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INTRODUCTION

Wheat is one of the most widespread and im-
portant cereal crops in the world, as its high nu-
tritional value and versatility play a crucial role 
in global food security (FAO, 2023; FAO, 2021). 
However, wheat cultivation technology must 
be adapted to local growing conditions, such as 

weather patterns, abiotic and biotic stresses, and 
soil fertility (Zargar et al., 2017). A higher crop 
yield can be achieved when plants are in good 
physiological condition and experience optimal 
growth and development, ensured by all essential 
nutrients (Lollato, 2019; Bakalova et al., 2019).

Currently, grain crops dominate Ukraine’s 
agricultural sector, as they are grown on 
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ABSTRACT
The article examines the efficiency of wheat cultivation in the Forest-Steppe zone of Ukraine in the Vinnytsia, 
Kyiv, Poltava, Sumy, Ternopil, Kharkiv, Khmelnytskyi, Cherkasy, and Chernivtsi regions, during 2020–2024. 
It was determined that the total contribution of the Forest-Steppe region to winter wheat cultivation accounts 
for 40.5% of the total wheat area in Ukraine as of 2024, or 36.4% on average over the observation years. The 
highest wheat yields were recorded in Khmelnytskyi (5.85 t/ha), Ternopil (5.50 t/ha), Sumy (5.19 t/ha), Cher-
kasy (5.15 t/ha), and Vinnytsia (5.00 t/ha) regions. It was also determined that regions with higher wheat yields 
had greater nitrogen uptake, especially in Ternopil (182.5 kg/ha) and Khmelnytskyi (194.3 kg/ha) regions. The high-
est phosphorus removal was observed in Ternopil (72.7 kg/ha) and Khmelnytskyi (77.4 kg/ha) regions. The highest 
potassium uptake was recorded in Cherkasy (107.8 kg/ha), Sumy (108.1 kg/ha), Ternopil (115.0 kg/ha), and Khmel-
nytskyi (122.5 kg/ha) regions. This indicates a deficient balance of nitrogen, phosphorus, and potassium, with 
wheat plants depleting soil reserves to meet their nutrient demands. On average, in the Forest-Steppe of Ukraine, 
nitrogen losses amount to 84.6 kg/ha, phosphorus losses to 52.0 kg/ha, and potassium losses to 90.6 kg/ha. Across 
Ukraine as a whole, over the past five years, the negative balance of these nutrients has been better by 12.4 
kg/ha for nitrogen, 9.1 kg/ha for phosphorus, and 12.4 kg/ha for potassium. The highest fungicide application 
rates were recorded in Vinnytsia (352 g/ha), Sumy (360 g/ha), Kyiv (377 g/ha), and Khmelnytskyi (387 g/ha) 
regions. The highest herbicide usage was observed in Ternopil (161 g/ha), Kyiv (173 g/ha), Chernivtsi (187 g/
ha), and Khmelnytskyi (188 g/ha) regions, while the lowest was in Poltava (81 g/ha) region. The highest insec-
ticide load on agroecosystems was recorded in Ternopil (108 g/ha) and Khmelnytskyi (95 g/ha) regions, while 
the lowest application was observed in Poltava (53 g/ha), Chernivtsi (56 g/ha), and Kharkiv (58 g/ha) regions. 
The highest application of growth regulators was identified in Kyiv (83 g/ha), Vinnytsia (98 g/ha), Khmelnytskyi 
(102 g/ha), and Ternopil (104 g/ha) regions. The lowest application rates were recorded in Poltava (31 g/ha) 
and Kharkiv (20 g/ha) regions.
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approximately 11 million hectares out of 22 mil-
lion hectares of total sown areas. Moreover, grain 
exports are a crucial component of the country’s 
foreign economic activity (Tsilurik et al., 2017). 
Thus, cereal crops hold a leading position not 
only in Ukraine’s agroecosystems in general but 
also in the Forest-Steppe zone, which is particu-
larly favorable for grain cultivation due to a bal-
ance of sufficient thermal resources and moisture 
availability. Additionally, the region features fer-
tile soils capable of supporting the needs of most 
traditional crops grown in Ukraine.

Among all cereal crops, winter wheat accounts 
for 82.7% of the total sown areas, as it can efficient-
ly utilize the autumn-winter period of Ukraine’s 
Forest-Steppe zone and resume vegetation early in 
spring, benefiting from the absence of resource def-
icits. This enables it to take full advantage of stored 
winter moisture and dominate agrocenoses without 
competition from weeds. As of 2023, winter wheat 
covers 71.6% of the total grain area, while spring 
wheat serves primarily as an insurance crop, ensur-
ing production continuity in case of winter wheat 
losses. Each year, spring wheat is sown on approxi-
mately 200,000 hectares (Prysiazhniuk et al., 2024; 
Kalenska & Hordyna, 2022).

Fertilizers and pesticides are indispensable 
in modern agricultural practices, as they improve 
crop productivity and help preserve yields (Fan 
et al., 2023; Rehman et al., 2019; Subedi et al., 
2023). However, excessive chemical use can 
harm soil health and the environment, making it 
unsustainable for long-term agricultural systems 
(Carvalho, 2006; Eijsackers & Maboeta, 2023; 
Wan et al., 2013).

It is believed that reducing fertilizer and pesti-
cide use could lower yields, so farmers tend to ap-
ply these inputs in amounts that maximize output 
while minimizing costs (Rezaei et al., 2019; Fei 
et al., 2021). Additionally, there is a perspective 
that supplementary fertilizers and pesticides can 
replace certain costly yet less effective cultivation 
techniques by enhancing plant growth processes 
(Addison, 2016), especially under adverse weather 
conditions (Erdinc et al., 2018; Qi et al., 2018). It is 
also well known that farmers often prioritize the ap-
plication of fertilizers and pesticides on more prof-
itable crops, not necessarily those with the high-
est yields, but those that guarantee a better market 
price and economic return (Abadi, 2018; Colaço & 
Bramley, 2018; Mutua-Mutuku et al., 2017).

On the other hand, reducing fertilizer and pes-
ticide use without replacing them with eco-friendly 

alternatives could increase production costs. A 
partial yield loss may discourage farmers from 
growing cereals, which are already not among the 
most economically profitable crops. Furthermore, 
lower fertilizer use may push agriculture toward 
extensive farming practices and reduced sown ar-
eas in intensively cultivated regions, potentially 
leading to a global decrease in cereal production 
and grain shortages (Sinha et al., 2022).

Among all wheat cultivation techniques, crop 
protection is one of the most complex technologi-
cal processes (Pisarenko et al., 2021). The effec-
tiveness of these protective measures depends on 
proper pesticide selection and correct application 
methods (Gamajunova et al., 2022). It is crucial 
to monitor harmful biota and adapt crop protec-
tion measures according to the agroecological 
state of the fields (Liskovskyi et al., 2020).

Among root system diseases, root rots are par-
ticularly common, leading to yield losses of up to 
30% (Bakay et al., 2019; Slobodianyk et al., 2022). 
Wheat plants and grains are also damaged by leaf-
hoppers, cereal flies, aphids, and grain beetles (Fe-
dorenko et al., 2021). Additionally, various weed 
species, particularly grasses, can reduce wheat 
yields by up to 60% if left unmanaged (Storchous, 
2019). The diversity of pests and diseases necessi-
tates strong crop protection strategies, incorporat-
ing fungicides, insecticides, and herbicides.

Thus, to address the challenges of agricultural 
intensification, which has improved human well-
being but also led to environmental consequences, 
modern sustainable farming practices and preci-
sion/organic agriculture technologies are being 
implemented (Muhie, 2022; Rebouh et al., 2023; 
Winkler et al., 2023; He et al., 2021). However, 
achieving high wheat yields through environ-
mentally friendly technologies remains a topic of 
ongoing discussion, as organic farming systems 
typically produce lower yields than conventional 
methods. Therefore, the objective of this study is 
to identify the specific features of wheat cultiva-
tion across different regions of Ukraine, promoting 
more rational use of agrochemicals and pesticides.

