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Abstract. The application of modern technologies for cultivating winter wheat in scientifically
grounded crop rotations is increasingly important in the context of climate change. Such practices
enhance its yield and production volumes, ensuring domestic market demands and the stable export
of Ukrainian grain products. The study aimed to identify, synthesise, and systematise scientifically
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Efficient winter wheat cultivation...

validated measures for effectively cultivating winter wheat in high-productivity five-field and ten-field
crop rotations with varying levels of cereal saturation under unstable moisture conditions in the Left-
Bank Forest-Steppe zone of Ukraine. To achieve this goal,a comprehensive system of general scientific
and specialised research methods was employed, including field, laboratory-field, comparative-
calculation, mathematical-statistical, and abstract-logical approaches. It was established that, on
average, during the research period of 2021-2023, the highest winter wheat yield of 6.64 t/ha was
achieved following peas in a five-field crop rotation with 60% cereal saturation and the application
of mineral fertilisers at a rate of N, P, K,, per hectare of arable land. In five-field crop rotations, the
yield of winter wheat following peas increased by 7.1-18.1% compared with perennial grasses, spring
barley, and spring wheat. A high winter wheat yield of 6.44 t/ha was achieved following peas in a
ten-field crop rotation with 80% cereal saturation and the application of mineral fertilisers at a rate
of NP, K, per hectare of arable land. In ten-field crop rotations, the yield increase of winter wheat
following peas compared with annual grasses (vetchoat), soybean, perennial grasses, spring barley,
oilseed radish, and silage maize ranged from 7.5% to 24.4%. The yield increase attributable to mineral
fertiliser application at a rate of N, P, K, per hectare of arable land was 39-60% after peas, 43% after
perennial grasses, and 36-42% after silage maize. The most economically viable option was identified

as the five-field crop rotation with 60% cereal saturation and mineral fertiliser application at a rate

of NP, K

60" 64 64

a profitability level of 151%

per hectare of arable land, yielding the highest net profit of 26.93 thousand UAH/ha and

Keywords: five-field and ten-field crop rotations; cereal saturation; predecessors; mineral fertilisation;

productivity; economic efficiency

Introduction
Winter wheat plays a crucial role in addressing the
grain production challenge, serving as one of the
best predecessors in crop rotations for key agri-
cultural crops such as sugar beet, maize, sunflow-
er, peas, soybean, rapeseed, and potatoes. Conse-
quently, significant attention is directed towards
employing modern cultivation technologies for
winter wheat within scientifically validated crop
rotations. These efforts aim to enhance its yield
and production volumes, increase overall food
reserves and seed security stocks, and meet the
demands of the domestic market while support-

ing the stable export of Ukrainian grain products.

Comprehensive research into an integrated
scientific and technological approach - combin-
ing scientifically grounded measures for culti-
vating high-productivity winter wheat varieties
within different-field crop rotations under un-
stable moisture conditions - has not yet been
fully undertaken. At the same time, individual

agronomic practices highlighted in scientific pub-
lications require optimal coordination. Notably, a
series of studies by Ukrainian researchers provide
valuable insights into the effective cultivation
of cereal crops within short-field crop rotations,
which merits further attention.

For instance, Ye. Yurkevych et al. (2021) in-
vestigated the impact of organic and mineral fer-
tilisers on the yield and quality of cereal crops,
including under the conditions of unstable mois-
ture in Ukraine. The authors highlighted the ef-
fectiveness of combining organic fertilisers (such
as compost and manure) with mineral fertilisers
(nitrogen, phosphorus, and potassium), which en-
hances crop productivity amidst climate change
and supports the sustainable development of agri-
culture. Similarly, V. Ivanina & T. Prokopiuk (2024)
underscored the significance of mineral fertilisers
and micronutrients (manganese and silicon) in
improving soil fertility and increasing grain yield
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and quality, emphasising their advantages for
the sustainable management of soil resources.

The research conducted by B. Mazurenko et
al. (2021) focused on the post-sowing application
of compound fertilisers in the cultivation technol-
ogies of soft winter wheat. Compound fertilisers,
which contain essential macro- and microele-
ments, were shown to improve yields, grain quali-
ty,and disease resistance, demonstrating their ef-
ficacy in enhancing winter wheat productivity.In a
monograph, O. Demydenko et al. (2019) analysed
the effects of crop rotations systems and the use of
plant residues on the fertility of chernozem soils
in the Left-Bank Forest-Steppe zone of Ukraine.
The use of crop residues and green manure crops,
such as alfalfa and peas, was found to enrich the
soil with nutrients, promoting its sustainable de-
velopment and maintaining high productivity.

