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Abstract. The aim of the study was to analyse the weather conditions during the vegetation period,
their correspondence to the morphobiological characteristics of the hybrids, and to identify sunflower
hybrids that are better adapted to the region where the research was conducted. The studies were carried
out during 2022-2024 under the conditions of Ternopil region. An analysis of the agrometeorological
indicators over the research years revealed considerable differences in the vegetation periods, both
in terms of temperature indicators and the total monthly precipitation. According to the temperature
data, values exceeded the long-term average. The analysis of weather conditions in the study region
indicated that the conditions are suitable for cultivating sunflower hybrids of all maturity groups
examined, in terms of both heat resources and moisture availability. The sum of active temperatures for
the period from April to September was 3,162.1°C (biological minimum 5°C), and the sum of effective
temperatures was 2,263.2°C. At a biological minimum of 10°C, the respective figures were 2,977.1°C
and 1,409.1°C. During this period, the highest total of heat units was recorded at 3,642.4°C. The total
heat units for the May-September period amounted to 3,433.4°C. Soil moisture reserves within the one-
metre layer depended on the year’s weather conditions and varied accordingly. The water consumption
coefficient for early-maturing hybrids, under the influence of fertilisers, ranged from 1,173 to 1,012
m?3/t per tonne of seed; for mid-early hybrids - from 1,171 to 1,017 m3/t; and for mid-season hybrids -
from 1,100 to 989 m3/t per tonne of seed. A correlation analysis between sunflower yield indicators
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and soil moisture reserves showed a direct correlation, with a correlation coefficient of 0.8456. The
results of this research can be used to optimise the timing of sowing and harvesting in accordance with

forecasted agrometeorological conditions

Keywords: Helianthus annuus; temperature indicators; moisture availability; heat units; maturity group

Introduction

Global changes in climate and weather condi-
tions caused by rising temperatures, sharp tem-
perature fluctuations, uneven distribution of pre-
cipitation and insufficient rainfall, and frequent
droughts have prompted a search for solutions
to this problem in the field of crop production.
Agricultural producers are putting a lot of effort
into introducing and adapting new species and
creating new varieties and hybrids that are high-
ly stable and adaptable. Much effort is now being
directed towards utilising the adaptive potential
of agrocenoses, which involves comprehensive
approaches to increasing adaptability through
selection, management of exogenous influences
on plants, and the creation of optimal crop struc-
tures. The creation and emergence of varieties
and hybrids with high yield potential and resist-
ance to a wide range of environmental factors
cannot fully solve this problem. Sustainable crop
production is possible through the management
of plant production processes, taking into ac-
count and controlling biotic and abiotic factors.
In other words, there is a need to create, develop
and implement adaptive technologies for grow-
ing agricultural crops. With changing climat-
ic conditions, crops from southern regions are
moving northwards. An example of such crops
is sunflower, the cultivation of which is rapidly
spreading to the northern and western regions of
Ukraine, which were not previously characteristic
for its cultivation.

An analysis of the oilseed market indicates
that it is strategically important, as there is a pos-
itive price trend for these crops, particularly sun-
flowers. The supply of this crop is determined by
organisational and technological characteristics
and the influence of unregulated environmental

factors (soil and weather conditions). A series of
studies by S.P. Ivanyuta et al. (2020) shows that
global climate change caused by an increase in
average monthly and, accordingly, average annual
temperatures and changes in precipitation, main-
ly towards a decrease in its amount, creates long-
term risks in the crop production sector. Crop
yields depend on both temperature and mois-
ture conditions and can be controlled by select-
ing adapted varieties and hybrids and improving
cultivation techniques. The results of studies by
M. Huz et al. (2024), conducted in several periods
from 2008 to 2021, indicate significant changes
in the analysis of sunflower production dynamics
in Ukraine. The dynamics of the indicators were
caused by changes in climatic conditions as a
result of differences in weather conditions. Sun-
flower production indicators were characterised
by a close dependence of crop yields on weather
conditions in different regions of Ukraine. In ad-
dition to environmental conditions, market condi-
tions also had an impact on sunflower production
indicators. Based on production and yield indica-
tors, polynomial trend models were constructed,
which were characterised by a high degree of reli-
ability and were able to reflect the real dynamics
of the indicators.

In order to increase sunflower production,
it is necessary to ensure growing conditions in
which plants are able to realise their full po-
tential. In particular, this means creating condi-
tions that are more favourable in terms of mois-
ture availability than in the southern regions of
Ukraine. This is why there has been a migration
of sunflower crops to the western and northern
regions of Ukraine. The research by D. Baran-
skyi (2024) is aimed at studying the impact of
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sunflower cultivation in conditions of sufficient
moisture in the Western Forest-Steppe on the
dynamics of soil moisture reserves during the
growing season. The results showed that the
crop is capable of producing high yields in the
presence of sufficient moisture in the 0-200 mm
soil layer in the autumn-winter period. Research
by O.L. Zhygailo et al. (2021) points to the forma-
tion of new economic conditions in all sectors,
including crop production, as a result of global
climate change. One of the crops affected by this
is sunflower, whose yield is linked to the agro-
climatic conditions in which it is grown. The au-
thors emphasise that the profitability of growing
this crop will depend on the natural and climatic
zone in which it is grown.

