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growth and development characteristics of the Estafeta Myronivska, Dovira Odeska, and Akhim winter wheat
varieties sown at different dates (September 20, October 5, October 20) were investigated. It was found that grain
yield and individual productivity indicators of the studied winter wheat varieties varied depending on sowing dates,
mineral fertilizer doses, foliar feeding, and varietal traits. The highest individual plant productivity indicators were
achieved by the Estafeta Myronivska, Dovira Odeska, and Akhim varieties sown on October 5 with mineral fertiliser
application N, P, K. (including N, P, K. applied during cultivation, N,, after soil thawing, N, (in the BBCH 29-30
growth stage), N, (BBCH 55-57) with dual application of micronutrients (Aidamin-complex foliar feeding).As a result
of the studied factors, an increase in the number of productive stems, grains per stem, and grain weight per spike
was observed. The highest grain yield among the studied varieties was achieved by the Estafeta Myronivska variety
(5.65 t/ha) when sown on October 5 with N, P, K. and Aidamin-complex foliar feeding. The research results can be
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used to adjust the cultivation techniques of winter wheat in production conditions to increase yield and grain quality
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INTRODUCTION

An essential aspect of introducing new varieties of win-
ter wheat into production is the improvement of ex-
isting cultivation techniques. In the current context of
global warming and climate change, it is particularly
important to justify and develop measures to mitigate
the negative impact of changing temperature regimes
and soil moisture deficits. According to L. Wilson et al.
(2021), since the beginning of the 20th century, the av-
erage annual air temperature has increased by 2.0 de-
grees, including 1.2 degrees since the 1990s. Climate
change, according to O. Tarariko et al. (2022), observed
in recent decades, the extension of the autumn vege-
tation period, the increase in winter temperatures, and
the reduction of the spring period, prompt the need to
adjust cultivation techniques for agricultural crops, in-
cluding reviewing sowing dates, which directly affect
the growth, development, winter survival, yield, and
grain quality of winter wheat plants.

B.Bliznyuk et al. (2019) described how sowing dates
in various soil-climatic zones differ and significantly
depend on weather conditions, soil moisture reserves,
predecessors, and other factors. Only by sowing at opti-
mal dates is it possible to achieve high grain yield and
corresponding quality.

Several researchers, including U. Madhu et al. (2018)
and A.Siroshtan et al. (2021), highlighted the influence of
sowing dates and predecessors on the yield and certain
quality indicators of winter wheat grain in their studies.
S. Poltoretskyi et al. (2020) indicate the trend of shift-
ing optimal sowing dates for winter wheat to later peri-
ods due to the rise in autumn temperatures. According
to V. Petrychenko & O. Korniychuk (2018) note that the
warming of the first half of November amounts to 1.8°C,
significantly reducing the impact of late sowing dates
on plant winter survival and yield formation, allows for
the extension of acceptable sowing dates to later peri-
ods. I. Yarchuk & T.Melnyk (2018) similarly mention the
1.8°C warming in the first half of November, weakening
the influence of late sowing dates on plant winter sur-
vival and yield formation, also permits the shift of ac-
ceptable sowing dates to later periods. Specifically, the
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shift of winter wheat sowing dates towards later periods
is indicated by O.L. Ulich (2018): by 30 days compared to
sowing dates in the 1950s, and by 10 days in the 1990s.

Equally important is the question of intensifying
grain production by fully reaching the genetic potential
of winter wheat varieties through the use of macro-and
micronutrients that stimulate their growth and devel-
opment. Agrotechnical measures should aim to create
optimal conditions for ensuring high yields in agroeco-
systems. In particular, O. Markovska & T. Grechishkina
(2020) highlighted the effectiveness of nitrogen fertil-
isation and foliar micronutrient application.

Correctly determined winter cereal sowing dates
are among the most important conditions for increas-
ing yields and reducing grain production costs, which
directly influence yield indicators. Therefore, the pur-
pose of this study is to determine the characteristics
of productivity and yield formation elements of winter
wheat varieties under the influence of mineral fertilis-
ation and foliar micronutrient application at different
sowing dates.