In her study, N. Kovalenko (2024) examined
innovative technologies for the effective cultiva-
tion of cereal crops,focusing on green manure and
the use of plant residues. The author emphasised
the importance of incorporating green manure
crops, which improve soil structure and enrich it
with nutrients, thereby enhancing crop yields un-
der diverse climatic conditions in Ukraine.

These findings underscore that the use of
organic, mineral,and compound fertilisers, along-
side the utilisation of plant residues and green
manure crops, represents effective strategies for
improving soil fertility and crop productivity in
contemporary agricultural systems.

Romanianresearchers |.Sulea & F.Sala (2022)
highlighted the significance of combined applica-
tions of biodynamic preparations for improving
the physiological parameters and productivity
of winter wheat. Their study demonstrated the
effectiveness of such approaches in alternative
cultivation systems, enhancing plant growth and
yield under challenging agro-climatic conditions.
Similarly, C. lordan et al. (2022) investigated plant
protection systems against diseases and pests in
Romania and other European countries. They con-
firmed that the integrated application of protec-
tion measures is essential for maintaining high
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yields, particularly in the context of increasing
pathogen pressure. Soil tillage methods are an-
other critical aspect for improving winter wheat
cultivation efficiency. Research by I. Prymak et
al. (2023) in Ukraine and M. Nankova & S. Done-
va (2024) in Bulgaria demonstrated the effective-
ness of both conventional and no-till systems in
preserving soil structure and enhancing produc-
tivity. These methods ensure better soil prepara-
tion for sowing and contribute to higher yields by
reducing the adverse effects of erosion and im-
proving conditions for plant root systems.

However, the specific features of integrat-
ing fertilisation systems and crop predecessors
for the efficient cultivation of winter wheat in
high-productivity different-field crop rotations
under the unstable moisture conditions of the
Left-Bank Forest-Steppe zone of Ukraine require
further investigation and analysis.

The study aimed to identify, synthesise, and
systematise scientifically grounded measures
for the efficient cultivation of winter wheat in
high-productivity five-field and ten-field crop
rotations with varying levels of cereal saturation
under the unstable moisture conditions of the
Left-Bank ForestSteppe zone of Ukraine.

Materials and Methods
The research was conducted as part of long-
term stationary experiments at the Cherkasy
State Agricultural Research Station of the Na-
tional Scientific Centre “Institute of Agriculture
of the National Academy of Agrarian Sciences
of Ukraine”. This station is located in the Left-
Bank Forest-Steppe zone of Ukraine, charac-
terised by unstable moisture conditions, and is
situated on typical low-humus, medium loamy
chernozem soils. The study adhered to ethical
standards outlined in the Convention on the
Trade in Endangered Species of Wild Fauna and
Flora (1973) and the Convention on Biologi-
cal Diversity (1992). Between 2021 and 2023,
the research evaluated the efficiency of culti-
vating winter wheat in high-productivity five-
field and ten-field crop rotations with 60-100%
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cereal saturation, including 20-40% winter  application of mineral fertilisers (Table 1, 2). The
wheat and 10-20% spring wheat, depending on  total research area was 27 hectares, with a plot
their arrangement and proportion. This analy-  size of 230 m? for sowing and 100 m? for account-
sis incorporated various predecessors and the ing, and each trial was conducted in triplicate.

Table 1. Structure of sown areas of five-field crop rotations
Structure of sown areas, %

S = Including: = Including: g § =
2 S - > ° [ T 0 [
- 5 g S 5. 8 & &§& ¥
£ 2 55 5§ g & E & 3% 3 £ Tz 3
s ¢ gg g S8 §85 g % 5% % 2 EE &
8§ 53 & =" ¥ gz 2" 3 & <% 3
o n -4 7] g
Application of mineral fertilisers at a rate of N_P_K_ per hectare of arable land
1 80 40 20 - - 20 - - - 20
2 80 40 - 20 - 20 - - - 20 - -
3 80 20 - - 20 40 - - - 20 - -
4 80 20 - - 40 20 - - - - - 20
5 60 60 - - - - - - - - 20 20
6 60 40 - - 20 - - - - - 20 20
Application of mineral fertilisers at a rate of N, P K., per hectare of arable land
7 100 40 - - 20 40 - - - - - -
8 100 40 20 - 20 20 - - - - - -
9 60 40 - - - 20 40 20 20 - - -
10 80 40 - - 20 20 - - - - 20 -
11 100 40 - - - 60 - - - - - -
12 80 20 20 - 20 20 40 20 - - 20 -
Source: developed by the authors
Table 2. Structure of sown areas of ten-field crop rotations
Structure of sown areas, %
g :-_g; Including o Including: s g
= o = . — . ° = <
§ 3 £i£ 5% §85 & 3% &5 3 ¢ EES 3
§ =7 "7 =" I3 & =" g 3 = 5
Without fertiliser application
1 70 30 10 10 20 20 10 10 - 10 -
Application of mineral fertilisers at a rate of N, P, K., per hectare of arable land
2 80 30 - 20 30 20 10 - 10 -
3 60 30 20 - 10 20 10 - 10 10 10
4 90 40 - 20 30 10 - - 10 - -
5 70 20 - 30 20 10 - - 10 - 10
6 70 30 10 10 20 20 10 10 - 10 -
7 60 20 10 10 20 10 10 - - 20 10
8 100 30 10 30 30 - - - - - -
9 70 30 - 10 30 30 10 - 20 - -