Scientists V. Tomashuk & R.O. Horob-
chuk (2024) analysed the potential of Ukraine’s
agricultural sector and investigated opportu-
nities for increasing the efficiency of its use in
the cultivation of certain crops. One of the fac-
tors determining the level of production is the
soil and weather conditions of the region where
the crop is grown. According to V.M. Totskyi et
al.(2024), crop cultivation technology, in particu-
lar the use of mineral fertilisers that provide a
sufficient level of essential nutrients in the soil,
is of great importance for sunflower cultivation
and increasing its yield and seed quality. The
level of nutrient uptake by plants is determined
by a number of factors, including soil and cli-
matic conditions. Research by O. Trembitska et
al. (2021), conducted in the Polissya region on
the cultivation of the Oplot hybrid sunflower to
study the effect of fertilisation, showed a posi-
tive impact on both yield and seed quality. The
highest yield indicators were obtained in the
variant with the use of Ny Py Ky = 2.16 t/ha with
a fat content in seeds of 44.2%. The cultivation
of sunflowers in atypical conditions (in Polissya)
and the search for optimal technological meth-
ods based on the results of research by O.A. Fur-
manets (2022) indicated the difficulties arising
from unstable growing conditions, which do not

allow the genetic potential of the crop to be
realised. The use of fertilisers allows increasing
the crop yield in conditions of sufficient moisture
supply to 27%, and in arid conditions - to 44.0%.

In the context of changing climatic con-
ditions, the development and implementation
of adapted crop cultivation technologies is of
great importance in the field of crop production.
These technologies involve the optimisation of
cultivation techniques and the selection of new
crop varieties and hybrids capable of maximis-
ing their genetic potential in atypical growing
conditions. The aim of the research was to ana-
lyse the weather conditions during the growing
season and identify sunflower hybrids that are
better adapted to the region where the research
was conducted.

Materials and Methods

The research was conducted during 2022-2024
under the conditions of the Ternopil region. The
field experiment was a three-factor design with
four replications. The area of the experimental
plot was 60 m?, and the accounting (harvest) plot
area was 42 m2 The research design involved
studying the following factors: factor A - matu-
rity group: early, medium early, medium ripening;
factor B - hybrids: RGT Wollf, Atilla, Belvedere,
LG-5478, NK Brio, NK Kondi, P64LL155, factor C -
fertilisation options: 1. NeoPsoKsgo; 2. NgoPgoK12o.
The preceding crop was winter wheat. The me-
teorological indicators and parameters used for
calculations were taken from the data of the me-
teorological station in Ternopil.

The calculation of the coefficients of signifi-
cance of deviations in temperature indicators and
precipitation for the years of research and aver-
age long-term indicators was carried out using
the formula:

Xi—-X
cs =50, 1)
where: Cs - coefficient of significance of devia-
tions; Xi — weather elements for the current year;
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X - indicator of the average long-term value; o -
mean square deviation.

The significance of the coefficients of mate-
riality of deviations had the following gradations:
» (s=0+1 - conditions close to normal;

» (s=1+2 - conditions significantly differ-
ent from long-term averages;

» (Cs>2 - conditions close to rare.

Heat units (CHU) were calculated for the peri-
od from emergence to full maturity of the crop ac-
cording to the following methodology: heat units
per day (Y,,) were calculated using the formula:

Yos =333 (T, — 10) - 0.084 - (T, - 10), (2)
atT,,<10,Y,,=0.
Calculation of heat units per night:
Y on=1.8(T,;, — 4.44), (3)

atT,,<444,Y, =0.

The next step was to calculate the heat units
per day:

CHU: (Ymax+ men)/z'o (4)

The sums of active and effective temper-
atures were determined by calculation for bio-
logically active temperatures of 5 and 10°C. The
amount of available moisture was determined
using the thermostat-weight method, and total
moisture consumption was determined using the
water balance formula:

E=0+(Wn - WK), 5)

where E - the amount of moisture used by plants
during vegetation, m3/ha; Wn, Wk - the amount of
moisture at the beginning and end of vegetation,
m3/ha; O is the amount of precipitation during
vegetation, m3/ha.

The water consumption coefficient was de-
termined using the formula:

Cc=E:Y, 6)

Harbar & Vandzhura

where Cc - water consumption coefficient, m3/ha;
Y - the sunflower yield, t/ha.

Yield was determined by sectional harvest-
ing with a conversion to 8% moisture content.
Based on the results obtained, a correlation anal-
ysis was performed between yield indicators and
soil moisture reserves (Rozhkov et al., 2016). The
study complied with the requirements of the Con-
vention on Biological Diversity (1992).

Results and Discussion
The availability of a huge range of varieties and
hybrids of agricultural crops, in particular indus-
trial crops, on the seed market poses a challenge
for producers when selecting seed material, tak-
ing into account its plasticity to unregulated fac-
tors and the ability to maximise genetic potential
in specific climatic conditions. An analysis of the
weather conditions at the research site was car-
ried out based on the significance coefficients of
deviations of current weather data (2022-2024)
from the long-term average parameters.