MATERIALS AND METHODS

The study was conducted in the Vinnytsia, 
Kyiv, Poltava, Sumy, Ternopil, Kharkiv, Khmel-
nytskyi, Cherkasy, and Chernivtsi regions of 
Ukraine, all of which belong to the Forest-
Steppe zone.
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Weather conditions

The climate across all studied regions in 
Ukraine’s Forest-Steppe zone is moderately con-
tinental. However, differences in long-term cli-
matic indicators and annual weather variations 
must be analyzed in more detail, as they signifi-
cantly affect wheat productivity.

Vinnytsia region

Average annual temperature (7–9 °C), an-
nual precipitation (550–650 mm). Coldest month 
– January (-4 – -6 °C), warmest month –  July 
(19–22 °C). Maximum precipitation in May–July, 
minimum precipitation in January–February.

Winter 2020 had moderate air temperatures 
and average precipitation. Spring was close to 
normal, with periodic rainfall that supported 
proper winter crop development. Summer was 
hot, especially in July and August, with drought 
periods. Autumn temperatures were close to the 
multi-year averages, with sufficient rainfall. Win-
ter 2021 had below-average temperatures with 
moderate snowfall, ensuring proper soil mois-
ture. Spring saw a gradual temperature increase 
with adequate precipitation. Summer recorded 
extremely high temperatures, particularly in June 
and July, with a precipitation deficit, leading to 
potential plant stress. Autumn temperatures were 
within the norm, with sufficient rainfall for winter 
crop preparation and soil moisture accumulation.

Winter 2022 featured moderate temperatures 
and average snowfall, providing proper soil mois-
ture. Spring had average temperatures with period-
ic rainfall, supporting normal winter crop develop-
ment. However, summer saw temperature increas-
es, especially in July and August, with drought pe-
riods potentially affecting yield. Autumn tempera-
tures remained close to multi-year averages, with 
sufficient precipitation for soil preparation.

Winter 2023 had lower-than-average tempera-
tures with moderate snowfall. Spring was marked 
by a gradual temperature rise and sufficient pre-
cipitation, aiding vegetation. Summer saw ex-
treme heat, particularly in June and July, with pre-
cipitation shortages. Autumn temperatures were 
within normal limits, with adequate precipitation.

Winter 2024 featured moderate tempera-
tures and average snowfall. Spring had aver-
age temperatures with periodic rainfall, ensur-
ing normal winter crop development. Sum-
mer had high temperatures, especially in July 
and August, with drought periods. Autumn 

temperatures were close to long-term averages, 
with sufficient precipitation.

Kyiv region

Average annual temperature (7–9 °C), an-
nual precipitation (550–650 mm). Coldest month 
– January (-4 – -6 °C), warmest month – s July 
(19–22 °C). Maximum precipitation in June–July, 
minimum precipitation in February–March.

Spring and summer 2020 were warmer than 
average, with periods of extreme heat. Spring was 
humid, supporting crop sowing, while summer 
had uneven rainfall, including drought periods, 
affecting yields. A warm 2021 year with record 
summer heat. The annual temperature exceeded 
the norm. Spring was humid, supporting winter 
crop development. However, summer drought in-
tensified, reducing yields. Intense storms with hail 
caused crop damage.

Hot summer 2022, mild winter. Spring was 
relatively dry, complicating sowing. Summer 
precipitation was uneven, with drought periods. 
Thunderstorms and strong winds damaged crops 
and infrastructure. Warm 2023 year with re-
cord summer heat. Winter was mild, with minor 
frosts. Spring was humid, favoring winter crops. 
Summer rainfall was uneven, with drought peri-
ods. Intense storms and hail caused significant 
crop damage.

Overall, a warm 2024 year with abnormally 
high summer temperatures. Winter was mild, 
with minor frosts. Spring was humid, promoting 
winter crop growth. Summer drought significant-
ly reduced agricultural yields.

Poltava region

Average annual temperature (7–9 °C) and 
annual precipitation (450–550 mm). Coldest 
month – January (-5 – -7 °C), warmest month 
– (20–22 °C). Maximum precipitation in June–
July, minimum precipitation in February–March.

Spring and summer 2020 were warmer than 
average, with periods of extreme heat. Rainfall 
was uneven. Spring was humid, aiding sowing, 
but summer had drought periods, reducing yield. 
Storms and strong winds occurred. A warm 2021 
year with record summer heat. Spring was humid, 
favoring winter crop growth, but summer drought 
intensified, reducing yields.

Hot summer 2022, mild winter. Spring was 
dry, complicating sowing. Summer precipita-
tion was uneven, with drought periods. Extreme 
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summer 2023 heat. Winter was mild, with mini-
mal frosts. Spring was humid, while summer had 
uneven rainfall, including drought periods. Severe 
drought – only 267 mm of precipitation 2024, 
which is 51% of the multi-year average (524 
mm). Monthly temperatures exceeded the norm 
except in May. Soil surface temperatures reached 
61–67 °C in summer.

Sumy region

Average annual temperature (6–8 °C), an-
nual precipitation (500–600 mm). Coldest month 
– January (-6 – -8 °C), warmest month – July 
(19–21 °C). Maximum precipitation in June–July, 
minimum precipitation in February–March.

Winter 2020 was cold with regular snowfall. 
Spring was moderately warm, with a gradual 
temperature increase and sufficient precipitation, 
ensuring an early vegetation start. Summer tem-
peratures rose to average values, with occasional 
peaks but no ext reme anomalies. Precipitation 
was unevenly distributed. Autumn saw a gradual 
temperature decline with variable precipitation, 
supporting normal crop maturation.

Cold winter 2021 with prolonged frosts and 
heavy snowfall. Spring had gradual warming but 
included dry spells, affecting plant growth. Sum-
mer was hot, with moisture shortages, creating 
stressful conditions for crops. Autumn tempera-
tures were higher than normal, with uneven pre-
cipitation distribution.

Mild winter 2022 with weaker frosts and less 
snowfall. Spring had stable vegetation start, with 
moderate temperatures and sufficient rainfall. Sum-
mer saw rising temperatures with clear drought 
periods. Autumn was warm but dry, with lower-
than-normal precipitation, reducing soil moisture 
accumulation. Warmer-than-usual winter 2023, 
while spring had an early and rapid temperature in-
crease. Summer was extremely hot with significant 
drought, leading to severe water stress for plants. 
Autumn remained warm, with below-normal pre-
cipitation, affecting soil moisture retention.

Ternopil region

Average annual temperature (7–9 °C), an-
nual precipitation (550–700 mm). Coldest month 
– January (-4 – -6 °C), warmest month – July 
(18–21 °C). Maximum precipitation in May–July, 
minimum precipitation in January–February.

Moderately cold winter 2020 with normal 
snowfall. Spring was favorable, with gradual 

warming and sufficient precipitation, promoting 
early vegetation growth. Summer was warm, with 
occasional heat waves, but precipitation remained 
evenly distributed. Autumn was moderately cool, 
with steady cooling and stable precipitation levels.

Colder-than-average winter 2021 with heavy 
snowfall. Spring arrived early, with temperature 
fluctuations and rainy periods, providing good 
soil moisture. Summer saw rising temperatures 
and some drought periods, creating localized dry 
conditions. Autumn was warm but had uneven 
precipitation distribution, slightly affecting win-
ter crop development.

Warmer-than-normal winter 2022 with stable 
temperatures and typical precipitation levels. 
Spring was favorable for crop growth, with suf-
ficient soil moisture. Summer was warm, with oc-
casional heat waves, and precipitation was evenly 
distributed. Autumn had moderate temperatures 
and adequate rainfall, supporting a normal end to 
the vegetation cycle.

Mildly cold winter 2023 with regular pre-
cipitation. Spring came early, bringing a warm 
period with occasional rainfall. Summer was 
extremely hot with a strong precipitation defi-
cit, resulting in drought conditions. Autumn was 
warm but had insufficient rainfall, limiting soil 
moisture accumulation.