Source: developed by the authors
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The weather conditions during the years
of the study were generally favourable for the
growth and development of winter wheat plants.
However, the 2020/2021 and 2021/2022 growing
seasons were characterised by uneven precipi-
tation distribution and excessive drought, which
adversely affected winter wheat yield formation.

The study utilised regionally adapted vari-
eties and hybrids of agricultural crops listed in
the State Register of Plant Varieties Suitable for
Distribution in Ukraine (2024). To achieve the re-
search objectives, a combination of general sci-
entific and specialised methods was employed:
field and laboratory-field methods were applied
to obtain experimental data on the impact of
scientifically justified measures on the efficiency
of cultivating winter wheat in high-productivity
fivefield and ten-field crop rotations with vary-
ing cereal saturation; comparative and compu-
tational methods were used to determine winter
wheat yield, as well as the quantitative indica-
tors of productivity and the economic efficiency
of five-field and ten-field crop rotations; mathe-
matical and statistical methods were employed
to assess the reliability of the research results;
the abstractlogical method facilitated the for-
mulation of conclusions and the development of
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a series of scientifically substantiated measures
for the efficient cultivation of winter wheat in
high-productivity crop rotations under condi-
tions of unstable moisture to ensure Ukraine’s
food security.

Results and Discussion

Over the 2021-2023 study period, it was de-
termined that in five-field crop rotations, pea
was the most effective preceding crop for win-
ter wheat, yielding the highest productivity of
this key strategic crop (Table 3). Specifically, the
maximum vyield of 6.64 t/ha was observed with
the application of mineral fertilisers at a rate of
N,,P..K,, per hectare of arable land in crop rota-
tions with 60% cereal saturation, including 20%
winter wheat and 20% spring wheat (Variant 9).
The application of mineral fertilisers at a rate of
N,,P. K, per hectare of arable land in crop rota-
tions with 80% cereal saturation, also with 20%
winter wheat and 20% spring wheat, resulted in
high yields of 6.33-6.43 t/ha (Variants 2, 4). Oth-
er preceding crops ranked in descending order
of effectiveness were annual grasses (vetch-oat
mixture), spring barley, and spring wheat. Winter
wheat yields following pea cultivation were 7.1-
18.1% higher compared to these alternatives.

Table 3. Winter wheat yield in five-field crop rotations depending
on preceding crops, t/ha, average for 2021-2023

Variant Preceding crop Yield, t/ha
No. 2021 2022 2023 Average
Application of mineral fertilisers at a rate of N ,P_ K., per hectare of arable land
1 Pea 6.52 5.22 6.80 6.18
Spring barley 6.48 424 6.42 5.71
2 Pea 6.64 5.60 6.76 6.33
3 Pea 6.19 5.43 6.62 6.08
4 Pea 6.28 5.24 7.78 6.43
5 Annual grasses (vetch-oat) 6.00 5.10 6.74 5.95
Spring wheat 5.97 4.70 5.64 5.44
6 Annual grasses (vetch-oat) 5.80 4.90 6.30 5.67
Application of mineral fertilisers at a rate of N, P, K, per hectare of arable land
7 Pea 6.42 5.38 6.65 6.15
8 Pea 6.38 5.30 8.11 6.59
9 Pea 6.63 5.30 8.00 6.64
10 Annual grasses (vetch-oat) 6.09 5.02 7.40 6.17
11 Spring wheat 6.70 5.58 712 6.47
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Table 3. Continued

Variant . Yleld, t/ha
Preceding crop
No. 2021 2022 2023 Average
12 Annual grasses (vetch-oat) 5.90 4.67 6.03 5.53
LSD, 0.16 0.15 0.17 -

05

Source: compiled by the authors based on research findings

On average, from 2021 to 2023, the highest
yield of winter wheat in ten-field crop rotations
was obtained following pea cultivation with
the application of mineral fertilisers at a rate
Of N60P60K60
Specifically, the maximum vyield of 6.44 t/ha was

recorded in a crop rotation with 80% cereal sat-

uration, including 30% winter wheat (Variant 2).