An analysis of agrometeorological indica-
tors over the years of research shows significant
differences between vegetation periods. These
results were obtained from the analysis of both
temperature indicators and the total amount of
precipitation per month. The results of temper-
ature indicators (2022-2024) show that they ex-
ceed the long-term average data (Fig. 1).

Analysis of agrometeorological data showed
that March temperatures were significantly high-
er than the long-term average (1.7°C) in all years
of the study and ranged from 4.0 to 4.6°C. In April,
temperatures in 2022 and 2023 were lower than
the long-term average (8.4°C) and ranged from
6.9 to 7.4°C. In 2024, the temperature was 11.2°C,
which affected the timing of sunflower sowing.
The temperature in May was as close as possi-
ble to the long-term average (14.2°C) and corre-
sponded to values of 14.1, 14.2 and 15.7°C. All
other months of the growing season from June
to September were characterised by a significant
increase in temperature indicators by 0.7-4.4°C.
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Figure 1. Average monthly air temperature, 2022-2024, °C

Source: developed by the authors

The amount of precipitation that fell dur-
ing the sunflower growing season was insuf-
ficient, with a characteristic uneven distribu-
tion (Fig. 2). As the analysis of the indicators

140

showed, May was characterised by the lowest
amount of precipitation, with values almost
twice lower than the long-term average in all
years of the study.
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Figure 2. Precipitation, 2022-2024, mm

Source: developed by the authors

Precipitation in April was sufficient and, de-
pending on the year of research, varied between
61.4 and 79.7 mm (average long-term figures -
72.4 mm). May turned out to be the driest of
all the growing months. According to long-term
averages - 61.3 mm in 2022, 38.4 mm fell in
2023, 29.8 mm in 2024, and 19.8 mm in 2025.
June was characterised by precipitation close
to the long-term average (68.1 mm), while in
2023 it significantly exceeded the average and
amounted to 104.6 mm. July was characterised
by a similar pattern, with precipitation exceed-
ing the long-term average in 2024 (93.3 mm
compared to 53.9 mm). In August, precipitation

was close to the long-term average, ranging
from 51.2 to 63.6 mm. In September, precip-
itation was below normal (70.3 mm) in 2022
and 2023, amounting to 48.4 and 33.3 mm, re-
spectively. In 2024, precipitation in September
amounted to 124.1 mm, which complicated the
harvesting of crops.

An analysis of the calculated coefficients of
significance of precipitation deviations showed
that 54% of the months analysed belonged to the
category of ‘conditions close to normal”. Mean-
while, 33% were characterised as ‘conditions that
differ significantly from long-term indicators” and
13% as “conditions close to rare” (Fig. 3).
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Figure 3. Significance coefficients of precipitation deviations, 2022-2024

Source: developed by the authors

Calculations to determine the significance
coefficients of temperature deviations and their
analysis indicate significant deviations between
the long-term average data and the actual tem-
perature readings during the years of research. It
should be noted that a significant upward devia-
tion in temperature indicators brings certain pe-
riods of plant growth and development closer to
“rare conditions” (Fig. 4).

3,5

Analysis of the calculated coefficients of sig-
nificance of temperature deviations showed that
they varied in the range from 2.6 to minus 1.5.
The following results were obtained when calcu-
lating the coefficients of deviation of temperature
indicators: the percentage of months with “con-
ditions close to normal” was 58, and ‘conditions
that differ significantly from long-term indicators”
was 25, while “‘conditions close to rare” was 17%.
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Figure 4. Materiality coefficients of deviations
in average monthly temperature indicators, 2022-2024

Source: developed by the authors

Air temperature indicators are unregulated
factors. And in the context of climate change,
when there is a significant increase in these
indicators, their significant impact on certain
processes in plants becomes apparent, which is
reflected in the formation of their productivity.
There are a number of indicators that can be
calculated based on temperature data to draw

conclusions about their impact on plant growth
and development. The calculation of heat units
by month showed that April was characterised
by the highest deviations from the average val-
ue. The sum of heat units in 2023 was the low-
est, at 127.9°C, while in 2024 the indicator was
309.7°C.In other words, April in the region where
the research was conducted was characterised
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by rather unstable temperature indicators dur-
ing the day and night, which was reflected in the
sum of heat units per month. In all other months

of the sunflower growing season, no such signif-
icant differences were found between the years
of research (Table 1).

