90 95 92.5 08.03 15.03 3.87 5.36 4.62
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Table 4. Continued

X Overwintering, % TRSG Yield, t/ha
Variety Average Average
2024 2025 2024 2025 2024 2025

‘Vezha Myronivska’ 90 95 92.5 09.03 15.03 3.94 6.24 5.09
‘MIP Valensiya’ 90 90 90.0 06.03 14.03 5.56 7.13 6.35
‘Emerik’ 85 90 87.5 06.03 14.03 4.67 6.94 5.81
‘Meskal’ 85 85 85.0 09.03 15.03 5.07 7.24 6.16
‘Julia’ 90 90 90.0 05.03 14.03 4.59 7.31 5.95
‘Tobak’ 85 90 87.5 10.03 15.03 5.28 7.68 6.48
Average 88.75 91.25 90.0 - - 4.61 6.69 5.65

Note: values that differ significantly from the mean at the 5% significance level are highlighted in bold
Source: developed by the authors based on own research

The results showed that the later resumption
of spring vegetation in 2025 was associated with
a longer winter dormancy period, which contrib-
uted to better plant preservation and reduced
the level of their physiological depletion. This
ensured a more uniform restoration of growth
processes in the spring and the development of
a productive stem. Yield analysis showed that
in 2025 there was a significant increase in yield
compared to 2024, and for individual varieties
(‘MIP Valensiya, ‘Tobak’), these differences were
statistically significant. This showed that the
combination of more favourable overwintering
conditions and optimal recovery time for spring
vegetation created prerequisites for effective
productivity development. Even with a high lev-
el of overwintering, the yield level was also de-
termined by further hydrothermal conditions of
the spring-summer vegetation period. Thus, the
level of overwintering of plants and the time of

restoration of spring vegetation are interrelated
factors that determine the start of spring devel-
opment and the further implementation of the
productive potential of winter wheat varieties.
Yield is a complex quantitative feature that
is formed under the influence of a set of produc-
tivity elements, in particular the length of the ear,
the number of spikelets and grains in the ear, the
weight of grain from the ear, and the weight of
1,000 grains. The results showed that the mani-
festation of these traits is largely determined by
both varietal characteristics and hydrothermal
conditions of years of research. It was found that
higher indicators of ear length, which were sta-
tistically significant relative to the average value,
were formed in the varieties ‘Meskal, ‘Emerik’ and
Julia’ in 2024, and in the varieties ‘Julia’ ‘Mescal,
and ‘Vezha Myronivska’ in 2025, which indicates
their genetically determined potential for the de-
velopment of a more developed ear (Table 5).

Table 5. Elements of productivity of an ear of soft winter wheat, depending on the variety, 2024-2025

Number Number Grain weight Weight
Varieties Ear length, cm | of spikelets per | of grains per 9 of 1,000
- . per ear, g .
ear, units/ear ear, units grains, g
2024

‘Nosivochka’ 7.2 17.7 40.3 1.97 48.9
‘MIP Vyshyvanka’ 8.0 18.3 42.6 2.20 50.5
‘Vezha Myronivska’ 8.6 17.8 43.3 2.01 46.5
‘MIP Valensiya’ 7.7 17.7 43.6 2.08 47.7
‘Emerik’ 9.3 19.7 47.0 2.06 43.8
‘Meskal’ 9.5 19.7 51.0 2.35 46.1
‘Julia’ 9.2 20.3 48.3 2.25 46.6

Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2026. Vol. 22, No. 2

13



14

Growing season duration and productivity of soft winter wheat...

Table 5. Continued

o N'umber Nun:!ber Grain weight Weight
Varieties Ear length, cm | of spikelets per | of grains per of 1,000
ear, units/ear ear, units perear, g grains, g
2024
‘Tobak’ 7.2 17.7 41.3 1.83 44.4
Average 8.3 18.6 447 2.09 46.8
2025
‘Nosivochka’ 8.3 19.7 42.3 214 50.6
‘MIP Vyshyvanka' 9.7 21.0 52.0 2.67 51.7
‘Vezha Myronivska’ 10.3 20.3 49.7 2.34 47.1
‘MIP Valensiya’ 9.3 18.3 55.0 2.68 48.8
‘Emerik’ 9.7 21.0 47.7 212 44.6
‘Meskal’ 10.7 22.3 52.7 2.51 47.7
‘Julia’ 10.8 21.0 54.0 2.62 48.5
‘Tobak’ 8.3 18.3 42.7 1.93 453
Average 9.6 20.2 49.5 2.37 48.0
Average for two years 8.95 19.4 471 2.23 47.4

Note: values that differ significantly from the mean at the 5% significance level are highlighted in bold
Source: developed by the authors based on own research