Other preceding crops can be ranked in descending

per hectare of arable land (Table 4).

order of effectiveness as follows: annual grasses
(vetch-oat), soybeans, perennial grasses, spring
barley, oilseed radish, and silage maize. Winter
wheat yields following pea cultivation were 7.5-
24.4% higher compared to these alternatives. The
yield increase for winter wheat resulting from the
application of mineral fertilisers was as follows:
after pea — 39-60%, after perennial grasses — 43%,
and after maize for silage - 36-42% (Variants 1, 6).

Table 4. Winter wheat yield in ten-field crop rotations depending
on preceding crops, t/ha, average for 2021-2023

Variant Preceding crop Yield, Vha
No. 2021 2022 2023 2021
Without fertiliser application
Perennial grasses 3.60 3.44 4.63 3.89
1 Pea 3.70 3.56 4.80 4.02
Maize for silage 3.48 3.29 3.96 3.58
Application of mineral fertilisers at a rate of N, P, K. per hectare of arable land

Pea 5.80 5.67 7.86 6.44
2 Pea 5.68 5.13 5.95 5.59
Maize for silage 5.00 4.60 5.51 5.04
Maize for silage 4.90 4.34 5.62 4.95
3 Annual grasses (vetch-oat) 5.40 5.56 6.27 574
Oilseed radish 5.50 4.78 5.48 5.25
Soybeans 5.73 5.29 6.34 5.77
4 Pea 6.20 5.40 6.86 6.15
Maize for silage 4.88 4.45 5.90 5.08
5 Annual grasses (vetch-oat) 5.75 5.20 6.94 5.96
Soybeans 5.87 4.66 6.20 5.58
Perennial grasses 5.49 5.00 6.21 5.57
6 Pea 5.90 5.34 7.04 5.79
Maize for silage 4.80 4.28 5.52 4.87
7 Pea 6.40 5.80 7.02 6.41
Maize for silage 5.10 4.30 5.46 4.95
8 Spring barley 5.54 4.90 5.80 5.41
Pea 6.60 5.48 6.46 6.18
Pea 6.70 5.50 7.03 6.41
9 Pea 6.38 5.20 7.02 6.20
Maize for silage 4.97 4.64 5.40 5.01

LSD 0.15 0.14 0.16 -

05

Source: compiled by the authors based on research findings
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The differences in weather conditions dur-
ing the growing season of winter wheat in the
years of the study influenced its yield, both in
five-field and ten-field crop rotations. The impact
of uneven precipitation distribution and drought
conditions in 2021 and 2022 led to a decrease in
the yield of winter wheat following all preceding
crops. The most unstable data were observed in
2022, when, in the five-field crop rotations, the
lowest winter wheat yield was recorded with
the application of mineral fertilisers at a rate of
N,,P.K,, per hectare of arable land following
spring barley - 4.24 t/ha. In the ten-field crop
rotations, the lowest yield was observed with
the application of mineral fertilisers at a rate of
N,,P¢oKqo PEr hectare of arable land following si-
lage maize - 4.284.64 t/ha. Due to the lack of
moisture in 2021, the combined effect of agro-
nomic measures was generally significant, lead-
ing to an increase in the yield of winter wheat
compared to 2022. In the favourable weather
conditions of 2023, the yield of winter wheat
was significantly higher compared to 2021. The
greatest increase in yield was observed in all
variants where peas were used as the preceding
crop. Specifically, the highest yield of 8.11 t/ha
was achieved by increasing the mineral fertiliser
application rate to NP, K,, per hectare of ara-
ble land in a five-field crop rotation with 100%
saturation of cereal crops, including 20% winter
and spring wheat. With the application of min-
eral fertilisers at a rate of NP, K., per hectare
of arable land in a ten-field crop rotation with
80% cereal crop saturation, including 30% winter
wheat, the maximum yield of 7.86 t/ha was ob-
tained. Therefore, the impact of preceding crops,
the placement and ratio of cereal crops, and fer-
tilisation in five-field and ten-field crop rotations
with 60-100% cereal crop saturation, including
20-40% winter wheat and 10-20% spring wheat,
on the yield of winter wheat is limited by both
temperature and moisture conditions.