MATERIALS AND METHODS

The study was conducted during 2021-2022 in the
fields of the Institute of Agriculture of the Carpathian
Region of the National Academy of Agrarian Sciences of
Ukraine on grey forest surface-eroded loamy soil with
the following agrochemical properties (prior to the ex-
periment initiation): humus (according to Tyurin) - 1.97-
2.2%, pH (soil extract) - 4.8-5.2, labile nitrogen - 99.0-
114.2 mg/kg soil (determined by the Cornfield method
according to DSTU 7863:2015 (2015)), available phos-
phorus and exchangeable potassium - 95.2-101.1 and
107.1-112.0 mg/kg soil, respectively (analyzed by the
Kirzanov method according to DSTU 4405:2005 (2005)).

Factor A - Varieties:

1. Estafeta Myronivska; 2. Dovira Odeska; 3. Akhim;

Factor B - Sowing Dates: 1.20.09; 2.05.10; 3. 20.10.

Factor C - Fertilisation:

1N P, K, (N, P, K, under cultivation + N, (BBCH

60" 60 60 30" 60" "60

29-30);




2.N,,PyoKyo (N, P Ko, under cultivation + N,, - on
permafrost soil + N, (BBCH 29-30) + N, (BBCH 55-57);

3.N,,0PooKqo (N5,PyoKy, (under cultivation) + N, (on
permafrost soil) + N, and Aidamin complex foliar fertil-
isation (1.0 l/ha) (BBCH 29-30) + N,, and Aidamin com-
plex foliar fertilisation (1.0 l/ha.) (BBCH 55-57).

Sowing area of the plot - 40.8 m?, accounting -
25 m?, with a repetition of 4 times. Predecessor: oat for
green manure. Mineral fertilisers were applied accord-
ing to the experimental scheme. Micronutrient fertil-
iser used: concentrated chelate Aidamin complex foliar
fertilisation. Plant protection measures: seed treatment
with Vitavax 200 FF, 34% active substance concentration
(3.0 l/ton), weed control (herbicide — Grodil Maxi, 37.5%
active substance concentration (0.09-0.11 I/ha)), disease
control (fungicide Alto-Super, 0.5 |/ha), pest control (in-
secticide Karate, 0.2 l/ha), considering EDT (economic
damage threshold). Field experiments were conducted
according to V. Ushkarenko et al. (2019). Harvesting was
done using the “Sampo-130” combined with subsequent

adjustment to standard (14%) grain moisture content.

Statistical analysis of the results was conducted using
the “Statistica 6.0” and “Excel 2003” software.

Experimental plant research (both cultivated and
wild species), including plant material collection, ad-
hered to institutional, national, or international ethical
principles. The authors followed the standards of the
Convention on Biological Diversity (1992) and the Con-
vention on International Trade in Endangered Species
of Wild Fauna and Flora (1979).
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RESULTS AND DISCUSSION

The effectiveness of the technological elements is pri-
marily determined based on the productivity and yield
indicators of winter wheat. These indicators compre-
hensively reflect the impact of growing conditions on
the individual growth and development processes of
the plants. The sowing dates and the fertiliser appli-
cation system throughout the winter wheat’s growing
period play a crucial role in the system of agronomic
cultivation practices. They directly influence the course
of vegetation, overwintering, and the specific formation
of plant productivity.

The research results show that sowing dates and
the application of mineral fertilisers and foliar microele-
ment fertilisation significantly influence the formation of
individual productivity of winter wheat (Table 1).In 2021,
the varieties “Estafeta Myronivska” and “Dovira Odeska”
formed the highest number of productive stems during
the second sowing period, with an average of 536 and
532 stems/m’, respectively. The “Akhim” variety formed an
average of 471 stems/m? during the sowing on Septem-
ber 20th. During this sowing period, the maximum bio-
logical yield of varieties was also formed: “Estafeta My-
ronivska” averaged 7.27 t/ha, “Dovira Odeska” - 6.34 t/ha,
and ‘Akhim”- 6.27 t/ha. Sowing 15 days earlier than the
specified date (20.09) resulted in a reduction in biolog-
ical yield compared to the maximum values: “Estafeta
Myronivska” had an average reduction of 1.27 t/ha, “Do-
vira Odeska” - 0.83 t/ha, and “Akhim” - 0.09 t/ha. Later
sowing dates (20.10) led to a decrease in this indicator
by 1.99,0.82,and 1.0 t/ha, respectively.