Table 1. Total heat units for sunflower vegetation in 2022-2024

Month, period CHU Deviation from the average Average for
! 2022 2023 2024 2022 2023 2024 2022-2024
April 189.4 127.9 309.7 -19.6 -81.1 100.7 209.0
May 495.2 471.4 512.1 2.3 -21.5 19.2 492.9
June 657.1 634.5 730.7 -17.0 -39.6 56.6 674.1
July 789.6 770.2 830.8 -7.3 -26.7 339 796.9
August 786.1 814.7 812.9 -18.5 10.1 8.3 804.6
September 694.6 664.2 636.1 29.6 -0.8 -28.9 665.0
X April-August 2,917.4 2,818.7 3,196.2 -60.0 -158.7 218.8 2,977.4
> April-September  3,612.0 3,482.9 3,832.3 -30.4 -159.5 189.9 3,642.4
Y May-August 2,728.0 2,690.8 2,886.5 -40.4 -77.6 118.1 2,768.4
Y May-September ~ 3,422.6 3,355.0 3,522.6 -10.8 -78.4 89.2 34334

Note: CHU - Crop Heat Units
Source: developed by the authors

The calculation of the average number of
heat units during the years of research during
the sunflower growing season indicates their
significant importance and dependence on
weather conditions during the year. It should be
noted that the number of heat units depended
not only on the average daily temperature, but
also on its minimum and maximum values. Thus,
for the period from April to August, the sum of
heat units was 2,917.4 in 2022, 2,818.7 in 2023,
and 3,196.2°C in 2023. The April-September
growing season was characterised by the follow-
ing indicators: 3,612.0 in 2022, 3,482.9 in 2023,
and 3,832.3°C in 2024. During the period from
May to August, plants accumulated the small-
est amount of heat units, which varied from
2,690.8 to 2,886.5°C during the study period.

The sum of heat units for the May-September
growing season ranged from 3,355.0 (2023)
to 3,522.6 (2024). It should be noted that the
highest average number of heat units per year
was obtained for the growing season covering
April-September, with an indicator of 3,642.4. A
slightly lower indicator was obtained for the pe-
riod May-September - 3,433.4.

The next criteria determining the conditions
for growing crops are the sums of active and ef-
fective temperatures during the growing season.
For sunflowers, the sums of these temperatures at
biological minimums of 5 and 10°C are relevant.
As shown by the calculations, the sums of active
and effective temperatures for the corresponding
periods were significantly lower than the sums of
heat units (Table 2).

Table 2. Indicators of the sum of active and effective temperature indicators
at a biological minimum of 5°C

Sum of active temperatures, °C Average Sum of effective temperatures, °C  Average

Month Decade
value value
2022 2023 2024 2022 2023 2024
1 47.5 29.9 129.5 69.0 49 10.5 79.5 31.6
April 2 91.5 88.7 100.9 93.7 41.5 38.7 55.9 45.4
90.1 90.5 101.3 94.0 40.1 40.5 51.3 44.0
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Table 2. Continued

Sum of active temperatures, °C  Average Sum of effective temperatures, °C  Average

Month Decade
value value
2022 2023 2024 2022 2023 2024

1 103.4 99.7 145.9 116.3 53.4 49.7 95.9 66.3

May 2 127.0 149.6 130.7 135.8 77 99.6 80.7 85.8

3 197.1 190.7 209.1 199.0 1471 133.1 154.1 144.8

1 184.1 179.4 193.9 185.8 134.1 129.4 143.9 135.8

June 2 171.3 168.9 190.1 176.8 121.3 111.9 140.1 124.4
3 199.2 190.6 223.3 204.4 149.2 140.6 173.3 154.4

1 215.2 204 210.3 209.8 165.2 154.0 160.3 159.8

July 2 235.4 207.4 260.3 234.4 185.4 157.4 210.3 184.4

3 223.1 217.8 222.1 221.0 173.1 162.8 167.1 167.7

1 203.1 208.1 198.2 203.1 153.1 158.1 148.2 153.1

August 2 217.0 221.8 220.7 219.8 167.0 171.8 170.7 169.8
3 260.1 258.0 256.9 258.3 210.1 203.0 201.9 205.0

1 201.8 171.5 207.9 193.7 151.8 121.5 157.9 143.7

September 2 189.2 181.1 165 178.4 139.2 131.1 115 128.4
168.4 182.6 155.4 168.8 118.4 132.6 105.4 118.8
> April-August 2,565.1 2,505.1 27932 26212 1,8225 1,761.1 2,033.2 11,8723
> April-September  3,124.5 3,040.3 33215 3,162.1 2231.9 2,146.3 24115 22632
3 May-August 2,336.0 2,296.0 24615 23645 1,736.0 1,671.4 1,846.5 1,751.3
> May-September  2,895.4 2,831.2 2989.8 29054 21454 2,056.6 2,224.8 21422

Source: developed by the authors

The sum of active temperatures (biological
minimum 5°C) for the period April-September
was the highest and amounted to the following
for the years of research: in 2022, 3,124.5; in
2023, 3,040.3; in 2024, 3,321.5°C. The indica-
tors for the period May-September were slight-
ly lower: in 2022, 2,895.4; in 2023, 2,831.2; in
2024, 2,989.8°C. The growing seasons from April
to August and May to August were characterised
by significantly lower values. The maximum sum
of active temperatures at a biological minimum
of 5°C - 3,162.1°C - was obtained for the peri-
od from April to September on average over the
years of research. Analysis of the sum of effective

temperatures at a biological minimum of 5°C in-
dicates similar trends between indicators depend-
ing on the growing seasons and years of research.
The sum of active temperatures for the period
April-September had the highest values, varied
depending on the year of research and amounted
t02,231.9in 2022,2,146.3in 2023,and 2,411.5°C
in 2024.The sum of effective temperatures for the
same period averaged 2,263.2°C over the years.
The calculation of the sum of active temperatures
at a biological minimum of 10°C showed signif-
icantly lower values than those in the previous
table, but the trends between the indicators re-
mained the same (Table 3).