On average, from 2021 to 2023, the applica-
tion of mineral fertilisers at a rate of N_,P_ K, per

52" 56 56
hectare of arable land in a five-field crop rotation
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with 80% cereal crop saturation, including 40%
maize for grain, 20% winter wheat, 20% peas,
and 20% oilseed radish (Variant 4), contributed
to the highest productivity indicators: grain yield
of 7.22 t/ha; grain harvest of 5.78 t/ha, includ-
ing 4.49 t/ha of fodder; 10.47 t/ha of feed units;
0.77 t/ha of digestible protein, alongside high
winter wheat yield of 6.43 t/ha (Fig. 1). This crop
rotation resulted in a reduction of grain produc-
tion costs to 3.36 thousand UAH/t; feed unit costs
to 1.85 thousand UAH/t, while achieving a high
net profit of 22.82 thousand UAH/ha and a profit-
ability level of 123% (Fig. 2).

With the application of mineral fertilisers
at a rate of N, P, K,, per hectare of arable land,
the best results were observed in a five-field crop
rotation with 80% cereal crop saturation, includ-
ing 20% winter wheat, 20% spring wheat, 20%
soybeans, 20% maize for grain, and 20% annual
grasses (Variant 10). This crop rotation achieved
the highest productivity indicators: grain yield of
6.69 t/ha; feed units of 8.71 t/ha; digestible pro-
tein of 0.75 t/ha, alongside a high winter wheat
yield of 6.17 t/ha; grain harvest of 4.20 t/ha,
including 2.13 t/ha of food-grade grain and
2.07 t/ha of fodder. This crop rotation ensured
a high net profit of 21.92 thousand UAH/ha and
a profitability level of 125%. The most econom-
ically advantageous crop rotation was one with
60% cereal crop saturation, including 20% win-
ter wheat, 20% spring wheat, 20% peas, and 20%
sunflowers and maize for silage, which resulted in
the highest net profit of 26.93 thousand UAH/ha
and a profitability level of 151% (Variant 9).

On average, between 2021 and 2023, the
application of mineral fertilisers at a rate of
NoPeoKe, PEr hectare of arable land in a ten-
field crop rotation with 70% cereal crop sat-
uration, including 30% maize for grain, 20%
winter wheat, 20% soybeans, and 10% sun-
flowers, oilseed radish, and annual grass-
es (Variant 5), contributed to achieving the
highest productivity indicators: grain yield
of 7.44 t/ha; digestible protein of 0.77 t/ha
with a high winter wheat yield of 5.77 t/ha;

Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2024. Vol. 20, No. 6



Y.

Efficient winter wheat cultivation...

feed units of 8.54 t/ha; grain harvest of 3.92 t/ha, to 4.99 thousand UAH/t; cost of feed unit to
including 1.15 t/ha of food-gradegrainand 2.77t/  2.29 thousand UAH/t, while ensuring a high net
ha of fodder (Fig. 3). This crop rotation resulted  profit of 22.97 thousand UAH/ha and a profita-
in a reduction in the cost of grain production  bility level of 124% (Fig. 4).

12 10.47 Grain
10 . 819 854 8.42 871 8.3 harvest
g 669 g3 57 6.54 . 6.51 5.86 u Feed
6 40 38 : 4. units
A 3.7 3, 31 . 3. 29 9 3. o
m Digestible
2 57 0l62 1 78 59 2 9 4 Ole4 0175 0471 72 protein
0
1 2 3 4 9 10 11 12

Variant of five-field crop rotation

Figure 1. Productivity of five-field crop rotations depending

on cereal crop saturation, t/ha, average for 2021-2023
Source: compiled by the authors based on research findings

160
140

151
123 125 128
117 117
112 113 :
100 thousand
UAH/ha
8
6 m Profitability
level, %
40 14.98) 15.51] 1938 22.82] 18.64§ 205 19.8 | 16, 26934 21.921 17 gall 21.
2
1 2 3 4 9 10 11 12

Variant of five-field crop rotation

o O O o o

Figure 2. Economic efficiency of five-field crop rotations depending

on cereal crop saturation, average for 2021-2023
Source: compiled by the authors based on research findings

9.54 9.88 ,
9.07 Grain
10 8.36 8.54 8.29 !
o 7.44 743  VYield
5.65 5.79 6.13 2| s = Grain
6 417 4.73 3lon 1 s harvest
units
2 7 69 69 69 2
m Digestible
0 5 6 7 8 9 protein

Varlant of ten-field crop rotation

Figure 3. Productivity of ten-field crop rotations depending

on cereal crop saturation, t/ha, average for 2021-2023
Source: compiled by the authors based on research findings
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Figure 4. Economic efficiency of ten-field crop rotations depending

on cereal crop saturation, average for 2021-2023
Source: compiled by the authors based on research findings

In a ten-field crop rotation with 60% cereal
crop saturation, including 20% winter wheat, the
use of two fields of perennial grasses and maize
for silage resulted in the lowest cost of feed
units - 2.01 thousand UAH/t, which provided the
highest net profit of 24.11 thousand UAH/ha and
a profitability level of 145% (Variant 7).