Table 1. Yield structure and biological yield of winter wheat depending on sowing dates and fertilization, 2021-2022

Elements of the crop structure

109

Biological
Var.No. product quantity, stems, pcs. number of grains in an ear, pcs. grain weight of 1 ear, g yield, t/ha
2021 2022 Avg. 2021 2022 Avg. 2021 2022 Avg. 2021 2022 Avg.
1 2 3 4 5 6 7 8 9 10 11 12 13
Estafeta Myronivska Variety (sowing period )
1 418 460 439 31.5 30.24 30.9 1.23 1.20 1.22 5.14 5.52 5.33
2 488 514 501 32.6 31.60 32.1 1.30 1.28 1.29 6.34 6.58 6.46
3 480 519 500 33.3 32.90 33.1 1.36 1.34 1.35 6.53 6.89 6.71
Avg. 462 498 480 31.97 31.58 32.03 1.30 1.27 1.29 6.0 6.33 6.17
Estafeta Myronivska Variety (sowing period )
1 532 450 491 33.2 33.6 33.4 1.28 1.27 1.28 6.81 5.69 6.25
2 540 520 530 34.4 34.6 34.5 1.38 1.39 1.39 745 7.23 734
3 536 528 532 34.9 34.9 34.9 141 1.40 141 7.56 7.39 748
Avg. 536 499 518 34.2 34.4 34.3 1.36 1.35 1.36 727 6.77 7.02
Estafeta Myronivska Variety (sowing period Il1)
1 413 450 432 30.3 33.3 31.8 1.13 1.25 1.19 4.67 5.62 5.14
2 469 494 482 33.6 34.2 33.8 1.27 1.37 1.32 5.95 6.77 6.36
3 471 502 487 34.2 34.6 34.4 1.30 1.38 1.34 6.12 6.93 6.53
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Table 1, Continued

Elements of the crop structure

Biological
Var.No. product quantity, stems, pcs. number of grains in an ear, pcs. grain weight of 1 ear, g yield,gt/ ha
2021 2022 Avg. 2021 2022 Avg. 2021 2022 Avg. 2021 2022 Avg.
Avg. 451 482 467 32.7 34.0 333 1.23 1.33 1.28 5.58 6.44 6.01
Dovira Odeska Variety (sowing period 1)
1 547 445 496 251 27.35 26.3 0.91 1.00 0.96 498 4.45 472
2 518 475 497 28.8 29.20 29.0 1.10 1.12 111 5.70 5.32 5.51
3 495 490 493 30.2 30.04 30.1 1.18 1.13 1.16 5.84 5.54 5.69
Avg. 520 470 495 28.03 28.9 28.5 1.06 1.08 1.08 5.51 5.10 5.31
Dovira Odeska Variety (sowing period Il)
1 508 485 497 30.7 30.02 30.4 1.19 1.04 1.12 5.90 5.04 5.47
2 553 518 536 30.9 30.78 30.8 1.20 1.17 1.19 6.52 6.06 6.29
3 537 534 536 31.6 30.98 311 1.25 1.18 1.22 6.61 6.30 6.46
Avg. 532 512 523 311 30.6 30.8 1.21 1.13 1.18 6.34 5.80 6.07
Dovira Odeska Variety (sowing period Il1)
1 426 426 426 29.7 31.16 30.4 1.12 1.00 1.06 477 4.26 452
2 493 454 474 30.4 3241 314 1.18 1.20 1.19 5.82 5.45 5.64
3 489 465 477 314 32.80 32.1 1.22 1.25 1.24 5.96 5.81 5.89
Avg. 469 448 459 30.5 321 313 1.17 1.15 1.16 5.52 5.17 5.35
Akhim Variety (sowing period I)
1 446 449 448 35.1 33.48 343 1.27 1.07 1.17 5.66 4.80 5.23
2 474 475 475 35.4 35.64 35.5 1.31 1.23 1.27 6.21 5.86 6.04
3 494 482 488 35.9 35.80 35.9 1.35 1.27 1.31 6.67 6.12 6.40
Avg. 471 469 470 35.47 35.0 35.2 1.31 1.19 1.25 6.18 5.59 5.89
Akhim Variety (sowing period 1)
1 412 451 432 34.6 34.0 343 1.29 1.20 1.25 5.51 5.40 5.46
2 441 510 476 36.2 35.08 35.7 1.42 1.28 1.35 6.55 6.53 6.54
3 449 514 482 36.8 35.12 36.0 1.48 1.30 1.39 6.76 6.68 6.72
Avg. 434 492 463 35.87 34.7 35.3 1.4 1.26 1.33 6.27 6.20 6.24
Akhim Variety (sowing period IIl)
1 373 441 407 333 34.00 33.7 1.15 1.10 1.13 4.47 4.85 4.66
2 406 474 440 374 35.00 36.2 1.37 1.27 1.32 5.60 6.02 5.81
3 410 480 445 37.9 36.02 37.0 141 1.30 1.36 5.74 6.24 5.99
Avg. 396 465 431 36.2 35.0 35.6 1.33 1.22 1.27 5.27 5.70 5.49