Simultaneously, the increase in ear length was
conditioned by an increase in the number of spike-
lets and grains in the ear, which is confirmed by
the presence of statistically significant values of
these indicators in the varieties ‘Meskal’ and ‘Julia’
This indicates a more intensive development of
generative organs and a higher potential for grain
productivity of these varieties. However, it was
found that an increase in the number of grains in
the ear was not always confirmed by an increase
in their weight, which indicates the manifestation
of compensatory processes between the elements
of productivity. In particular, in 2024, statistically
significant higher mass indicators of 1,000 grains
were observed in the varieties ‘Nosivochka’ and
‘MIP Vyshyvanka’, which indicates the development
of a more complete grain with a smaller number of
grains in the ear. A similar trend continued in 2025,
where these varieties were also characterised by
high values of this indicator. Simultaneously, vari-
eties with high grain counts (‘Meskal, Julia’) had
a lower weight of 1,000 grains, which confirms
the presence of feedback between these ftraits.

One of the main phases of winter wheat de-
velopment is the period of development of the
number of spikelets in the ear, which significantly

affects the future productivity of plants. Laying of
spikelets occurs at the IV stage of organogene-
sis, which falls at the end of the tillering phase
and the beginning of the tubing. The number of
developed spikelets is a genetically determined
trait and varies depending on the variety, which
determines its potential for yield. In addition, a
statistically significant increase in grain weight
from the ear in 2025 was observed in the varieties
‘MIP Vyshyvanka’, ‘MIP Valensiya’ and ‘Julia’, which
indicates a more effective use of assimilants dur-
ing grain filling under favourable weather condi-
tions. Thus, the development of elements of ear
productivity is the result of a complex interaction
of varietal characteristics and growing conditions,
while the most productive varieties were those
that achieved an optimal balance between the
number of grains and their weight.

A close positive relationship was established
between the length of the ear and the number
of spikelets in the ear (r=0.87), and between the
length of the ear and the number of grains in the
ear (R=0.86) (Table 6).This confirms that the linear
size of the ear increases with increasing spike size.
The number of grainsinthe earhasadirectrelation-
ship with the weight of grain from the ear (r=0.86).
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Table 6. Interdependence of elements of the ear productivity structure

Elements Of. t.he N‘umber Nun:iber Grain weight | Weight of 1,000
ear productivity Ear length, cm | of spikelets per | of grains per L
. . per ear, g grains, g
structure ear, units/ear ear, units
Ear length, cm 1.00
Number of splkelets 0.87 100
per ear, units/ear
Number of grains 0.86 0.67 1.00
per ear, units
Grain weight 0.63 0.52 0.86 1.00
per ear, g
Weight ) )
of 1,000 grains, g 0.20 0.09 0.00 0.51 1.00

Note: values that differ significantly from the average for 5% of the significance level are highlighted in bold

Source: developed by the authors based on own research

The weight of grain from the ear also has a
moderate positive relationship with the length of
the ear and the number of spikelets, which con-
firms the complex nature of the development of
this indicator. Simultaneously, the weight of 1,000
grains has an inverse weak relationship with the
length of the ear (r=-0.20) and the number of
spikelets (r=-0.09), and no interdependence was
observed with the number of grains in the ear
during the study years (r=0.00). Instead, a mod-
erate positive relationship was established be-
tween the weight of 1,000 grains and the weight
of 1 grain from the ear (r=0.51). The obtained
results showed that the development of produc-
tivity of soft winter wheat in the conditions of the
Northern Forest-Steppe of Ukraine is determined
by the complex interaction of hydrothermal con-
ditions and genotypic features of varieties. The
established differences between the years of re-
search confirmed the determining role of weather
factors in the implementation of the productive
potential of culture, which is consistent with the
conclusions of L. Qiao et al. (2022), which estimat-
ed the impact of weather conditions on the de-
velopment of grain yields at the level of 32-39%.

Of particular importance in the development
of productivity is the period of overwintering and
restoration of spring vegetation. In the present-
ed study, higher indicators of overwintering and
yield were noted in 2025, which is associated with
more favourable conditions for the winter period