The increase in productivity and economic
efficiency due to the application of mineral fer-
tilisers was as follows: cereal crop yield - 26%;
grain harvest - 27%, including food-grade grain -
30%, fodder — 23%; feed units - 49%; digestible
protein - 29%; net profit - 39%; and profitability
level - 26% (Variants 1, 6).

Based on the conducted research, it has been
proven that the application of mineral fertilisers
at rates of N, . P., . K. ., per hectare of arable
land in five-field and ten-field crop rotations with
6080% cereal crop saturation ensures the highest
winter wheat yield, productivity, and economic
efficiency when using a leguminous predecessor.

Other researchers have also conduct-
ed similar studies. For instance, according to
S. Kudria (2020), the effectiveness of using legu-
minous predecessors for winter wheat is fully con-
firmed, resulting in increased yields and produc-
tivity indicators in short-rotation four-field crop
rotations. The results of the current research also
align with the findings of I. Prymak et al. (2022),
highlight the high productivity, economic, and en-
ergy efficiency of using organo-mineral fertilisers
and differentiated soil cultivation when growing
winter wheat after leguminous predecessors in
short-field crop rotations. Specifically, the high-
est economic and energy efficiency indicators

were achieved with the annual application of 12
tonnes of manure and N,P, K., per hectare of
arable land. To improve biodiversity, the authors
recommend including 20% white mustard as a
green manure crop in five-field crop rotations.

Researchers M. Tkachenko et al. (2023) con-
firm the effectiveness of using leguminous pre-
decessors for winter wheat in long-field crop
rotations and the application of green manures
and post-harvest residues alongside mineral fer-
tilisers, as well as liming. They have demonstrat-
ed that the use of these technological practices
contributes to an increase in productivity indi-
cators of seven-field crop rotations by 1.2-2.5 t/
ha annually. The effectiveness of growing winter
wheat after leguminous crops in crop rotations
with the application of mineral fertilisers and mi-
cronutrients (manganese and silicon) is examined
by V. lvanina & T. Prokopiuk (2024). The authors
found that the highest yields and grain quality of
winter wheat were achieved with the application
of P, K., before ploughing, ammonium sulphate
N,, on frozen soil, and two foliar applications of
urea in the phases of formation of the tube and
earing (N, +N, ), combined with manganese and
silicon micronutrients.

Significant attention is devoted to the de-
velopment and use of modern winter wheat va-
rieties with high genetic productivity potential
and resistance to adverse factors. These varieties,
which have been obtained through genetic im-
provement and the implementation of innovative
breeding methods, possess enhanced character-
istics that enable them to be effectively cultivat-
ed under changing climatic conditions, ensuring
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stability and high-quality yields. For example, re-
search conducted in Ukraine (Morhun et al., 2022;
Vakulenko et al., 2024) confirms that modern
Ukrainian varieties exhibit increased drought
resistance and can withstand significant temper-
ature fluctuations, which is particularly impor-
tant in the context of climate change. They also
demonstrate good resistance to diseases, particu-
larly brown rust and fusarium head blight, which
significantly reduces the need for chemical pro-
tection measures.

In Bulgaria, the research by E. Dimitrov et
al. (2022) focuses on the adaptation of local vari-
eties to the specific regional climate, particularly
the drought conditions observed in recent years.
The authors found that the new varieties demon-
strate stable productivity, maintaining high grain
quality even under reduced moisture conditions,
making them attractive for dissemination in other
regions with similar climatic conditions.

Egyptian scientists H. Elsayed et al. (2022)
also studied the productivity of winter wheat va-
rieties, taking into account the challenges posed
by high temperatures and limited water resourc-
es. They noted that new varieties, characterised
by increased drought tolerance and the ability
to efficiently utilise moisture, show promise for
large-scale implementation. This is particularly
important for countries with arid climates, where
the rational use of water resources is a key factor
in ensuring food security.

Thus, modern winter wheat varieties that
have been adapted to extreme weather condi-
tions show great potential for further dissem-
ination in global agriculture. Their use not only
enhances productivity and grain quality but also
reduces dependence on agrochemicals, contribut-
ing to the development of resilient and environ-
mentally sustainable agroecosystems. These vari-
eties are strategically important for ensuring food
security in the context of climate change and the
growing demand for food.