Mild winter 2024 with moderate temperatures 
and typical precipitation. Spring had unstable 
temperature swings and uneven rainfall. Summer 
was marked by record-high temperatures and a 
significant precipitation deficit, leading to severe 
drought conditions. Autumn was warm and dry, 
with low soil moisture levels before winter.

Kharkiv region

Average annual temperature (6–8 °C), an-
nual precipitation (450–550 mm). Coldest month 
– January (-6 – -8 °C), warmest month – July 
(20–22 °C). Maximum precipitation in June–July, 
minimum precipitation in January–March.

Typical winter 2020 cold periods with regular 
snowfall, ensuring proper soil moisture. Spring 
saw moderate warming, gradual temperature in-
creases, and occasional rainfall, facilitating good 
crop development. Summer was warm, with oc-
casional heat waves, but precipitation was un-
even, leading to localized droughts. Autumn had 
a gradual temperature decline, with sufficient soil 
moisture for winter preparation. Colder-than-
normal winter 2021 with intense snowfall. Spring 
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had sharp temperature fluctuations and irregular 
precipitation. Summer was hot, with prolonged 
heat periods and drought, causing water stress for 
crops. Autumn was warmer than usual but had ir-
regular rainfall patterns, alternating between ex-
cessive and deficient moisture periods.

Moderate winter 2022 temperatures with suf-
ficient snowfall. Stable spring onset, with regular 
precipitation and gradual warming, supporting 
healthy plant growth. Summer had above-average 
temperatures with periods of low rainfall, leading 
to drought conditions. Autumn saw gradually de-
clining temperatures and periodic rainfall, ensuring 
proper soil moisture accumulation before winter.

Cold winter 2023 with intense snowfall. Spring 
began early, with a sharp temperature rise, followed 
by alternating cool and warm periods with sporadic 
rainfall. Summer was extremely hot with a severe 
precipitation deficit, leading to crop stress and re-
duced yields. Autumn was warm but had uneven 
precipitation, with alternating wet and dry periods.

Mild winter 2024 with moderate temperatures 
and regular precipitation. Spring saw frequent 
daily temperature fluctuations and uneven rainfall 
distribution. Summer experienced record-high 
temperatures with a severe precipitation deficit, 
leading to widespread drought and crop losses. 
Autumn was warm but dry, with inadequate mois-
ture levels for soil replenishment before winter.

Khmelnytskyi region

Average annual temperature: (7–9 °C), an-
nual precipitation (550–700 mm). Coldest month 
– January (-4 – -6 °C), warmest month – July (18– 
21 °C). Maximum precipitation in May–July, 
minimum precipitation in January–February.

Moderately cold winter 2020 with regular 
precipitation. Spring brought gradual warming 
and stable rainfall, ensuring an early start to veg-
etation. Summer was warm with occasional heat 
waves, and precipitation was uneven, sometimes 
leading to localized moisture deficits. Gradual 
cooling in autumn, with stable precipitation lev-
els, supported normal crop maturation.

Slightly colder-than-normal winter 2021 with 
intense precipitation. Early spring warming was 
interrupted by dry periods, delaying seed germi-
nation and plant growth. Summer saw higher-
than-average temperatures with heatwaves and 
precipitation deficits. Autumn was moderately 
warm, with irregular precipitation – some periods 
were wet, others dry.

Moderate winter 2022 with stable temperatures 
and near-average precipitation. Spring had gradual 
warming and sufficient rainfall, fostering active 
plant growth. Summer was warm but had dry peri-
ods due to insufficient precipitation. Autumn tem-
peratures were near normal, and precipitation sup-
ported proper soil moisture accumulation.

Typical winter 2023 with adequate snow-
fall, but cold spells affected winter crop survival. 
Spring started early, with a rapid temperature rise 
and fluctuations in precipitation. Summer was ex-
tremely hot with a significant drought, causing dry 
conditions for crops. Autumn was warm, but pre-
cipitation was unstable – some periods were ex-
cessively wet, while others faced moisture deficits.

Mild winter 2024 with moderate temperatures 
and regular precipitation. Spring had strong tem-
perature fluctuations and uneven rainfall. Sum-
mer was excessively hot with severe precipitation 
deficits, creating drought and stress for crops. Au-
tumn was warm but dry, with below-normal pre-
cipitation, affecting winter crop development and 
soil moisture retention.

Cherkasy region

Average annual temperature (7–9 °C), an-
nual precipitation (500–600 mm). Coldest month 
–  January (-4 – -6 °C), warmest month – July 
(19–22 °C). Maximum precipitation in May–July, 
minimum precipitation in February–March.

Winter 2020 was near the long-term average, 
with moderate temperatures and regular precipi-
tation. Spring warming was gradual, with stable 
rainfall, ensuring an early vegetation start. Sum-
mer was warm with heatwaves and uneven pre-
cipitation, sometimes leading to moisture deficits. 
Moderate autumn cooling, with sufficient precipi-
tation, allowed normal crop maturation.

Slightly cooler-than-average winter 2021 with 
increased precipitation. Early spring warming was 
accompanied by dry spells. Summer had high tem-
peratures, frequent heatwaves, and significant pre-
cipitation deficits. Autumn temperatures gradually 
declined, but precipitation remained irregular.

Mild winter 2022 with stable temperatures 
and normal precipitation. Spring had sufficient 
rainfall and gradual warming. Summer was warm 
with moderate temperature increases, and precip-
itation remained close to normal, aiding crop de-
velopment. Moderate autumn cooling with stable 
precipitation ensured proper soil moisture accu-
mulation before winter.



151

Ecological Engineering & Environmental Technology 2025, 26(5), 146–162

Typical winter 2023 with regular precipita-
tion but occasional cold spells. Early spring had 
a rapid temperature increase and uneven precipi-
tation. Summer was extremely hot with a strong 
precipitation deficit, leading to dry conditions. 
Autumn was warm with irregular precipitation – 
some periods had excessive moisture, while oth-
ers faced drought.

Winter 2024 conditions were near the long-
term average. Spring had significant temperature 
fluctuations and uneven precipitation. All sum-
mer months were excessively warm with severe 
drought conditions, while autumn was warm and 
dry, with below-normal precipitation.

Chernivtsi region

Average annual temperature (7–9 °C), annual 
precipitation: 650–850 mm. Coldest month – Jan-
uary (-3 – -5 °C), warmest month – July (18–22 
°C). Maximum precipitation in May–June, mini-
mum precipitation in January–February.

Moderately cold winter 2020 with regular 
precipitation. Gradual spring warming and suffi-
cient rainfall ensured an active start to the vegeta-
tion period. Summer was warm with occasional 
heatwaves, while precipitation was uneven, lead-
ing to short dry periods. Gradual autumn cooling, 
with adequate precipitation, allowed proper crop 
growth and maturation.

Winter 2021 was slightly colder than the pre-
vious year, with increased snowfall. Early spring 
warming brought unstable weather and short-term 
precipitation deficits. Summer was hot, with pro-
longed heatwaves and insufficient rainfall. Au-
tumn was warm with irregular precipitation dis-
tribution, alternating between wet and dry periods.

Mild winter 2022 with moderate snowfall. 
Gradual spring warming and regular precipita-
tion provided optimal conditions for agricultural 
activities. Summer was warm with occasional 
heatwaves, but overall precipitation levels re-
mained near normal. Moderate autumn cooling, 
with sufficient precipitation, helped prepare win-
ter crops for dormancy.

Near-average winter 2023 with regular snow-
fall, but occasional severe frost periods. Spring 
had an early start with rapid temperature increases, 
while precipitation distribution was uneven. Sum-
mer was extremely hot with prolonged droughts, 
causing significant moisture shortages. Autumn 
was warm with inconsistent precipitation levels, 
including both excessive rainfall and dry spells.

Moderate winter 2024 temperatures with 
near-average precipitation. Spring had unstable 
weather with sharp temperature fluctuations and 
irregular precipitation. Summer was hot with sig-
nificant precipitation deficits, causing widespread 
drought. Autumn remained warm with below-
normal precipitation, limiting soil moisture accu-
mulation before winter.