Table 3. Indicators of the sum of active and effective temperature indicators
at a biological minimum of 10°C

Sum of active temperatures, °C

Average Sum of effective temperatures, °C  Average

Month Decade
2022 2023 2024  value 2022 2023 2024 value
1 0 0 111.9 37.3 0 0 31.1 10.4
April 2 11.5 0 81.6 31.0 0 0 21.6 7.2
3 30.1 65.8 523 49.4 0 5.8 12.3 6.0
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Table 3. Continued

Sum of active temperatures, °C  Average Sum of effective temperatures, °C  Average

Month  Decade

2022 2023 2024 value 2022 2023 2024 value

1 334 61.5 145.9 80.3 0 11.5 459 19.1

May 2 103.0 139.8 130.7 124.5 3 49.8 30.9 27.9

3 197.1 190.7 209.1 199.0 97.1 80.7 109.1 95.6

1 184.1 179.4 193.9 185.8 84.1 79.4 93.9 85.8

June 2 171.3 169.9 190.1 1771 71.3 61.9 90.1 74.4
3 199.2 190.6 223.3 204.4 99.2 90.6 123.3 104.4

1 215.2 204.0 210.3 209.8 115.2 104.0 110.3 109.8

July 2 235.4 207.4 260.3 234.4 135.4 107.4 160.3 134.4

3 223.1 217.8 2221 221.0 123.1 107.8 122.1 117.7

1 203.1 208.1 198.2 203.1 103.1 108.1 98.2 103.1

August 2 217.0 221.8 220.7 219.8 117.0 121.8 120.7 119.8
3 260.1 258 256.9 258.3 160.1 148.0 146.9 151.7

1 201.8 171.5 207.9 193.7 101.8 71.5 107.9 93.7

September 2 189.2 184.1 165 179.4 89.2 81.1 65.0 78.4
3 168.4 182.6 155.4 168.8 68.4 82.6 58.1 69.7
% April-August 2,283.6 2,314.8 2,707.3 2,435.2 1,108.6 1,076.8 1,316.7 1,167.3
> April-September  2,843.0 2,853.0 32356 29771 13680 1,312.0 1,547.7 1,409.1
> May-August 2,242.0 2,249.0 2461.5 2317.5 1,108.6 1,071.0 1,251.7 1,143.7
¥ May-September 2,801.4 2,787.2 2,989.8 28594 1,368.0 1,306.2 1,482.7 1,385.5

Source: developed by the authors

The sum of active temperatures (biological
minimum 10°C) for the period April-September
had the highest values and amounted to the
following for the years of research: in 2022,
2,843.0; in 2023, 2,853.0; in 2024, 3,235.6°C,
which indicates the possibility of growing hy-
brids with longer growing seasons than those
studied in the research region. The calculation
of the sum of effective temperatures (biologi-
cal minimum 10°C) shows similar dependencies
between the indicators and their lower values.
The period from April to September was char-
acterised by the highest values of the sum of
effective temperatures at a biological minimum
of 10°C, with indicators ranging from 1,312.0 to
1,547.7°C over the years of research. On aver-
age for the years of research, the sum of active
temperatures at a biological minimum of 10°C
was at its maximum during the April-September

growing season at 2,977.1°C, and the sum of ef-
fective temperatures was 1,409.1°C. The results
obtained, according to the calculations, indicate
the possibility of growing the hybrids studied
under the conditions of the research.

Moisture is one of the limiting factors in the
formation of crop productivity, in particular sun-
flower. Analysis of moisture reserve indicators
under the conditions of the research indicates a
significant influence of the meteorological char-
acteristics of each growing season. The total
moisture reserves for sunflower cultivation de-
pend on the moisture reserves in the metre-deep
soil layer at the time of sowing, the amount of
precipitation during the growing season, and the
duration of the growing season for a particular
hybrid. Due to the fact that all hybrids were sown
simultaneously, soil moisture reserves did not
change in terms of maturity group (Table 4).
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Table 4. Characteristics of moisture supply indicators for sunflower hybrids, m3/ha

Hybrid Soil moisture Precipitation Total moisture Moisture Moisture
Year  maturity reserves, during reserves, reserves, consumption,
group sowing, m3/ha vegetation, m3/ha m3/ha harvesting, m3/ha  total, m3/ha
Early 1,295 1,815 3,110 796 2,314
2022  Mid-early 1,295 1,839 3,134 748 2,386
Mid-season 1,295 1,879 3,174 715 2,459
Early 1,489 1,843 3,332 832 2,500
2023  Mid-early 1,489 2,262 3,751 811 2,940
Mid-season 1,489 2,277 3,766 774 2,992
Early 1,645 2,163 3,808 841 2,967
2024  Mid-early 1,645 2,593 4,238 827 3,411
Mid-season 1,645 3,137 4,782 801 3,981