Overall, the findings of current research
align with those of O. Tonkha et al. (2024), who
established the effectiveness of mineral fertiliser

application in winter wheat cultivation with-
in short-rotation five-field crop rotations. Their
study revealed that the highest winter wheat
yield was achieved with optimal mineral fertiliser
application at a rate of Ny, P, K, per hectare of ar-
able land, which, alongside the residual effects of
organic fertilisers, helped preserve soil resources
and prevent potential soil contamination. Specifi-
cally, this organo-mineral fertilisation system en-
sured the maximum content of available phospho-
rus, which ranged from 4.8 to 8.5 mg/100 g of soil.

Key aspects of the issue, particularly the
pre-sowing application of complex fertilisers to
optimise the parameters for wheat yield and grain
quality in winter wheat cultivated in a short-field
crop rotation after a legume predecessor, were
discussed by B. Mazurenko et al. (2021). The cur-
rent study established the optimal parameters
and patterns for the formation of yield structure
components of winter wheat depending on the
fertiliser formulation DuraSOP: the number of
productive stems, grains per ear, grain weight per
ear, and the 1,000-grain weight.

M. Nankova & S. Doneva (2024) determined
that the yield and grain quality of winter wheat
in short-field crop rotations are most influenced
by the application of soil cultivation systems.
Specifically, the highest yield of winter wheat
in a four-field crop rotation was achieved with
the implementation of a soil tillage system that
included conventional deep ploughing at 24-
26 cm for spring crops and disking at 10-12 cm
for winter wheat, which showed a 6.4% increase
compared to the continuous use of conventional
deep ploughing. The current study revealed that
interrupting annual conventional deep ploughing
with disking or a No-till system for winter wheat
in a four-field crop rotation resulted in the high-
est output of crude protein.

Thus, addressing the issue of effectively cul-
tivating winter wheat in high-productivity crop
rotations with varying cycles is both highly rele-
vant and complex. The role of predecessors, fertil-
isation systems, and soil cultivation in increasing
winter wheat yield is indisputable, but it is also
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crucial to establish the effectiveness of different
placement and ratios of cereal crops in crop rota-
tions concerning climate change. The conducted
research revealed the impact of various prede-
cessors and fertilisation systems on the yield of
winter wheat, productivity,and economic efficien-
cy in five-field and ten-field crop rotations with
different levels of cereal crop saturation under
conditions of unstable moisture.

Conclusions
It was found that, on average, from 2021 to 2023,
the highest winter wheat yield was achieved af-
ter peas: in a five-field crop rotation with 60%
cereal crop saturation, including 20% winter and
spring wheat, and the application of mineral fer-
tilisers at a rate of N, P, K., per hectare of arable
land - 6.64 t/ha; in a ten-field crop rotation with
80% cereal crop saturation, including 30% winter
wheat, and the application of mineral fertilisers
at a rate of N, P, K, per hectare of arable land -
6.44 t/ha. The increase in winter wheat yield was:
after peas, compared to other predecessors, in
five-field crop rotations - 7.1-18.1%, in ten-field
crop rotations - 7.5-24.4%; from the application
of mineral fertilisers at a rate of N, P, K, per hec-
tare of arable land in ten-field crop rotations after

Boiko et al.

wheat and peas, and 20% oilseed radish, with
the application of mineral fertilisers at a rate of
N,,P.K., per hectare of arable land; 20% winter
and spring wheat, soybeans, and maize for grain,
as well as 20% annual grasses, with the applica-
tion of mineral fertilisers at a rate of N, P, K., per
hectare of arable land. In a ten-field crop rotation
with 70% cereal crop saturation, including 30%
maize for grain, 20% winter wheat and soybeans,
and 10% sunflowers, oilseed radish, and annual
grasses, the application of mineral fertilisers at
a rate of N, P, K, per hectare of arable land was
optimal. The highest net profit - 26.93 thousand
UAH/ha, and a profitability level of 151% were
achieved in a five-field crop rotation with 60% ce-
real crop saturation, including 20% winter wheat,
spring wheat, and peas, as well as 20% sunflow-
ers and maize for silage, with the application of
mineral fertilisers at a rate of N, P, K, per hec-
tare of arable land.