Soil conditions

Vinnytsia region 

Podzolized chernozems cover about 60% of 
the region’s territory. Gray forest soils are com-
mon in the northern and central parts, with me-
dium humus content but high acidity, requiring 
liming. Sod-podzolic soils, found in the north, 
are less fertile, have a light mechanical composi-
tion, and require cultivation. Meadow and marshy 
soils occur along river valleys.

Kyiv region

Gray and dark gray forest soils are the most 
widespread. Podzolized chernozems, found 
mainly in the south, are highly fertile, rich in 
humus, and retain moisture well. Sod-podzolic 
soils, located in the north, have a light mechanical 
composition, are less fertile, and require fertiliza-
tion. Meadow and marshy soils are found in river 
floodplains (Dnieper, Desna, Teteriv).

Poltava region

Typical chernozems are the dominant soil 
type, covering about 70% of the region and con-
taining 5–6% humus. Podzolized chernozems, 
found in the north, have moderate humus content 
and require organic and mineral fertilizers. Gray 
and dark gray forest soils, common on the right 
bank of the Dnieper, have medium fertility but 
high acidity. Meadow and marshy soils are found 
along river valleys.

Sumy region

Gray and dark gray forest soils cover a sig-
nificant part of the region, especially in the cen-
tral areas. Podzolized chernozems, found in the 
south, contain 4–5% humus. Sod-podzolic soils, 
prevalent in the north, are less fertile. Meadow 
and marshy soils are found in the floodplains of 
the Desna, Seim, and Psel rivers.



152

Ecological Engineering & Environmental Technology 2025, 26(5), 146–162

Ternopil region

Podzolized chernozems are the most wide-
spread, highly fertile, and contain 3–5% humus. 
Gray and dark gray forest soils are found in the 
north and central parts, while brown forest soils 
are typical in the west. Meadow and marshy soils 
are concentrated in the river valleys of the Dnies-
ter, Seret, and Zbruch rivers.

Kharkiv region

Ordinary and podzolized chernozems domi-
nate, covering over 60% of the region, being 
highly fertile, rich in humus (4–6%), and excel-
lent for moisture retention, making them ideal for 
agriculture. Gray and dark gray forest soils are 
found mainly in the north and west. Sod-podzolic 
soils are common in the north, while meadow and 
marshy soils are found in the floodplains of the 
Siverskyi Donets and Oskil rivers.

Khmelnytskyi region

Podzolized chernozems are the most preva-
lent, containing 3–5% humus. Gray and dark gray 
forest soils are also widely distributed. Brown for-
est soils, found in the west, are less fertile. Mead-
ow and marshy soils are present in the floodplains 
of the Dniester and Southern Bug rivers.

Cherkasy region

Podzolized and typical chernozems are domi-
nant, containing 4–6% humus. Gray and dark 
gray forest soils are found mainly in the north. 
Sod-podzolic soils are present in wooded areas, 

while meadow and marshy soils are located in the 
floodplains of the Dnieper and Ros rivers.

Chernivtsi region

Gray and dark gray forest soils cover a sig-
nificant portion of the region, especially in foot-
hill areas. Podzolized chernozems, found in 
lowland areas, contain 4–5% humus. Brown for-
est soils dominate the Carpathian foothills and 
mountainous zones. Meadow and marshy soils 
are present in the floodplains of the Prut, Dnies-
ter, and Seret rivers.

Statistical analysis

Statistical analysis was performed using the 
ANOVA method using the Statistica 12 software 
(Prysiazhniuk et al, 2016).

RESULTS AND DISCUSSION

Traditionally, large areas of land for wheat 
cultivation are characteristic of Kharkiv, Vinnyt-
sia, Poltava, Khmelnytskyi, Kyiv, Cherkasy, and 
Sumy regions. The total contribution of the re-
gion in terms of winter wheat cultivation area ac-
counts for 40.5% of the total wheat-growing area 
in Ukraine as of 2024, or 36.4% on average over 
the observation years (Figure 1).

Apart from the large areas of wheat cultiva-
tion in the Forest-Steppe zone of Ukraine, higher 
yield levels are observed both in individual re-
gions and on average for the entire area. The yield 

Figure 1. Average areas and wheat yields by regions of the Forest-Steppe of Ukraine, for 2020–2024
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advantage over the national average ranges from 
0.62 to 0.89 t/ha.

The complexity of the impact of cultivation 
conditions in the Forest-Steppe region of Ukraine 
lies in the fact that in certain years, limiting fac-
tors emerge, leading to significantly lower yields 
compared to the national average. This was ob-
served in Chernivtsi in 2020 and in Kharkiv in 
2022, 2023, and 2024. Therefore, the study of ag-
roclimatic factors affecting the zonal distribution 
of cereal crops needs deeper research.

Another important element determining 
the efficiency of wheat cultivation and its envi-
ronmental sustainability is the use of fertilizers. 
Across Ukraine, relatively low levels of organic 
fertilizers are applied, despite wheat being a crop 
that currently receives minimal organic fertiliza-
tion. However, scientific studies show that the 
application of 25–30 t/ha of manure compensates 
for the depletion of macro- and micronutrients at 
a yield level of 6.0 t/ha.

It was also found that Kyiv region consistent-
ly applies higher amounts of organic fertilizers, 
whereas Chernivtsi, Vinnytsia, and Sumy regions 
have the lowest rates. Regarding organic fertiliz-
ers, despite seasonal fluctuations in their quantity, 
there is a general trend of maintaining similar ap-
plication volumes, which indirectly indicates re-
source limitations across different regions.

Mineral fertilizers, on the other hand, are 
available for purchase and use in all regions of 
the Forest-Steppe zone of Ukraine. However, the 
trend in nitrogen fertilizer application shows a 
gradual decline in usage year by year, with the 
most significant reduction starting in 2022. The 
average nitrogen fertilizer use in the Forest-
Steppe zone was 70 kg/ha in 2022, 82.6 kg/ha in 
2021, and 85.9 kg/ha in 2020.

Only in Vinnytsia, Sumy, Ternopil, and Cher-
kasy regions, nitrogen application increased by 
31.9 kg/ha, 11.7 kg/ha, 6.3 kg/ha, and 10.5 kg/ha, 
respectively, compared to the previous year.

In 2023, the war and declining grain purchase 
prices further affected mineral fertilizer use, so 
only Kyiv and Ternopil regions maintained their 
previous year’s nitrogen application levels.

A similar decline was observed in the use of 
phosphorus mineral fertilizers. However, on aver-
age, in 2020, 2021, and 2022, farmers in the For-
est-Steppe zone applied 15 kg/ha of phosphorus, 
while in 2023 and 2024, the rate dropped to ap-
proximately 10 kg/ha. Within the regions, a sig-
nificant decrease in phosphorus fertilization below 

10 kg/ha was recorded in Kyiv, Poltava, Kharkiv, 
and Cherkasy regions over the past two years.

Unlike nitrogen and phosphorus fertilizers, 
the use of potassium fertilizers remained rela-
tively stable until 2022, with a downward trend 
similar to phosphorus application. The average 
potassium fertilizer application in the region was 
13 kg/ha in 2020, 2021, and 2022, while in 2023 
and 2024, it dropped to 10 kg/ha.

Traditionally, a high level of potassium fer-
tilizer use is observed in farms located in Sumy 
and Ternopil regions, while the lowest potassium 
application is recorded in Poltava, Kharkiv, and 
Chernivtsi regions. This may be due to the soil 
nutrient levels in these areas.

However, as seen from the average exchange-
able potassium content in the region’s soils, Cher-
nivtsi has the lowest levels of potassium in the 
entire Forest-Steppe zone of Ukraine.

Overall, the volumes of mineral fertilizer ap-
plication align with classical studies, which indi-
cate that in most soils of the Forest-Steppe zone: 
38.0% have very low and 54.0% have low levels 
of hydrolyzable nitrogen, 37.0% have medium 
levels and 37.4% have increased levels of avail-
able phosphorus, 41.5% have increased levels 
and 28.5% have high levels of potassium. On 
average, farmers in the Forest-Steppe zone apply 
79.3 kg/ha of nitrogen, 13.0 kg/ha of phosphorus, 
and 11.1 kg/ha of potassium.