and a later restoration of plant vegetation. This is
partially consistent with data by B.V. Blyzniuk et
al. (2019), who noted that excessive lengthen-
ing of the winter dormancy period can lead to a
decrease in plant viability. Simultaneously, the
results confirmed that in the absence of extreme
stresses, a longer winter period can contribute to
better plant preservation and a more uniform res-
toration of spring growth. An important element
of the yield structure is the number of spikelets in
the ear, which determines the potential for grain
development. As noted by V.V. Bazalii et al. (2024),
to achieve a high level of yield, it is necessary to
form 21-23 spikelets per ear. In the current study,
the maximum values of this indicator were close
to the specified level in a more favourable weather
conditions in 2025, which indicates a significant
impact of hydrothermal conditions during the
period tillering - tubing on the development of
generative organs. The results also confirmed that
the weight of 1,000 grains is a sensitive indicator
of growing conditions, especially during the grain
filling period. Similar patterns were established by
N.Zamlila et al. (2025), which showed that the vari-
ability of this indicator is largely determined by the
conditions of the year and their interaction with
the genotype. In the current study, higher weight
values of 1,000 grains in 2025 were conditioned
by more uniform moisture and moderate tempera-
tures, while in 2024, lack of moisture and high tem-
peratures led to the development of weak grains.
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The results obtained are consistent with the
data by V. Havryliuk & H.M. Kovalyshyna (2024),
who also established a significant variability of el-
ements of the structure of the crop of soft winter
wheat depending on the genotype, environmen-
tal conditions, and their interaction. Their study
confirmed statistically significant differences be-
tween varieties in terms of ear length, number
of spikelets, grain weight per ear, and weight of
1,000 grains, which helped to identify genotypes
with high stability of these traits. Similar pat-
terns were found in the current study, where the
level of manifestation of productivity elements
varied significantly depending on the weather
conditions of the year. This confirmed that the
structural yield indicators are not only genotypic
predestination, but also largely determined by hy-
drothermal growing conditions, which should be
considered when selecting adaptive varieties for
specific soil and climatic zones.

The obtained patterns are consistent with
the results of L. Prysiazhniuk et al. (2022), who
proved that the conditions of the growing area
are one of the key factors of variability in grain
yield and quality. This confirms that the effec-
tiveness of implementing the potential of vari-
eties largely depends on the compliance of their
biological characteristics with specific soil and
climatic conditions. In the context of current
climate change, the results obtained are par-
ticularly relevant. According to A.M. Polyovyi et
al. (2022), in the Forest-Steppe zone of Ukraine,
there is a tendency to increase air temperature
and decrease precipitation, which increases the
risk of arid phenomena. M. Shtakal et al. (2022)
noted that contemporary varieties are capable of
generating a high level of productivity, but their
stability depends on the weather conditions of
the year. Thus, the results of the study confirm
that the development of productivity of soft win-
ter wheat is determined by the interaction of
genotype and hydrothermal conditions, while the
main periods are the development of generative
organs and grain filling. The obtained data em-
phasise the need to select adaptive varieties and

optimise technological elements of cultivation
based on climate risks.

Conclusions

The study examined the influence of hydrother-
mal conditions on the duration of interphase
periods of soft winter wheat development and
the development of its productivity. It was found
that the duration of ontogenesis phases signifi-
cantly depends on weather conditions. In par-
ticular, in 2024/2025, compared to 2023/2024,
the “sowing - germination” period was shorter
by 3-5 days, the autumn vegetation lasted longer
by 30-32 days, the winter rest time decreased by
15-20 days, and the ‘“restoration of spring vege-
tation - earing” period was reduced from 62 to
46 days. This showed that a higher temperature
background in autumn and spring accelerated the
passage of plant development phases. The study
found that with uniform moisture in May-June
and moderate temperature conditions in 2025,
plants formed a longer and more productive pe-
riod of grain filling. Under these conditions, the
average yield of varieties was 6.69 t/ha, which
was 2.08 t/ha higher than in 2024, the average
values of the ear length, the number of spikelets
and grains in the ear, the weight of grain from
the ear, and the weight of 1,000 grains were also
higher. Critical for the development of the weight
of 1,000 grains and overall productivity was the
‘earing - filling period of grain”: lack of moisture
and high temperatures at this time reduced the
fullness of grain, while sufficient water supply
contributed to its better filling.

The average weight of 1,000 grains for two
years was 47.4 g, and the highest indicators of
this feature were formed by the variety ‘MIP Vy-
shyvanka’, which indicates its ability to provide
better grain fulfilment under different growing
conditions. Correlation analysis showed a close
positive relationship between the length of
the ear and the number of spikelets (r = 0.87),
the length of the ear and the number of grains
(r=0.86), and between the number of grains in
the ear and the weight of one grain from the ear
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(r=0.86). This confirms that the increase in the
ear’s linear dimensions was due to an increase
in its grain density and grain weight. According
to the aggregate indicators of productivity and
yield, the varieties ‘Tobak’, ‘MIP Valensiya’ and
‘Meskal’ performed best, which formed the high-
est average yield over the years of research -
6.48, 6.35 and 6.16 t/ha, respectively. The vari-
ety ‘MIP Vyshyvanka’ was distinguished by the

Prydatko & Kovalyshyna

research is a comprehensive assessment of the
interaction of genotype and hydrothermal condi-
tions in long-term experiments. This is necessary
to clarify the regularities of the development of
winter wheat productivity in conditions of cli-
mate variability. It is expected that the results
obtained will contribute to the identification of
adaptive genotypes and optimisation of techno-
logical measures of cultivation.