Source: compiled by the authors

In 2022, the highest number of grains per spike
was observed in the “‘Akhim” variety, averaging 34.7-
35.0 grains, followed by “Estafeta Myronivska” with
31.58-34.4 grains, and “Dovira Odeska” with 28.9-
32.1 grains. In terms of grain weight per spike, the
“Estafeta Myronivska” variety stood out with weights
of 1.27-1.35 g. The “Akhim” variety had grain weights
of 1.19-1.26 g per spike, while “Dovira Odeska” had
grain weights of 1.08-1.15 g. Among the studied va-
rieties, the highest biological yield was achieved by
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the “Estafeta Myronivska” variety sown on October
5th, 2021, with N_, P, K/ fertiliser and foliar microe-
lement fertilization (7.48 t/ha).

Across all experimental variants, regardless of sow-
ing dates, there was an increase in the structural yield
indicators (number of grains per spike, grain weight per
spike) and grain quality due to the application of min-
eral fertiliser at a rate of N, P, K, and foliar microe-
lement fertilisation during the IV and VIl stages of or-

ganogenesis. According to the research results, among
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all the varieties, the highest yield in 2021 was achieved  fertilisation to N , P, K, resulted in a significant yield

by sowing the “Estafeta Myronivska” variety on October increase of 1.3 t/ha compared to the control, and the
5th (Table 2). The grain yield for the N_ P, K, fertiliser  use of the "Aidamin” complex fertiliser led to a yield in-
treatment was 4.45 t/ha. Increasing the rate of mineral  crease of 0.25 t/ha.

Table 2. Winter wheat yield depending on sowing dates, varieties, and nutrient backgrounds, 2021-2022, t/ha

