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Problem statement. Among the most important grain
crops, winter wheat ranks first in Ukraine in terms of sown
areas and is the main food crop. This indicates the great
economic importance of winter wheat, its necessity in
satisfying people with high-quality food products, there-
fore the demand for the products of this crop is constantly
increasing.

However, modern conditions of agricultural sector
development require not only increasing the production
volumes of quality agricultural products, but also simulta-
neously reducing economic and energy costs for cultiva-
tion. These issues become especially relevant due to global
climate changes, scientifically justified approaches to the
structure of sown areas and fertilization systems, and the
biologicalization of agriculture.

Therefore, further growth in winter wheat production,
increasing its productivity and improving grain quality
require constant improvement and optimization of cultiva-
tion technology based on the latest scientific developments.

Analysis of recent research and publications. The
conditions of the agricultural market force producers of agri-
cultural products of various ownership forms to increase
sown areas under economically attractive crops such as
sunflower, corn for grain, soybeans, which has led not only
to a reduction in the crop rotation period, but also to a dis-
ruption of crop rotation structure, saturating them with spe-
cific crops [1, 9].

Significant role in optimizing agricultural production,
especially in the Steppe zone of Ukraine, belongs to the
implementation of short rotation crop rotations with different
saturation of legumes and fertilizer systems with elements
of biologicalization [10]. Therefore, for small farms, there is
a need to introduce specialized short rotation crop rotations.
The construction of such crop rotations should be carried
out based on scientifically justified principles, the main of
which is the placement and rotation of crops according to
the laws of crop rotation [2, 5, 6, 8, 14, 17, 18, 19, 20].

The introduction of legume crops in short rotation
crop rotations ensures increased yields and improved
quality of agricultural crops, special attention should be
paid to increasing the productivity of the crop rotation as a
whole. At the same time, legume crops improve biological
processes in the soil due to favorable symbiosis with the
soil environment, which increases enzymatic activity and

the ability of subsequent crops in the crop rotation to use
low-soluble nutrients such as phosphorus and potassium.
Accumulated calcium in the roots of legume crops and
released after their decay improves soil structure.

In the scientific literature, you can find a lot of information
about the features of short rotation crop rotations, this is due
to the relevance of such crop rotations under conditions of
decreasing arable land area and a list of crops grown on
farms [7, 17].

Crop rotation plays a significant role in providing
soil moisture, available forms of nutrients, affects soil
temperature, microbial activity, soil structure, etc. It has been
proven that the crop rotation factor significantly influences
the yield and productivity of winter wheat, but the impact of
crop rotation structure, especially its saturation with crops
such as soybeans, has not been sufficiently studied for the
conditions of the Steppe zone of Ukraine [3, 12, 13, 15, 16].

Rational application of fertilizers and the use of bio-
preparations are also important elements in optimizing
winter wheat cultivation [11]. The use of treatment of winter
wheat crops with bio-preparations ensures an increase in
grain yield from 2.89 to 4.99 t/ha against the background of
basic fertilizer application [4].

Thus, studying the impact of short rotation crop rotations
with different saturation of soybeans and elements of
biologicalization on winter wheat cultivation to increase
winter wheat productivity is a relevant issue today.

Objective. To establish the relationship between
the yield level and economic efficiency of winter wheat
cultivation in short rotation crop rotations using a bio-
preparation in the conditions of the Northern Steppe region
of the Ukraine.

Materials and methods of research. Field research
was conducted during 2021-2023 at the Institute of
Agriculture of the Steppe NAAS laboratory according to
the scheme below. The experiment was set up using a
randomized block design, with each crop rotation being a
separate block. The stationary experiment was established
in 2005 on plots after spring barley, which were leveled
in terms of natural fertility and relief. The degree of sail
contamination at the agriculture institute's laboratory station
where field research was conducted is high, corresponding
to the conditions of the northern part of the Steppe region
of Ukraine.
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Winter wheat variety Oranta Odeska was sown in the
second decade of September at a seeding rate of 4.5
million seeds per hectare. The winter wheat seeds were
treated with the bio-preparation Mycofriend (1.0 L/ton) —
factor A. Winter wheat was grown in three short rotation
crop rotations — factor B.

The grain-fallow-row crop rotation with soybean
saturation up to 20 % included the following crop rotation:
1. Fallow; 2. Winter wheat; 3. Soybean; 4. Corn for grain;
5. Sunflower.

The grain-row crop rotation with soybean saturation
up to 40% consisted of the following crops: 1. Soybean;
2. Winter wheat; 3. Soybean; 4. Cornfor grain; 5. Buckwheat.