These findings indicate the need for a bal-
anced fertilization approach to maintain wheat 
productivity and soil fertility in the region.

Given the importance of the impact of min-
eral fertilizers on wheat yield formation, we will 
analyze whether they determined the level of ob-
tained yield (Figure 2).

As we can see from the obtained regression 
equations, their accuracy is insufficient to assert 
that the application of these specific amounts of 
organic and mineral fertilizers effectively increas-
es wheat yield. This is due not only to the low 
doses of fertilizers applied but also to the lack of 
a model experiment that includes variants with 
zero fertilization. Similarly, low correlation co-
efficients were obtained when comparing wheat 
yield levels with organic matter reserves and 
macroelements in the soil (Figure 3).

Unlike the previous analysis, wheat yield 
shows a slight but statistically significant depen-
dence on the organic matter content in the soil. 
However, the rest of the factors do not have a sig-
nificant influence.
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Figure 2. Dependence of wheat yield on the rates of application of organic and mineral fertilizers

Figure 3. Dependence of wheat yield on the content of humus and macroelements in the soil
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Thus, the growth and development of cereal 
crops in the Forest-Steppe zone of Ukraine is in-
fluenced by a combination of soil and climatic 
factors, as well as cultivation technologies, mak-
ing each element a crucial component in achiev-
ing high crop productivity.

Therefore, we will analyze the impact of the 
deviation significance coefficient of precipitation 
amounts during the growing season on wheat 
yield (Figure 4), as the primary limiting factor for 
effective growth and development of plants in the 
Forest-Steppe zone of Ukraine.

As shown, the obtained relationship between 
wheat yield and the deviation significance coef-
ficient of precipitation demonstrates that under 
modern moisture conditions, an increase in this 
indicator beyond the average values typical for the 
Forest-Steppe zone results in a significant yield 
increase overall. This confirms the importance 
of considering weather elements in achieving the 
maximum efficiency of any crop cultivation and 
optimizing the influence of environmental fac-
tors. Equally important is the understanding of 
nutrient balance in the crop production process. 
It should be noted that wheat is not the most fer-
tilizer-intensive crop in crop rotations. Therefore, 
over an entire crop rotation cycle, agricultural en-
terprises may maintain a neutral or even positive 
nutrient balance.

However, the primary goal of sustainable ag-
riculture is to ensure the return of sufficient nutri-
ents to the soil. Since an operational nutrient defi-
cit during certain phases of crop rotation increases 
the need for higher doses of mineral fertilizers, this 

automatically leads to greater losses of biogenic 
elements due to leaching, microbial degradation, 
or fixation in an immobile form by soil minerals.

Overall, it can be stated that all nutrient ele-
ment balances were negative during wheat culti-
vation, meaning that nutrient depletion from the 
soil exceeded inputs from organic and mineral 
fertilizers (Tables 1–3).

Moreover, a negative nutrient balance does 
not necessarily indicate a high yield in a particu-
lar region. Even with moderate yields, inefficient 
fertilizer application or low application rates can 
lead to imbalanced soil nutrition. For example, 
the greatest nitrogen losses from the soil were 
observed in Poltava, Khmelnytskyi, Cherkasy, 
and Chernivtsi regions, averaging 94.7, 94.8, 
93.8, and 99.8 kg/ha over the years, respectively. 
In contrast, in Vinnytsia region, wheat fields ab-
sorbed 63.4 kg/ha of nitrogen from the soil an-
nually, which was the lowest both in the Forest-
Steppe region and compared to the Ukrainian av-
erage, by 8.8 kg/ha.

Regarding phosphorus uptake from the soil, 
the highest depletion rates were recorded in Ter-
nopil, Khmelnytskyi, and Cherkasy regions, with 
negative balances of 54.4, 61.7, and 56.6 kg/ha, 
respectively. On average, wheat cultivation in 
Ukraine resulted in an annual phosphorus loss of 
42.9 kg/ha, whereas the best figures were observed 
in Kharkiv region, where phosphorus depletion 
exceeded the national average by 1.5 kg/ha.

In general, despite the high availability of 
phosphorus in the soils of the Forest-Steppe 
region and its significant reserves, it is not a 

Figure 4. The influence of the coefficient of significant of precipitation deviations on wheat yield
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critical limiting factor for plant growth and de-
velopment. However, substantial annual losses 
lead to irreversible declines in soil fertility and 

gradual degradation of high-quality topsoil. The 
highest exchangeable potassium losses from 
the soil, due to wheat uptake, were observed in 

Table 1. Nitrogen balance for wheat cultivation on average in Ukraine and regions of the Forest-Steppe zone, 
2020–2024, kg/ha

Region
Year

2024 2023 2022 2021 2020

Ukraine -98.78 -97.54 -56.66 -68.94 -39.14

Vinnytsa -83.48 -94.03 -10.49 -100.37 -28.74

Kyiv -105.95 -101.09 -49.03 -76.41 -47.42

Poltava -117.07 -125.76 -74.60 -84.22 -72.04

Sumy -97.58 -96.87 -78.68 -77.14 -69.22

Ternopil -94.22 -88.90 -65.52 -89.26 -41.98

Kharkiv -61.61 -101.41 -73.99 -75.99 -81.84

Khmelnytskyi -130.09 -121.68 -82.95 -100.01 -39.43

Cherkasy -124.60 -123.31 -56.33 -100.08 -64.44

Chernivtsi -157.53 -117.98 -77.11 -100.81 -45.72

Table 2. Phosphorus balance for wheat cultivation on average in Ukraine and regions of the Forest-Steppe zone, 
2020–2024, kg/ha

Region
Year

2024 2023 2022 2021 2020

Ukraine -48.12 -55.24 -37.15 -42.65 -31.38

Vinnytsa -55.86 -65.62 -32.23 -59.08 -32.92

Kyiv -60.11 -64.30 -38.70 -48.18 -40.24

Poltava -54.64 -64.09 -44.99 -51.19 -42.66

Sumy -52.18 -56.61 -47.67 -42.64 -46.10

Ternopil -61.98 -64.38 -47.09 -55.90 -42.72

Kharkiv -33.72 -53.73 -40.11 -46.27 -48.32

Khmelnytskyi -70.77 -74.83 -56.75 -62.99 -43.23

Cherkasy -65.04 -71.07 -44.35 -59.84 -42.92

Chernivtsi -66.31 -55.85 -43.60 -52.00 -34.53

Table 3. Potassium balance for wheat cultivation on average in Ukraine and regions of the Forest-Steppe zone, 
2020–2024, kg/ha

Region
Year

2024 2023 2022 2021 2020

Ukraine -86.64 -90.43 -65.51 -87.37 -60.77

Vinnytsa -103.14 -111.52 -63.77 -109.01 -63.51

Kyiv -101.69 -99.35 -59.64 -88.10 -60.98

Poltava -93.32 -100.68 -71.50 -92.78 -69.94

Sumy -91.53 -93.22 -84.44 -84.34 -77.20

Ternopil -110.70 -108.74 -83.89 -105.06 -74.22

Kharkiv -60.89 -86.69 -70.29 -97.48 -89.48

Khmelnytskyi -126.68 -123.98 -97.84 -116.66 -73.03

Cherkasy -111.75 -111.71 -70.46 -106.96 -70.36

Chernivtsi -122.05 -97.61 -73.77 -102.05 -63.86
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Ternopil and Khmelnytskyi regions—96.5 and 
107.6 kg/ha, respectively. Conversely, wheat 
plants in Kharkiv and Kyiv regions absorbed the 
least potassium, at 81.0 and 82.0 kg/ha, respec-
tively.Pesticides, including fungicides, insec-
ticides, and herbicides, significantly influence 
plant growth, development, and agroecosystem 
stability. Therefore, in the context of biological 
crop production technologies, it is crucial to an-
alyze changes in the amount of these chemicals 
applied per hectare (Tables 4–6).