Variant Yield, t/ha Increase from fertiliser, t/ha Increase from microfertilisers, t/ha
2021 2022 Avg. 2021 2022 Avg. 2021 2022 Avg.
1 2 3 4 5 6 7 8 9 10
Estafeta Myronivska Variety (sowing period I)
NPk 4.09 4.00 4.05 - - - - - -
N,oPooKeo 5.04 5.03 5.04 0.95 1.03 0.99 - - -
N, ,oPsoKy, + Aidamin 5.26 5.27 5.27 1.17 1.27 1.22 0.22 0.24 0.23
Average 4.8 4.77 4.79
Estafeta Myronivska Variety (sowing period )
NoPsoKeo 4.45 4.32 4.39 - - - - - -
N1,0PsoKso 5.75 5.54 5.65 13 1.22 1.26 - - -
N,,0PsoKgo + Aidamin 6.0 5.65 5.83 1.55 1.33 1.44 0.25 0.11 0.18
Average 5.42 5.17 5.29
Estafeta Myronivska Variety (sowing period Il1)
NoPooKeo 3.75 4.15 3.95 - - - - - -
N1,0PsoKso 4.76 5.18 4.97 1.01 1.03 1.02 - - -
N,,0PsKgo + Aidamin 4.93 5.30 5.12 1.18 1.15 1.17 0.17 0.12 0.15
Average 4.48 4.88 4.68
Dovira Odeska Variety (sowing period 1)
NeoPeoKeo 3.56 3.23 3.40 - - - - - -
N,oPooKeo 4.51 4.07 4.29 0.95 0.84 0.90 - - -
N, ,oPooKy, + Aidamin 4.68 4.24 4.46 1.12 1.01 1.07 0.17 0.17 0.17
Average 4.25 3.85 4.05
Dovira Odeska Variety (sowing period Il)
NeoPeoKe 4.36 3.79 4.08 - - - - - -
N,oPooKeo 5.35 4.81 5.08 0.99 1.02 1.01 - - -
N, ,oPooKy, + Aidamin 5.47 4.92 5.20 111 1.13 1.12 0.12 0.11 0.12
Average 5.06 451 4.79
Dovira Odeska Variety (sowing period Il1)
NeoPeoKeo 3.47 3.26 3.37 - - - - - -
N,oPooKeo 4.66 4.35 4.51 1.19 1.09 1.14 - - -
N, ,oPooKy, + Aidamin 4.78 4.45 4.62 1.31 1.19 1.25 0.12 0.10 0.11
Average 4.30 4.02 3.75
Akhim Variety (sowing period I)
NoPeoKeo 4.08 3.54 3.81 - - - - - -
N1,0PsoKso 513 4.57 4.85 1.05 1.03 1.04 - - -
N,,oPs Ky, + Aidamin 5.28 4.70 4.99 1.2 1.16 1.18 0.15 0.13 0.14
Average 4.83 4.27 4.55
Akhim Variety (sowing period I1)
NPk 4.26 4.13 4.20 - - - - - -
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Table 2, Continued

N,oPooKeo 5.29 5.07 5.18 1.03 0.94 0.99 - - -
N, ,oPooKy, + Aidamin 5.47 5.18 5.33 1.21 1.05 1.13 0.18 0.11 0.15
Average 5.0 4.79 4.90
Akhim Variety (sowing period IIl)
NeoPeoKe 3.54 3.68 3.61 - - - - - -
N,oPooKeo 4.68 4.81 4.75 1.14 1.13 1.14 - - -
N, ,oPsoKy, + Aidamin 4.89 4.96 4.93 1.35 1.28 1.32 0.21 0.15 0.18
Average 4.37 4.48 4.43
HIP,, t/ha
A (dates) 0.058 0.061
B (fertilisers) 0.058 0.064
C (varieties) 0.058 0.061
ABC (interaction) 0.173 0.190

Source: compiled by the authors

In 2021, the winter wheat varieties “Dovira Odeska”
and ‘Akhim” also achieved their maximum yield during
the second sowing date (05.10), with average yields of
5.06 and 5.0 t/ha, respectively. The yield increase from
fertilisation was 0.99 and 1.03 t/ha, and from foliar
fertilisation was 0.12 and 0.18 t/ha. For the sowing
on October 20th, 2021, the “Estafeta Myronivska” vari-
ety formed an average yield of 4.48 t/ha, which was
0.94 t/ha lower than the yield from the second sowing
date, and 0.62 t/ha lower than the yield from the sow-
ing on September 20th, 2021.

The average vyield of the “Dovira Odeska” variety
(4.25 t/ha) for the first sowing date (20.09.2021) was
lower than that for the October 5th sowing (5.06 t/ha)
by 0.81 t/ha, and for the October 20th sowing, it was
lower by 0.76 t/ha (4.3 t/ha). The “Akhim” variety also
experienced a significant reduction in yield compared
to the second sowing date, with an average reduction of
0.17 t/ha for the September 20th sowing and 0.63 t/ha
for the October 20th sowing. The yield increase of the
winter wheat varieties from applying N, P, K,, min-
eral fertiliser was 0.95-1.05 t/ha for the first sowing
date, 0.99-1.03 t/ha for the second sowing date, and
1.01-1.19 t/ha for the third sowing date. Applying foliar
microelement fertilization twice during the phases of
BBCH 29-30 (1.0 L/ha) and BBCH 55-57 (1.0 L/ha) re-
sulted in a significant yield increase ranging from 0.12
to 0.25 t/ha.