Further research should focus on determin-
ing the effectiveness of growing cereal crops in
high-productivity different-field crop rotations,
depending on fertilisation systems, soil treat-
ment, and predecessors, based on the assessment

of productivity, economic, and energy efficiency.

peas - 39-60%, after perennial grasses — 43%, af- Acknowledgements
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AHoTaUif. Y 383Ky 3i 3MiHaMM KNniMaTy BaroMoro 3HayeHHs HabyBa€ 3aCTOCYBaHHS Cy4YaCHUX TEXHOJOTi i
BMPOLLYBAHHS MWEHWL| 03MMOI Yy HAYKOBO OBIPYHTOBAHMX CiBO3MiHaX, WO CNPUATUME MiABULLEHHIO i
YypOXanHOCTi Ta 06cariB BUpoOHMLTBA Ta 3abe3neyyBaTiMe NoTpebu BHYTPILLHBOrO PUHKY i CTabinbHOro
€KCMOopTy YKPaiHCbKOi 3epHOBOI NpoayKLii. MeTolo AocnifixeHHs 6yno BCTaHOBNEHHS, y3araibHeHHs Ta
cMcTeMaTM3auia HaykoBO OBrPYHTOBAHMX 3ax0AiB ANs edheKTMBHOIO BMUPOLLYBAHHS MWEHULi 03UMOi Y
BMCOKOMPOAYKTUBHUX MATUMINIBHUX Ta AECATUNINbHUX CiBO3MiHax 3 Pi3HUM HACMYEHHSM 3EepPHOBUMMU
KyNbTypaMu B yMOBaX HeCTiMKOro 3BosioxkeHHs JliBobepexHoro Jlicocteny YkpaiHu. [0ng LOCATHEHHS
MEeTU BUKOPUCTOBYBANIM CUCTEMY 3araflbHOHAYKOBMX Ta CreLiaNbHUX METOAIB AOCNIAKEHHS: NOMbOBUA,
NabopaTopHO-MO/bOBUIA, MOPIBHSIbHO-PO3PaXYHKOBMUIA, MaTEMaTUYHO-CTaTUCTUYHUI Ta abCTPaKTHO-
noriyHmit. BctaHoBneHo, wo y cepenHboMy 3a 2021-2023 pp. BMKOHaHHA AOCNIOKEHb, HaMBULLY
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YPOXAMHICTb NWEHULi 03UMOI, IKa CTaHoBWUNA 6,64 T/ra, OTpUManu Nicnsa ropoxy y MaTUNiNbHiN CiBO3MiHi
3 60 % HacMYeHHAM 3epHOBUMM Ky/IbTYpaMu Ta BHECEHHAM MiHepaibHux Ao6pwme y HopMi N, P, K., Ha 1
ra pinni. Y maTuninbHMX CiBO3MiHaxX NpUpICT YpOXKaiHOCTI NWeHML 03MMOI Nics ropoxy Y NOPIBHSHHI 3
TpaBaMu 6araTopiyHUMK, SYMEHEM SpUM Ta MNLIEHULEI apoto cTaHoBUB 7,1-18,1 %. Bucoky ypoxalHictb
MweHnLi 03MMOi, fiKa cTaHoBuna 6,44 T/ra, oTpUManu nicns ropoxy B AeCSTUNINbHIN ciBo3MiHi 3 80 %
coPsoleo Ha 1 ra
pinni. Y AecatMninbHUX CiBO3MiHaxX MpUPICT YPOXKAMHOCTI MLWEHMUL 03UMMOI NiCS ropoxy Y NOPIBHAHHI 3
TpaBaMM OLHOPIYHUMM (BUKO-OBEC), COEID, TPaBaMM HAraTopiyHMMmU, SUMEHEM SPUM, PEALKOLO ONiHOI,
KYKYPYA30H Ha CMNOC CTAaHOBWMB 7,5-24,4 %; npupicT ypOXaWHOCTI MIWEHMLi 03MMOI Bif, BHECEHHS
MiHepanbHux Aobpue y HopMi N, P, K, Ha 1 ra pinni cknas: nicna ropoxy - 39-60 %, nicns Tpas
6aratopiyHunx — 43 %, nicns Kykypyasu Ha cunoc - 36-42 %. Haibinblu eKOHOMIYHO BUTiAHO BiA3HaYeHO

HAaCMYEHHAM 3EPHOBMMU KYNbTYPaMu Ta BHECEHHSIM MiHepanbHUX [06puB y HopMi N

MATUNINbHY CiBO3MiHY i3 60 % HacMYeHHAM 3epHOBMMM Ky/IbTYypaMu Ta BHECEHHSM MiHepanbHWX f0OpuB
y HopMi N, P, K, Ha 1 ra pinni, ie oTpMManu HaiBULWMIA YMOBHO YMCTUI NPUBYTOK — 26,93 TUC. FPH/Ta |
piBeHb peHTabenbHocTi — 151 %

KnioyoBi cnoea: matuninbHi Ta [OecATMNiNbHI  CiIBO3MiHM; HACMYEHHS 3€PHOBMMM  KYNbTypaMu;
ronepeaHUKK; MiHepanbHe yA0OPEHHS; MPOAYKTUBHICTb; EKOHOMIYHA e(DEKTUBHICTD
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