Different regions use different pesticide for-
mulations, making it difficult to identify clear 
patterns from the data. However, the quantity of 
chemical inputs is crucial when aiming to reduce 
environmental impact and limit the intensification 
of chemical-based technologies without compro-
mising yield and product quality.

It is important to highlight that 2022 was a 
critical year in terms of fungicide, herbicide, 

insecticide, and growth regulator use, which was 
directly linked to the war and low wheat procure-
ment prices. As a result, farmers significantly 
reduced their use of these chemicals. However, 
such trends were less pronounced for mineral 
fertilizers, as these are usually purchased before 
the start of the growing season and were already 
available on farms when the war began.

In all other years, fungicide application on 
wheat fields remained stable, averaging 323 g/
ha in the Forest-Steppe region, which is approxi-
mately 100 g/ha more than the Ukrainian average.

The highest fungicide use was recorded in 
Vinnytsia (352 g/ha), Sumy (360 g/ha), Kyiv 
(377 g/ha), and Khmelnytskyi (387 g/ha) regions, 
while the lowest use of this pesticide class was 
observed in Kharkiv region (224 g/ha).

Regarding herbicide application, farms in the 
Forest-Steppe region of Ukraine use an average of 
143 g/ha, which is in line with the national average.

Table 4. Average fungicide application rates for wheat cultivation in Ukraine and regions of the Forest-Steppe 
zone, 2020–2024, kg/ha

Region
Year

2024 2023 2022 2021 2020

Ukraine 0.272 0.250 0.143 0.293 0.267

Vinnytsa 0.389 0.342 0.127 0.436 0.469

Kyiv 0.443 0.371 0.112 0.515 0.444

Poltava 0.339 0.329 0.082 0.348 0.313

Sumy 0.420 0.372 0.101 0.468 0.439

Ternopil 0.338 0.313 0.189 0.362 0.362

Kharkiv 0.240 0.224 0.143 0.256 0.257

Khmelnytskyi 0.435 0.411 0.186 0.458 0.444

Cherkasy 0.385 0.364 0.143 0.406 0.398

Chernivtsi 0.274 0.256 0.251 0.291 0.292

Table 5. Average herbicide application rates for wheat cultivation in Ukraine and regions of the Forest-Steppe 
zone, 2020–2024, kg/ha

Region
Year

2024 2023 2022 2021 2020

Ukraine 0.162 0.136 0.054 0.188 0.179

Vinnytsa 0.117 0.116 0.082 0.118 0.200

Kyiv 0.195 0.156 0.062 0.233 0.221

Poltava 0.089 0.092 0.046 0.086 0.092

Sumy 0.123 0.114 0.070 0.132 0.163

Ternopil 0.180 0.167 0.066 0.193 0.200

Kharkiv 0.132 0.109 0.056 0.154 0.157

Khmelnytskyi 0.197 0.190 0.088 0.204 0.259

Cherkasy 0.138 0.106 0.063 0.170 0.169

Chernivtsi 0.230 0.160 0.047 0.300 0.197
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The highest herbicide use was recorded in 
Ternopil (161 g/ha), Kyiv (173 g/ha), Chernivtsi 
(187 g/ha), and Khmelnytskyi (188 g/ha) regions, 
while the lowest application was observed in Pol-
tava region (81 g/ha).

Insecticide protection of wheat crops against 
pests is slightly higher than the Ukrainian aver-
age. In the Forest-Steppe region, 76 g/ha of in-
secticides are applied on average, whereas across 
Ukraine, the usage is 12 g/ha lower.

The highest insecticide loads on agroecosys-
tems were recorded in Ternopil (108 g/ha) and 
Khmelnytskyi (95 g/ha) regions, while the lowest 
were in Poltava (53 g/ha), Chernivtsi (56 g/ha), 
and Kharkiv (58 g/ha) regions.

This pattern of pesticide use is typical for 
the Forest-Steppe region, as fluctuating mois-
ture levels and vigorous plant development cre-
ate favorable conditions for the active spread of 
diseases and pests. Meanwhile, weeds compete 

for available space in all soil-climatic zones of 
Ukraine, leading to similar insecticide application 
rates across different regions.

Among all agrochemical inputs, growth regu-
lators and accompanying plant stimulants are de-
sirable because they are often biologically active 
substances of natural origin and do not significantly 
pollute the environment. Their positive effects in-
clude increased yields and improved crop quality.

Thus, analyzing the use of plant growth regu-
lators helps to evaluate their efficiency in wheat 
production technologies (Table 7). In the Forest-
Steppe region, an average of 69 g/ha of growth 
regulators is applied, which is 31 g/ha more than 
the Ukrainian average. The highest usage was re-
corded in Kyiv (83 g/ha), Vinnytsia (98 g/ha), 
Khmelnytskyi (102 g/ha), and Ternopil (104 
g/ha) regions, while the lowest was in Poltava 
(31 g/ha) and Kharkiv (20 g/ha) regions. It is 
also important to note that pesticide and growth 

Table 6. Average insecticide application rates for wheat cultivation in Ukraine and regions of the Forest-Steppe 
zone, 2020–2024, kg/ha

Region
Year

2024 2023 2022 2021 2020

Ukraine 0.066 0.065 0.050 0.068 0.067

Vinnytsa 0.075 0.063 0.091 0.088 0.077

Kyiv 0.069 0.058 0.061 0.080 0.075

Poltava 0.060 0.053 0.021 0.067 0.064

Sumy 0.081 0.069 0.076 0.093 0.090

Ternopil 0.115 0.166 0.129 0.064 0.064

Kharkiv 0.061 0.053 0.031 0.068 0.080

Khmelnytskyi 0.087 0.103 0.160 0.070 0.056

Cherkasy 0.069 0.065 0.073 0.073 0.126

Chernivtsi 0.044 0.052 0.101 0.037 0.045

Table 7. Average of growth regulators application rates for in wheat cultivation in Ukraine and regions of the 
Forest-Steppe zone, 2020–2024, kg/ha

Region
Year

2024 2023 2022 2021 2020

Ukraine 0.047 0.045 0.002 0.049 0.044

Vinnytsa 0.117 0.097 0.002 0.136 0.136

Kyiv 0.100 0.068 0.000 0.133 0.112

Poltava 0.043 0.037 0.000 0.049 0.025

Sumy 0.070 0.062 0.000 0.078 0.074

Ternopil 0.124 0.097 0.000 0.150 0.149

Kharkiv 0.028 0.028 0.000 0.028 0.018

Khmelnytskyi 0.133 0.107 0.000 0.158 0.112

Cherkasy 0.059 0.039 0.015 0.079 0.059

Chernivtsi 0.082 0.047 0.005 0.117 0.121
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regulator use did not show significant fluctuations 
over the study period, except for 2022, when their 
application dropped sharply due to the war and 
low wheat prices. However, in 2023, there was a 
recovery in application levels, reaching pre-war 
2021 levels in 2024.

Furthermore, significant correlations were 
found between wheat yield and the application 
rates of fungicides, insecticides, and growth regu-
lators (Fig. 5), highlighting their role as key ele-
ments of an effective wheat production technology.

Previous scientific studies have demonstrated 
that the long-term and extensive use of pesticides 
has serious ecological and agricultural conse-
quences (Baysal & Silme, 2018).

Therefore, it is essential to create conditions 
for soil health restoration, natural pest regulation, 
and biodiversity conservation, while ensuring the 
sustainability of grain production (del Portillo et 
al., 2022; Garrison et al., 2014; Crotty et al., 2015).

Research also indicates that eco-friendly 
farming practices in wheat production contribute 
to high and stable yields. This is achieved not only 
through the optimization of plant nutrition but also 
by ensuring that crops are grown in favorable cli-
matic zones (Chhibber & Ravichandran, 2024).