In 2022, the highest yields across all sowing dates
were achieved by the “Estafeta Myronivska” variety, rang-
ing from 4.77 to 5.17 t/ha. The yield of winter wheat
was lower in the “Akhim” variety, ranging from 4.27
to 4.79 t/ha, which was 0.38-0.5 t/ha less. The lowest
grain yield in 2022 was also observed in the “Dovira
Odeska” variety, ranging from 3.85 to 4.51 t/ha. The
highest yields were achieved by all studied varieties
for the October 5th sowing: “Estafeta Myronivska” av-
eraged 5.17 t/ha, “Dovira Odeska” - 4.51 t/ha, and
‘Akhim” - 4.79 t/ha. For the October 20th sowing, the
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“Estafeta Myronivska” variety formed an average yield
of 4.77 t/ha, which was 0.4 t/ha lower than the yield
from the second sowing date, and 0.29 t/ha lower for
the September 20th sowing (4.88 t/ha).

The average yield of the “Dovira Odeska” variety
(3.85 t/ha) for the first sowing date (20.09) was lower
than that for the October 5th sowing (4.51 t/ha) by
0.66 t/ha, and for the October 20th sowing, it was lower
by 0.49 t/ha (4.02 t/ha). The “Akhim” variety also expe-
rienced a significant reduction in yield compared to
the second sowing date, with an average reduction of
0.52 t/ha for the September 20th sowing and 0.31 t/ha
for the October 20th sowing. The yield increase of
the winter wheat varieties from applying N,, P, K,
mineral fertiliser for the first sowing date compared
to the control ranged from 0.84 to 1.03 t/ha. For the
second - 0.94 to 1.22 t/ha, and for the third - 1.03 to
1.13 t/ha. Dual foliar fertilisation of winter wheat crops
with “Aidamin-complex foliar fertilization” in the BBCH
29-30 (1.0 L/ha) and BBCH 55-57 (1.0 L/ha) stages re-
sulted in a significant yield increase ranging from 0.10
to 0.24 t/ha. Yield increase from applying N, P, K,
ranged from 0.84 to 1.22 t/ha. Among the studied var-
iants, the highest yield was observed for the “Estafeta
Myronivska” variety (5.65 t/ha) sown on October 5th
with the application of N and Aidamin-complex
foliar fertilisation.

The research results indicate that the productivity
of winter wheat agrocenoses, the formation of yield el-
ements, vegetation conditions, and plant overwintering
directly depend on sowing dates. The timing of sowing
proved to be a key factor for wheat yield. Early sowing
dates promoted more active plant development, result-
ing in a higher number of spikes per plant. On the other
hand, later sowing led to the formation of fewer spikes
but with a greater number of grains per spike. These
growth and development differences can be utilised
depending on cultivation goals, either for obtaining
higher yield or preserving grain quality. This is consist-
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ent with data of V. Petrychenko & V. Lykhochvor (2020).
L. Gandjaeva (2019) draws attention to a decrease in
the level of achievement of the potential of crop pro-
ductivity when the sowing time deviates from optimal.
However, the question of optimal sowing dates remains
debatable. According to V. Tkachuk & T. Tymoshchuk
(2020), in the conditions of Polissya, the highest grain
yield of winter wheat (3.56 t/ha) was achieved with a
sowing date of September 10th. The yield decreased by
1.02 t/ha for the October 10th sowing.

I.Yarchuk & T.Melnyk (2018) established that plants
sown on September 10th had the most significant
parameters at the time of cessation of autumn vegeta-
tion. Later sowing dates resulted in a reduction in all bi-
ometric indicators: plant height, plant weight, number
of stems, and nodal roots. Other researchers also point
to better plant development for early sowing dates. Ac-
cording to A. Kryvenko et al. (2019), a higher yield of
all studied winter wheat varieties (25.5% increase) was
obtained for the October 5th sowing compared to the
September 25th sowing. For this sowing date, the yield
was 37.6 and 53.2% higher than for the October 15th
and October 25th sowing dates, respectively. For the
October 5th and 15th sowing dates, the winter wheat
varieties formed the highest-quality grains by weight
and 1000-seed mass.