Source: developed by the authors

Thus, soil moisture reserves at the time
of sowing amounted to 1,295 m3/ha in 2022,
1,489 m3/ha in 2023, and 1,645 m3/ha in 2024.
The amount of precipitation depended on the
maturity group of the hybrids and the duration of
their vegetation period, ranging from 1,815 m3/ha
(in 2022, for the early maturity group) to 3,137 m3/
ha (in 2024, for the mid-season group). The total
moisture reserves in the one-metre soil layer dur-
ing the vegetation period varied depending on the
research year - from 3,110 m3/ha in 2022 when
cultivating early-maturing sunflower hybrids
to 4,782 m3/ha in 2024 for mid-season hybrids.
Calculations showed that total moisture reserves
depended more on precipitation during the vege-
tation period than on the productive moisture re-
serves in the one-metre soil layer at sowing time.
It is worth noting that 2024 was characterised by
the highest soil moisture reserves at sowing and
the greatest amount of precipitation during the
sunflower vegetation period. Moisture consump-
tion by sunflower plants depended on the total
moisture reserves and the resulting crop yield.
The yield of sunflower hybrids was influenced by

the genetic characteristics of the hybrids, their
maturity group, the impact of uncontrolled envi-
ronmental factors, and the elements of cultivation
technology. Therefore, moisture consumption de-
pended on the growth and development features
of each hybrid under the combined influence of
all factors. It varied according to maturity group
and amounted to between 2,314 and 2,459 m3/ha
in 2022, between 2,500 and 2,992 m3/ha in 2023,
and between 2,967 and 3,981 m3/ha in 2024. As
the duration of the vegetation period increased,
moisture consumption also increased.

Sunflower, like other field crops, have dif-
ferent moisture requirements at different stag-
es of their growth and development. They have
the greatest need for water during the period of
laying and formation of generative organs. In-
sufficient moisture leads to a decrease in crop
productivity. The calculation of water consump-
tion coefficients for sunflowers within maturity
groups depended primarily on the established
yield of the main product, and only then on the
duration of their growing season and, accordingly,
moisture availability (Table 5).
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Table 5. Water consumption coefficient indicators
for sunflower hybrid maturity groups, m3/t per 1 t of seeds

Maturity group
Year Early Mid-early Mid-season
1 2 2 1 2
2022 1,146 972 1,015 871 931 851
2023 1,116 965 1,200 1,024 1,092 962
2024 1,257 1,099 1,297 1,156 1,276 1,154
average 1,173 1,012 1,171 1,017 1,700 989

Note: 1T — N PgoKgor 2 = NgoPgoKing
Source: developed by the authors

The analysis of indicators demonstrates
their dependence on yield, the maturity group of
sunflower hybrids (vegetation duration), and the
moisture supply available to plants during the
growing season. The amount of fertiliser applied
in sunflower cultivation also influenced these
indicators. As the fertiliser application rates in-
creased,crop yield rose, while the water consump-
tion coefficient decreased. On average over the
years of study, the water consumption coefficient
for early-maturing hybrids under the influence of
fertilisers ranged from 1,173 to 1,012 m3/t per
tonne of seed; for mid-early hybrids, from 1,171
to 1,017 m3/t; and for mid-season hybrids, from
1,100 to 989 m3/t per tonne of seed. Correlation
analysis between sunflower yield and soil mois-
ture reserves revealed a direct relationship with a
correlation coefficient of 0.8456.

Similar results were obtained by D. Baran-
skyi (2024) from studies conducted in 2022-
2023 in the Western Forest-Steppe zone, which
demonstrated a dependence of sunflower yield
on soil moisture reserves within the root zone.
However, that research also emphasised the im-
portance of moisture accumulation during the
autumn and winter periods. Studies by O.I. Pol-
yakov & A.D. Shcherbak (2022) showed that sun-
flower yield depends on the water supply avail-
able to plants of different hybrids throughout
the entire vegetation period. The authors also
highlighted the influence of fertiliser applica-
tion rates on water consumption and crop yield.

In variants without fertiliser application, the
lowest total plant water use was recorded. Un-
der the influence of the genetic characteristics
of each variety, the indicators varied from 359.2
to 372.8 mm. When phosphorus and potassium
fertilisers were applied in sunflower cultivation,
the lowest water consumption coefficient was
recorded, ranging from 1,039 to 1,177 m*/ha de-
pending on the studied factors.

Research by A. Haj Sghaier et al. (2023), ded-
icated to studying the impact of temperature in-
dicators and moisture on the rate of sunflower
seed germination, highlighted the importance of
considering the duration of the vegetation period
and the ability of plants to form seedlings when
planning technological processes. These results
make it possible to determine the optimal sowing
dates, ensuring proper growth, development, and
productivity formation of sunflower plants. The
study by S. Matskova and A. Gumanyuk (2025),
aimed at analysing uncontrolled environmental
factors (average annual temperatures and spring
soil moisture reserves) over the period 2006-
2024, showed that spring soil moisture reserves
have a weak correlation with sunflower yield indi-
cators (r=0.145), indicating an insignificant influ-
ence of this factor on crop productivity formation.
When considering the combined effect of spring
soil moisture and precipitation during April-
May, the correlation coefficient was r=0.298. A
higher correlation coefficient (r=0.505) was ob-
tained when taking into account both spring soil
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moisture and precipitation during April =July, in-
dicating the importance of moisture availability
during the critical period of sunflower growth and
development, corresponding to the formation of
the crop’s generative organs.