CONCLUSIONS

It was determined that the average wheat cul-
tivation area in the Kharkiv, Vinnytsia, Poltava, 
Khmelnytskyi, Ternopil, Cherkasy, Kyiv, and 
Sumy regions is 424, 320, 247, 230, 207, 204, 
196, and 180 thousand hectares, respectively. The 
total share of the Forest-Steppe region in winter 
wheat cultivation accounts for 40.5% of the total 
wheat area in Ukraine as of 2024 or 36.4% on av-
erage over the years of observation. The highest 
wheat yields over the study years were recorded 
in Khmelnytskyi, Ternopil, Sumy, Cherkasy, and 
Vinnytsia regions, reaching 5.85, 5.50, 5.19, 5.15, 
and 5.00 t/ha, respectively.

The analysis of organic and mineral fertil-
izer application on wheat yield formation re-
vealed that the observed relationships do not 
accurately define fertilization as the key factor. 
This is due to insufficient application rates of or-
ganic and mineral fertilizers, which fail to meet 
crop demands. In regions where higher yields 
were recorded, greater nitrogen uptake was also 
observed, particularly in Ternopil (182.5 kg/ha) 
and Khmelnytskyi (194.3 kg/ha) regions. Phos-
phorus depletion was the highest in Ternopil 

Figure 5. The impact of pesticide and growth regulator application rates on wheat yield
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(72.7 kg/ha) and Khmelnytskyi (77.4 kg/ha) 
regions. The highest potassium uptake was re-
corded in Cherkasy (107.8 kg/ha), Sumy (108.1 
kg/ha), Ternopil (115.0 kg/ha), and Khmelnytskyi 
(122.5 kg/ha) regions.

It was determined that the overall nitrogen, 
phosphorus, and potassium balance remains de-
ficient, with wheat plants depleting soil reserves 
of these elements to meet their nutrient needs. On 
average, in the Forest-Steppe of Ukraine, nitrogen 
losses amount to 84.6 kg/ha, phosphorus losses to 
52.0 kg/ha, and potassium losses to 90.6 kg/ha.

In contrast, across Ukraine as a whole, over 
the past five years, the negative balance of these 
elements has been 12.4 kg/ha better for nitrogen, 
9.1 kg/ha better for phosphorus, and 12.4 kg/ha 
better for potassium. The highest nitrogen losses 
were observed in Poltava (94.7 kg/ha), Khmel-
nytskyi (94.8 kg/ha), Cherkasy (93.8 kg/ha), and 
Chernivtsi (99.8 kg/ha) regions. For phosphorus 
depletion, the leading regions were Ternopil (54.4 
kg/ha), Khmelnytskyi (61.7 kg/ha), and Cherkasy 
(56.6 kg/ha) regions. The greatest exchangeable 
potassium losses were recorded in Ternopil (96.5 
kg/ha) and Khmelnytskyi (107.6 kg/ha) regions. 
The highest fungicide application rates were re-
corded in Vinnytsia (352 g/ha), Sumy (360 g/
ha), Kyiv (377 g/ha), and Khmelnytskyi (387 g/
ha) regions. The highest herbicide usage was ob-
served in Ternopil (161 g/ha), Kyiv (173 g/ha), 
Chernivtsi (187 g/ha), and Khmelnytskyi (188 g/
ha) regions, while the lowest was in Poltava (81 g/
ha) region. The highest insecticide load on agro-
ecosystems was recorded in Ternopil (108 g/ha) 
and Khmelnytskyi (95 g/ha) regions, while the 
lowest application was observed in Poltava (53 g/
ha), Chernivtsi (56 g/ha), and Kharkiv (58 g/ha) 
regions. The highest application of growth regu-
lators was identified in Kyiv (83 g/ha), Vinnytsia 
(98 g/ha), Khmelnytskyi (102 g/ha), and Ternopil 
(104 g/ha) regions. The lowest application rates 
were recorded in Poltava (31 g/ha) and Kharkiv 
(20 g/ha) regions.

REFERENCES

1. Abadi, B. (2018). The determinants of cucumber 
farmers’ pesticide use behavior in central Iran: Im-
plications for the pesticide use management. Jour-
nal of Cleaner Production, 205, 1069–1081. https://
doi.org/10.1016/j.jclepro.2018.09.142

2. Addison, T., Ghoshray, A., & Stamatogiannis, M. 

P. (2016). Agricultural commodity price shocks 
and their effect on growth in Sub-Saharan Africa. 
Journal of Agricultural Economics, 67(1), 47–61. 
https://doi.org/10.1111/1477-9552.12120

3. Bakalova, A.V., Hrytsyuk, N.V., & Derecha, 
O.A. (2019). Comprehensive protection of win-
ter wheat plants from harmful organisms in 
the Polissia zone of Ukraine. Quarantine and 
Plant Protection, 1–2(253), 5–10. https://doi.
org/10.36495/2312-0614.2019.1-2.5-10

4. Bakay, I., & Mykhaylenko, S. (2019). Fusari-
um root rot in different zones of winter wheat 
cultivation in 1987–2015. Interdepartmental 
Thematic Scientific Collection “Plant Protec-
tion and Quarantine”, 65, 17–34. https://doi.
org/10.36495/1606-9773.2019.65.17-34

5. Baysal, O., & Silme, R.S. (2018). The Ecological 
Role of Biodiversity for Crop Protection. In Plant 
Competition in Cropping Systems; InTech: London, 
UK. https://doi.org/10.5772/intechopen.78228

6. Carvalho, F. P. (2006). Agriculture, pesticides, food 
security and food safety. Environmental Science & 
Policy, 9(7–8), 685–692. https://doi.org/10.1016/j.
envsci.2006.08.002

7. Chhibber, A., & Ravichandran, S. (2024). Eco 
friendly agriculture. International Journal of Ana-
lytical and Applied Chemistry, 10(1), 21–25. https://
doi.org/10.37628/IJAAC

8. Colaço, A. F., & Bramley, R. G. (2018). Do crop 
sensors promote improved nitrogen management in 
grain crops? Field Crops Research, 218, 126–140. 
https://doi.org/10.1016/j.fcr.2018.01.007

9. Crotty, F.V., Fychan, R., Scullion, J., Sanderson, R., 
& Marley, C.L. (2015). Assessing the impact of agri-
cultural forage crops on soil biodiversity and abun-
dance. Soil Biol. Biochem., 91, 119–126. https://doi.
org/10.1016/j.soilbio.2015.08.036

10. del Portillo, D.G., Arroyo, B., & Morales, M.B. 
(2022). The adequacy of alfalfa crops as an agri-
environmental scheme: A review of agronomic ben-
efits and effects on biodiversity. J. Nat. Conserv., 69, 
126253. https://doi.org/10.1016/j.jnc.2022.126253

11. Eijsackers, H., & Maboeta, M. (2023). Pesticide im-
pacts on soil life in southern Africa: Consequences 
for soil quality and food security. Environmental 
Advances, 13, 100397. https://doi.org/10.1016/j.
envadv.2023.100397

12. Erdinc, C., Ekincialp, A., Gundogdu, M., Eser, F., 
& Sensoy, S. (2018). Bioactive components and an-
tioxidant capacities of different miniature tomato 
cultivars grown by altered fertilizer applications. 
Journal of Food Measurement and Character-
ization, 12, 1519–1529. https://doi.org/10.1007/
s11694-018-9760-1

13. Fan, J. L., Li, Z., Huang, X., Li, K., Zhang, X., 



161

Ecological Engineering & Environmental Technology 2025, 26(5), 146–162

Lu, X.,... & Shen, B. (2023). A net-zero emissions 
strategy for China’s power sector using carbon-
capture utilization and storage. Nature Commu-
nications, 14(1), 5972. https://doi.org/10.1038/
s41467-023-41548-4

14. FAO. (2021). Cereal Supply and Demand Brief; 
Food and Agriculture Organization of the United 
Nations: Washington, DC, USA. 

15. FAO. Crops and Livestock Products. (2023). https://
www.fao.org/faostat/en/#data/QCL (accessed on 04 
February 2025).