However, the rise in temperature during the autumn
vegetative period of winter wheat, along with the ex-
tension of its autumn growth and development period,
encourages a reevaluation of sowing dates. As of the
recommendation of G. Gutsol & I. Ovcharuk (2023), in
the Right Bank Forest-Steppe zone, it is advisable to
shift sowing dates by 11 days toward later dates, and
in some years, these dates can be shifted even later. An
increase in yield due to shifting sowing dates from Sep-
tember 10th to October 10th was obtained in H. Chuhrii’s
(2019) research. R. Vozhegova & V. Bily (2019) note that
the highest number of productive stems and grains per
spike was achieved with later sowing dates.

One of the main measures to increase the produc-
tivity of winter wheat and improve the quality of its
grain is the use of mineral fertilisers. The obtained data
confirm that fertilisation indeed affects the cultivation
of wheat. The application of fertilisers contributed to
yield increase, regardless of the sowing date. Howev-
er, it is important to consider optimal doses, as exces-
sive fertiliser application can lead to negative effects
on plant health and product quality. The specified in-
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the highest grain yield (5.42 t/ha), exceeding the con-
trol without fertilisers by 1.02 t/ha. The application of
fertilisers led to increased production regardless of the
sowing date. Nevertheless, it is necessary to be cautious
with fertiliser dosages, as their excessive use can lead to
overgrowth of plants and adversely affect yield quality.

Thus, it is worth noting that the ongoing climate
changes prompt a revision of established cultiva-
tion practices, particularly adjusting sowing dates. To
achieve high yield performance in production, judicious
use of foliar micro-fertilizers is recommended.

CONCLUSIONS

The results of the two-year study indicate that in
the soil and climatic conditions of the Western For-
est-Steppe, the maximum productivity of winter wheat
sowing was achieved on October 5th. For this sowing
date, the studied varieties achieved average yields
of 4.79 t/ha (Dovira Odeska), 4.9 t/ha (Akhim), and
5.29 t/ha (Estafeta Myronivska). Shifting sowing dates
either towards earlier (20.09) or later (20.10) resulted
in yield reduction. Deviations from these indicators for
the Estafeta Myronivska variety were 0.5 and 0.61 t/ha,
for Dovira Odeska - 0.74 and 1.04 t/ha, for Akhim - 0.35
and 0.47 t/ha.

Increasing the rate of applying N,,,P, K,  mineral
fertilisers led to increased grain yield for all sowing
dates. Depending on the variety and research variant,
the yield increase ranged from 0.9 to 1.14 t/ha. Foliar
fertilisation of plants with Aidamin-complex micro-fer-
tiliser in the BBCH 29-30 and BBCH 55-57 stages re-
sulted in additional yield growth of 0.11 to 0.23 t/ha.
Among all varieties, the highest yield during the years
of the study (5.65 t/ha) was achieved by the agroceno-
sis of the Estafeta Myronivska variety sown on October
5th, with the application of N, P, K, mineral fertilisers
and Aidamin-complex foliar fertilisation (1.0 L/ha). The
yield increase from mineral fertilisers was 1.22 t/ha,
and from foliar micro-fertilisation, it was 0.11 t/ha.

The prospects for further research are associated
with the selection of high-productivity winter wheat
varieties, the search for new effective micro-fertilisers
that would mitigate the impact of stress factors dur-
ing the vegetation period and ensure yield stability.
Another possible area is the influence of biological
methods and modern technologies on the effectiveness
of winter wheat cultivation.