highest weight indicators of 1,000 grains, and
the varieties ‘Meskal’ and ‘Julia’ - by the highest
indicators of grain density content. This gives
grounds to recommend ‘Tobak), ‘MIP Valensiya’
and ‘Meskal’ as promising for growing in the
conditions of the Northern Forest-Steppe of
Ukraine, and the ‘MIP Vyshyvanka’ variety - as a
valuable source material for selecting forms with
high grain content. A promising area of further
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AHoTauif. B ymoBax MiHAMBOCTI norogHux hakTopis y 30Hi NiBHiYHOro Jlicocteny YkpaiHu akTyanbHUM
€ OLHIOBAHHS BMNAMBY riApOTEPMIYHMX YMOB Ha (POPMYBAHHS MPOAYKTUBHOCTI MWEHMLI 03MMoi. MeToto
LOCNipKeHHs Byno BCTaHOBWUTU BMAMB TEMMEPATYPHOrO PeXMMY Ta BONOro3abesneyeHHs B OKpeMi
nepioan Beretauii Ha ¢opmyBaHHs Macu 1000 3epeH nweHuui o3umoi. JocnigkeHHs npoBefeHO
B NonboBux ymoBax ynpomomx 2023-2025 pp. i3 BMKOPWUCTAHHAM 3arasbHOMPUAHATUX METOAMK
OLLiHIOBAHHS eNeMEeHTIB CTPYKTYpu Bpoxat. BctaHoBneHo, wo maca 1000 3epeH icToTHO BapitoBana
3a1eXHO Bif, rigpoTepMiYHMX YMOB Yy nepiofd Hanuey 3epHa.Y 2024 p.3a aediunTy onaais y KBiTHI-TPaBHi
Ta NigBULLEHMX TeMnepaTyp y yepBHi-nunHi (go 30-35 °C) cnocTtepiranocs CKOPOYEHHS TPMBANOCTI
nepiogy HanuBY 3epHa, WO npu3Beno A0 GOPMYBaHHS MEHLU BMMOBHEHOrO 3€pHA Ta 3HMXKEHHS Macu
1000 3epeH. HaTtomictb y 2025 p. 3a 6inbly piBHOMIPHOro po3nofiny onagis y TpaBHi-4epBHi (8o 47,9-
68,0 MM) i nomipHOro TemnepaTypHOro pexumy 3abesneyyBanocs Kpalle BOLOMOCTAYaHHS POC/UH,
WO CNpUAN0 NiABULLEHHIO iHTEHCMBHOCTI (DOTOCMHTE3Y Ta HAKOMUUYEHHIO CYXOi pEYOBUHM B 3€pHIBLI.
Y pe3ynbrati nokasHuk mMacu 1000 3epeH nigsuwmeca 3 46,8 no 47,4 r. BuseneHo, Wo KpUTUYHUM
nepiofoM ans GOpMyBaHHS LbOro NoKasHMKa € hasza KONOCIHHA — HAaNMBY 3epHa, Nif Yac SIKOi MOEAHAHHA
BMCOKMX TemnepaTyp i Aediuuty BONOTM OOMEXYE MNPOAYKTUBHICTb POCAMH. BCTAaHOBNEHO TiCHMM
3B'I30K MiX MOroAHMMM yMOBaMM Ta piBHEM peani3alii NpoayKTMBHOIO NoTeHuiany copTis. [pakTnyHe
3HaYeHHS OTPMMAHMX Pe3yNbTaTiB NONSrAE Y MOXAMBOCTI ONTUMI3aLii CTpokiB CiBbu Ta nigbopy copTis
i3 ypaxyBaHHSAM iX peakuii Ha riApoTepMiyHi YMOBMW, a TaKOX Y KOPUTYBaHHI CUCTEMU yAOOpPeHHs Ta
BO/IOro3abesneyeHHs 3 METOK 3MEHLUEHHS HEraTUBHOIO BMAMBY NOCYLUNMBUX NepiofiB Ha GOPMYBaHHA
Macu 3epHa. OTpuMaHi pesynbTaTu MOXyTb 6YyTW BMKOPMCTaHi arpOHOMaMu Ta CenekuioHepamu Ans
NiABULLEHHS CTabiNbHOCTI BPOXAMHOCTI NWEHMLi 031MMOi B YMOBaX KNiMAaTUYHUX 3MiH

KnioyoBi cnoea: rigpotepMiuHmit pexum, deHonorivHi dasmn pos3sutky, Maca 1000 3epeH, eneMeHTH
NPpOOYKTUBHOCTI KONOCA, KOPensiLiviHi 3B'13KM 03HaK, Bosoro3abesneyeHHs pocivH
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