16. Fedorenko, A.V., Bakhmut, O.O., Borysenko, V.I., 
& Neverovska T.M. (2021). The main pests of cereal 
crops and phytosanitary status in 2020–2021. Inter-
departmental Thematic Scientific Collection “Plant 
Protection and Quarantine, 67, 291–303. https://
doi.org/10.36495/1606-9773.2021.67.291-303

17. Fei, R., Lin, Z., & Chunga, J. (2021). How land 
transfer affects agricultural land use efficiency: 
Evidence from China’s agricultural sector. Land 
Use Policy, 103, 105300. https://doi.org/10.1016/j.
landusepol.2021.105300

18. Gamajunova, V., Kovalenko, O., Smirnova, V., & 
Korkhova, M. (2022). The formation of the pro-
ductivity of winter wheat depends on the prede-
cessor, doses of mineral fertilizers and bioprepa-
rations. Scientific Horizons, 25(6), 65–74. https://
doi.org/10.48077/scihor.25(6).2022.65-74

19. Garrison, A.J., Miller, A.D., Ryan, M.R., Roxburgh, 
S.H., & Shea, K. (2014). Stacked crop rotations ex-
ploit weed-weed competition for sustainable weed 
management. Weed Sci., 62, 166–176. https://doi.
org/10.1614/WS-D-13-00037.1

20. He, D.-C., Ma, Y.-L., Li, Z.-Z., Zhong, C.-S., Cheng, 
Z.-B., & Zhan, J. (2021). Crop rotation enhances 
agricultural sustainability: From an empirical eval-
uation of eco-economic benefits in rice produc-
tion. Agriculture, 11, 91. https://doi.org/10.3390/
agriculture11020091

21. Kalenska, S. M., & Hordyna, O. Yu. (2022). Patterns 
of winter wheat development in the spring-summer 
growing season under the effect of pre-sowing 
seed treatment. Advanced Agritechnologies, 10(3). 
https://doi.org/10.47414/na.10.3.2022.270488

22. Liskovskyi, S., Demidov, O., Siroshtan, A., Zaima, 
O., & Kavunets, V. (2020). Yield and sowing qual-
ity of spring wheat seeds depending on treatment of 
crops with fungicides. Bulletin of the Lviv National 
Agrarian University. Agronomy Series, 24, 176–180. 
https://doi.org/10.31734/agronomy2020.01.176

23. Lollato, R.P., Ruiz Diaz, D.A., De Wolf, E., Knapp, 
M., Peterson, D.E., & Fritz Allan, K. (2019). Ag-
ronomic practices for reducing wheat yield gaps: 
A quantitative appraisal of progressive produc-
ers. Crop Science, 59(1), article number 333. doi: 
10.2135/cropsci2018.04.0249

24. Muhie, S.H. (2022). Novel approaches and practices 
to sustainable agriculture. J. Agric. Food Res. 10, 
100446 https://doi.org/10.1016/j.jafr.2022.100446

25. Mutua-Mutuku, M., Nguluu, S. N., Akuja, T., Lut-
ta, M., & Bernard, P. (2017). Factors that influ-
ence adoption of integrated soil fertility and water 
management practices by smallholder farmers in 
the semi-arid areas of eastern Kenya. Tropical and 
Subtropical Agroecosystems, 20(1), 141–153.

26. Pisarenko, P.V., Matyukha, V.L., Pisarenko, P.P., 
& Antonenko, Ya.V. (2021). Effectiveness of tank 
mixtures of pesticides against pests and diseases 
in the technology of growing winter wheat in the 
Northern Steppe of Ukraine. Bulletin of the Pol-
tava State Agrarian Academy, 1, 80–89. https://doi.
org/10.31210/visnyk2021.01.09

27. Prysiazhniuk, O. I., Karazhbei, H. M., Leshchuk, 
N. V., Tsyba, S. V., Mazhuha, K. M., Brovkin, V. 
V., Symonenko, V. A., & Maslechkin, V. V. (2016). 
Statistical analysis of agronomic research data 
package Statistica 10. Guidelines. Kyiv: Nilan-Ltd.

28. Prysiazhniuk, O. I., Kononiuk, N. O., Polovynchuk, 
O. Yu., Musich, V. V., Honcharuk, O. M., Voloshyn, 
P. Yu., Maliarenko, O. A., & Shevchenko, O. P. 
(2024). Determination of critical phases of winter 
cereal crops based on international unified growth 
and development scales. Scientific works of the In-
stitute of Bioenergy Crops and Sugar Beet, (32), 
49–62. https://doi.org/10.47414/np.32.2024.322938

29. Qi, Y., Yang, X., Pelaez, A. M., Lwanga, E. H., 
Beriot, N., Gertsen, H.,... & Geissen, V. (2018). 
Macro-and micro-plastics in soil-plant system: Ef-
fects of plastic mulch film residues on wheat (Triti-
cum aestivum) growth. Science of the Total Envi-
ronment, 645, 1048–1056. https://doi.org/10.1016/j.
scitotenv.2018.07.229

30. Rehman, A., Chandio, A. A., Hussain, I., & Jing-
dong, L. (2019). Fertilizer consumption, water 
availability and credit distribution: Major factors 
affecting agricultural productivity in Pakistan. 
Journal of the Saudi Society of Agricultural Sci-
ences, 18(3), 269–274. https://doi.org/10.1016/j.
jssas.2017.08.002

31. Rezaei, A., Hassani, H., Hassani, S., Jabbari, N., 
Mousavi, S. B. F., & Rezaei, S. (2019). Evaluation 
of groundwater quality and heavy metal pollution 
indices in Bazman basin, southeastern Iran. Ground-
water for Sustainable Development, 9, 100245. 
https://doi.org/10.1016/j.gsd.2019.100245

32. Sinha, B. B., & Dhanalakshmi, R. (2022). Recent 
advancements and challenges of Internet of Things 
in smart agriculture: A survey. Future Genera-
tion Computer Systems, 126, 169–184. https://doi.
org/10.1016/j.future.2021.08.043

33. Slobodianyk, H., Zhilyak, I., Mostoviak, I., Shche-
tyna, S., & Zabolotnyi, O. (2022). Effectiveness 



162

Ecological Engineering & Environmental Technology 2025, 26(5), 146–162

of different groups of preparations for pre-sowing 
treatment of winter wheat seeds. Scientific Ho-
rizons, 25(9), 53–63. https://doi.org/10.48077/
scihor.25(9).2022.53-63

34. Storchous, I.M. (2019). Comparative evaluation 
of herbicides for autumn and spring application 
in winter wheat crops in the conditions of the 
forest-steppe zone of Ukraine. Interdepartmen-
tal Thematic Scientific Collection Protection and 
Quarantine of Plants, 65, 175–190. https://doi.
org/10.36495/1606-9773.2019.65.175-190

35. Subedi, M., Bagwell, J. W., Ghimire, B., Lopez, B., 
Sapkota, S., Babar, M. A., & Mergoum, M. (2024). 
Identifying genomic regions associated with key agro-
morphological traits in soft red winter wheat using 
genome-wide association study. Crop Science, 64(4), 

2316–2335. https://doi.org/10.1002/csc2.20998
36. Wan, X. M., Tandy, S., Hockmann, K., & Schulin, R. 

(2013). Changes in Sb speciation with waterlogging 
of shooting range soils and impacts on plant uptake. 
Environmental Pollution, 172, 53–60. https://doi.
org/10.1016/j.envpol.2012.08.010

37. Winkler, J., Dvořák, J., Hosa, J., Martínez Barroso, 
P., & Vaverková, M.D. (2023). Impact of conserva-
tion tillage technologies on the biological relevance 
of weeds. Land 12, 121. https://doi.org/10.3390/
land12010121

38. Zargar, M., Rebouh, N., Pakina, E., Gadzhikurbanov, 
A., Lyashko, M., & Ortskhanov, B. (2017). Impact 
of climate change on cerealproduction in the high-
lands of eastern Algeria. Res. Crop., 18, 575–582. 
https://doi.org/10.5958/2348-7542.2017.00098.5