Research by J. Mu et al. (2025), conducted in
the 10 Division of Xinjiang at three represent-
ative stations, focused on examining the rela-
tionship between meteorological factors and the
growth and development characteristics of sun-
flower varieties of different maturity groups. The
study revealed distinct regional adaptation pat-
terns among sunflower varieties. Varieties differ-
ing in vegetation duration demonstrated specific
adaptive responses to environmental conditions.
The obtained results enable the proper selection
of varieties and the development of appropriate
cultivation strategies (including technological el-
ements) that enhance the resilience and stability
of sunflower yields under various climatic condi-
tions. The study of the effects of fertilisation and
growth-regulating substances on sunflower pro-
ductivity conducted by O.V. Nikitenko et al. (2021)
revealed the influence of these factors on the
total water consumption required to form the
yield. The lowest water consumption coefficient
obtained in the study was 832 m3/t under the
conditions of a conventional tillage system, the
application of N, P,,K,,,and the use of growth-reg-
ulating substances during the vegetation period.

Research by Ye.O. Domaratskyi et al. (2021)
carried out in the Southern Steppe of Ukraine,
which focused on the impact of growth-regulat-
ing preparations on the productivity of sunflower
hybrids and the optimisation of water consump-
tion under critical climate change conditions,
showed that the lowest water consumption co-
efficient (1,283 m?/t) was obtained when culti-
vating the hybrid P64GE133 with seed treatment
using the preparation Helafit Combi. The studied
preparations promoted efficient use of soil mois-
ture, reducing the water consumption coefficient
across all hybrids involved in the experiment.
The subsequent research by Ye.O. Domaratskyi et
al. (2022), aimed at studying the influence of
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fertiliser application and growth-regulating sub-
stances on sunflower water use, confirmed their
positive effect. The authors established that both
fertilisation and the use of growth regulators
contributed to improved crop productivity for-
mation. The minimum water consumption co-
efficient was recorded for the sunflower hybrid
P64GE133, amounting to 1,283 m3/ha when
treated with Helafit Combi.

Studies conducted at the College of Agri-
culture, University of Wasit by D.NJ. Al-Waili et
al. (2025), which aimed to investigate the effects
of several factors on sunflower water consump-
tion, demonstrated that the amount of water ab-
sorbed by plants increased as growth and devel-
opment progressed, while the need for moisture
declined during the ripening phase.Field research
by K. Farrag et al. (2025), focused on examining
the impact of fertilisers, soil amendments, and
moisture availability on sunflower productivity
indicators, revealed a positive influence of fertil-
isation on the physical properties of soil and, con-
sequently, on its water-holding capacity. A posi-
tive effect of fertilisers and soil amendments on
the productive use of moisture was established.
Under modern sunflower cultivation conditions,
attention is focused not only on crop adaptation
to weather conditions but also on the optimisa-
tion of agrotechnological practices. In particular,
studies by V. Bolokhovsky et al. (2024) demon-
strated that integrated plant nutrition technolo-
gies incorporating biopreparations enhance the
efficiency of soil and water resource use, which is
especially important under variable climatic con-
ditions and agrometeorological risks.

According to the findings of S.M. Kalenska &
A.S. Ryzhenko (2020), who investigated the rela-
tionship between heat and moisture resources
and the biological characteristics of sunflower
hybrids under the conditions of the Sumy region,
yield was found to depend on these factors. The
sum of active temperatures above 10°Cfor the de-
velopment cycle of the studied sunflower hybrids
ranged from 2,306.4 to 2,401.3°C, while the sum
of effective temperatures varied between 1,056.9
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and 1,109.1°C. The total heat units during the
vegetation period (April-August), averaged across
the study years, ranged from 2,868 to 3,258°C,
significantly exceeding the sums of active and
effective temperatures. However, I. Gintsioudis et
al. (2024) emphasised that under equal total heat
unit sums, plants grown under different environ-
mental conditions exhibit distinct distributions of
heat units across growth and development stages.
Therefore, heat unit models must account for the
fact that plants require varying amounts of ther-
mal energy at different growth stages. Further re-
search is needed to refine baseline and threshold
temperature values to more accurately determine
the timing of specific developmental phases. The
obtained research results comprehensively char-
acterise the agrometeorological conditions for
sunflower cultivation in the Ternopil region and
partially contribute to understanding their influ-
ence on the adaptability and productivity forma-
tion of the studied hybrids.