formation is consistent with the data of M. Kulyk et al. ACKNOWLEDGEMENTS
(2020).V.Ivanina & I. Korotenko (2022) established that  None.
yield increase in cereal crops is achieved through min-
eral plant nutrition. In their study, applying N,P, K CONFLICT OF INTEREST
under winter wheat in rotation with peas resulted in  None.
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Anotauif. CyyacHi cOpTM MLWeHuLUi 03MMOI MatoTb BUCOKUIM FE€HETUYHWMI NOTeHLian NpOAYKTUBHOCTI, peanizyBaTu
SKMI MOXHA 33 paxyHOK YAOCKOHANEeHHSs eNleMeHTIB TEXHOOTIi BUPOLLYBAHHS, 30KpeMa CTPOKiB CiBbu, onTuMisauii
cucTeMM yaobpeHHs, 3aCTOCYBaHHA MiKpOeNeMeHTiB, Wo 0OYMOBIOE aKTyaNbHICTb AOCHIAKEHHS. MeTolo poboTu
6yno 06rpyHTYBaTM 0COBAMBOCTI (HDOPMYBAHHSA MPOLYKTUBHOCTI MLWEHML 03MMOI 3aNEXHO Bif, €/1eMEHTIB TEXHONOTT
BMPOLLYBaHHA B yMOBax KapnaTcbkoro perioHy. Y npoueci BUKOHAHHS pob0TM BUKOPUCTOBYBANIM HACTYMHI METOAM:
NonbOBUIA, NabOPATOPHUIA (AN BM3HAYEHHS SKICHMX MOKA3HWKIB 3epHa MLEHML), Ta CTaTUCTUYHUIA (LN OLiHKK
[OCTOBipHOCTI AaHmXx). MNonboBi LocnigpkeHHS npoBoaunun BnponoBx 2021-2022 pp. Ha Cipux NicOBUX NOBEPXHEBO
orneeHunx rpyHtax. [locnigpkysanu ocobaMBOCTi POCTY i pO3BUTKY COPTiB MwWeHUL 03nMoi EcTadeTa MUPOHIBCbKa,
[oBipa onecbka i AxiM, BUCigHi B pi3Hi ctpokm (20.09;05.10; 20.10). BctaHOBNEHO, LLLO YPOXAMHICTb 3€PHA | MOKA3HWUKM
$opMyBaHHA iHAMBIAYaNbHOI NPOAYKTUBHOCTI AOCNIAXYBAHMX COPTIB MLIEHMLi 03MMOI 3MIHIOBANINCS 3aNEXHO BiA
CTPOKiB CiBOM, ,031 MiHEpaNbHUX A,OOPUB, TMCTKOBOTO MiAXKMBIEHHS Ta COPTOBMX 0COBAMBOCTEN. HallBUMLLi MOKA3HUKM
iHOMBIAYaNbHOT NPOAYKTUBHOCTI POCAMH NWeEHULI 03uMoi copTiB EctadeTta MUpoHiBCbKa, [oBipa ofecbka i AXiM
copmoBaHo 3a cisbu 05.10 Ha poHi MiHepanbHoro yaobpeHHs N, Po Ko (i3 BHeceHHam N, Po K. nia kynbtuBauito,
N,, - no mep3notanomy rpyHTi, N,  (y pasy BBCH 29-30), N, (BBCH 55-57) Ta 1BOpa30Boro BHeceHHs Mikpoaobpus
(AMOaMiH-KOMNNEKCHUIA NMCTKOBE NigXXMBAEHHS). Y pe3ynbrati Aii 4oCniaxXyBaHUX GaKTOpiB BiA3HAYEHO 3pOCTaHHS
KiNIbKOCTi NPOAYKTUBHUX cTeben, 3epeH Yy KoNoci i Barn 3epHa 3 1 konoca. MakcMMasbHy BpOXaMHICTb 3epHa 3 MOMIX
[oCNipKyBaHMX copTiB chopmyBaB copT Ectadeta mupoHiecbka (5,65 1/ra) 3a ciBbu 05.10 Ha BapiaHTi BHECEHHS
N,,,PsoKy, | MCTKOBOTO MiMKMBIEHHS ARAAMIHOM KOMMIEKCHUM. Pe3ynbtati AOCNiAXeHb MOXYTb BYTW BUKOPUCTaHI
[N KOPEryBaHHS eNeMEeHTIB TEXHOMOriT BUPOLLYBaHHS MLWeHULi 03MMOi Y BUPOBHUUYMX yMOBaX ANS MiABULLEHHS
BPOXaMHOCTI Ta AKOCTI 3epHa

KniouoBi cnoBa: nweHuLs 03MMa; COPTU; MiHepanbHi OOPUBA; IMCTKOBE NiSXMBNEHHS; TEXHOMOTIT BUPOLLYBaHHS
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