Conclusions
The analysis of weather conditions in the study
region indicates that the conditions are suita-
ble for growing sunflower hybrids of all maturity
groups examined, in terms of both heat resources
and moisture availability. During the vegetation
period (April-September), the average values
across the research years showed a maximum
sum of active temperatures of 3,162.1°C and ef-

amounting to 3,642.4°C. For the vegetation
period from May to September, the value was
3,433.4°C. The total moisture reserves in the
one-metre soil layer during the vegetation peri-
od varied from 3,110 m3/ha in 2022 (early matu-
rity group) to 4,782 m3/ha in 2024 (mid-season
group). Moisture consumption depended on total
moisture reserves and the yield achieved, ranging
from 2,314 to 2,459 m3/ha in 2022, from 2,500 to
2,992 m3/ha in 2023, and from 2,967 to 3,981 m3/
ha in 2024. As the duration of the vegetation peri-
od increased, moisture consumption by sunflower
plants also increased.

The water consumption coefficient for ear-
ly-maturing hybrids under the influence of fertil-
isers ranged from 1,173 to 1,012 m>/t per tonne
of seed, for mid-early hybrids from 1,171 to
1,017 m3/t, and for mid-season hybrids from
1,100 to 989 m3/t per tonne of seed. The correla-
tion analysis between sunflower yield indicators
and soil moisture reserves revealed a direct cor-
relation with a correlation coefficient of 0.8456.
Prospects for further research lie in studying the
influence of both controlled and uncontrolled fac-
tors on the growth, development, and productivi-
ty formation of hybrids belonging to different ma-
turity groups, with the aim of identifying levers to
enhance the realisation of their genetic potential
under atypical growing conditions for sunflower.
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AHoTaLif. MeTa pocnigkeHb nongrana y aHanisi norogHMx ymMoB nepiogy Beretauii, ix BianoBigHOCTI
Mopd06ioNoriYyHMM 0cobnMBOCTAM TiGpUAIB Ta BUSABNEHHI Binbll aganToBaHWUX TiOPUAIB COHALIHWMKY
NS perioHy npoBefeHHs pocnipkeHb. [locnigxeHHs nposoannun Bnponosx 2022-2024 pp. B yMoBax
TepHoninbcbkoi 06nacTi. AHani3 arpoMeTeoponoriYHNX NOKA3HUKIB POKIB AOCNIAXEHb MOKa3aB 3HAYHY
BiIMiHHICTb NepiofiB BereTawii Mk coboto, gk 33 aHanisy TeMnepaTypHMX NOKA3HMKIB, TaK i CyMapHOI
KiNbKOCTi OMaAiB WOMiCS4YHO. 33 pe3ynbTaTaMu TeMNePaTypHUX NOKA3HMKIB BUSBIEHO iX NEpeBULLEHHS
BiAHOCHO cepefHix 6araTopiyHMx AaHMX. AHAni3 MOrofHMX YMOB PErioHy NpoBeAeHHS A0C/iAKEHb,
CBiAYMTb NPO MPUAATHICTb YMOB AN BUPOLLYBAHHS TiOPUAIB COHSLWHKMKY BCiX rpyn CTUIAOCTI, SKi MU
BMBYANM 3a TENIOBUMM pecypcamu Ta 3abesneyeHicTio Bonorot. Cyma akTMBHMX TemMnepaTyp 3a nepiog,
KBiTeHb—BepeceHb cTaHoBuna 3162,1 °C (6ionoriynuit MiHiMyMm 5 °C, 3a cymu eeKTUBHUX TeMNepaTyp —
2263,2 °C. 3a 6ionoriyHoro MiHimymy 10 °C nokasHuku BignosigHo cknanu 2977,1 °C ta 1409,1 °C. 3a
3a3HayeHui nepiod 6yNno OTPUMAHO i HAMBULLY CyMy TennoBUX oauHuUb — 36424 °C. Cyma TennoBux
OOMHMLb 32 Nepiof TpaBeHb-BepeceHb Bianosigana nokasHuky 3433,4 °C. 3anacu BOIOrM y METPOBOMY
Wwapi rpyHTy 3anexanu Bif, MOrofHMX YMOB POKY Ta 3MiHKOBanuca y po3pisi pokis Bia KoediuieHT
BOAOCMOXMBAHHA AN Fi6puUAiB paHHbOI rpynu CTUINOCTI 3a BNAMBY A06puB 3MiHoBaBcs Big 1173 oo
1012 M3/T Ha 1 T HaciHHA, cepeaHbopaHHboi — 1171-1017 Ta cepeaHbocTurnoi — 1100-989 M3/THa 1l T
HaciHHg. KopensauiinHuii aHanis Mixk NoKasHMKaMM YPOXKAMHOCTI COHSLLIHMKY Ta 3anacamu BOOTU B IPYHTI
nokasaB NpsAMY KOpensuiiHy 3anexHicTb i3 koediuieHTom Kopensuii 0,8456. Pesynbtatit focniakeHHs
MOXHa BUKOPUCTATK AN ONTUMIi3aLii CTpOKiB CiBOM Ta 36MpaHHs BPOXato BiANOBIAHO [0 MPOrHO30BaHMX
arpoMeTeopoNoriYHUX YMOB

KnioyoBi cnoBa: Helianthus annuus; TeMnepaTypHi NOKa3HWKM; BOSOro3abe3neyeHicTb; TenaoBi OAMHULI;
rpyna cTUriocTi
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