The grain-row crop rotation with soybean saturation
up to 60% consisted of the following crops: 1. Soybean;
2. Winter wheat; 3. Soybean; 4. Corn for grain; 5. Soybean.

Winter wheat crops were fertilized with nitrogen
fertilizers (ammonium nitrate) at a rate of 30 kg/ha of
active substance in the spring. In April, the winter wheat
crops were treated with the retardant Gulliver (1.4 L/ha),
micronutrients Green-Active (0.2 L/ha), and Avangard
RK (0.9 L/ha) with the addition of magnesium sulfate
(2.5 kg/ha physical weight). In the first decade of May,
the winter wheat crops were treated with the herbicide
Grenader (0.25 kg/ha) with the addition of PAR Tandem
(0.2 L/ha), micronutrients Green-Active (0.2 L/ha), and
mineral fertilizers urea (5 kg/ha physical weight) and
magnesium sulfate (2.5 kg/ha physical weight).

Weather conditions during the years of the study were
favorable for obtaining high yields of winter wheat, except
for the sowing period in 2021. The sowing period was
characterized by rainy weather, which prevented timely
sowing due to high soil moisture, while in 2022-2023, on the
contrary, dry weather with a lack of moisture in the sowing
layer of the soil during sowing led to a prolonged period
from sowing to emergence.

Research results. The results of the three-year study
showed that treating winter wheat seeds with a biologically

active preparation when grown in crop rotations with different
soybean saturation contributed to an increase in crop yield.
The vyield indicators presented in Table 1 demonstrate
that as the concentration of soybeans in the crop rotation
decreased, the yield of winter wheat grain increased. In the
soybean crop rotation, where this crop occupied three fields,
the average yield of wheat was 5.58 t/ha, while reducing the
number of fields to two resulted in a yield of 5.98 t/ha.

The most significant effect of the biopreparation was
observed in grain-row crop rotations with soybean saturation
at 60 % and 40 %. Due to the action of the biopreparation
factor, the highest increase in winter wheat grain yield was
obtained in the crop rotation with the highest concentration
of soybeans, +0.67 t/ha or 13.6 % (LSDO05 = 0.45 t/ha). In
the crop rotation with 40 % soybean saturation, a significant
increase in winter wheat grain yield was also observed,
+0.48 t/ha or 8.7 %, but the effectiveness of the biological
component of the inoculant decreased.

Replacing two soybean fields with other crops in the
crop rotation, although resulting in the highest winter wheat
yield in our study, 6.63 t/ha, did not show a significant effect
of the biopreparation in the crop rotation with 20 % soy-
bean saturation. The difference between the grain-fallow-
row crop rotation where the biopreparation was not used
was only 0.40 t/ha or 6.4 %.

Our research confirms a more significant impact of the
crop rotation factor on winter wheat yield. Despite higher
crop yield values being recorded in variants where treated
seeds were grown, the saturation factor of the crop rotation
with soybeans had a more effective influence on increasing
yield. For instance, replacing one soybean field in the crop
rotation with another crop and reducing its concentration
to 40 % resulted in a yield increase of 0.58 t/ha or 11.9 %
(LSDO05 = 0.55 t/ha).

However, it is important to note that using the bioprepa-
ration in the crop rotation with 60 % soybean saturation had
a greater effect than changing the structure of the crop rota-
tion, with a yield increase of 0.67 t/ha or 13.6 %. Moreover,

Table 1
Winter wheat yield depending on the biopreparation in different crop rotations
Biopreparation Crop rotation Average for Difference
i i i v
(factor A) (factor B) 2021-2023 factor A factor B
t/ha % t/ha %
Grain-row
(60 % of soybeans) 4.92 - - - -
. ; . Grain-row
Without biopreparation (40 % of soybeans) 5.50 — - 0,58 11,9
Grain-fallow-row
(20 % of soybeans) 6.23 - - 1.32 26.8
Grain-row
(60 % of soybeans) 5.58 0.67 13.6 - -
Seed treatment with Grain-row
biopreparation (40 % of soybeans) 5.98 0.48 8.7 0.40 7.1
Grain-fallow-row
(20 % of soybeans) 6.63 0.40 6.4 1.05 18.8
Factor A 0.45 _
LSDO5, t/ha Factor B 055 —
Factors A 0.78 _
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no significant difference was established between such
agronomic practices as selecting crop rotations and apply-
ing biopreparations: yields of 5.50 t/ha and 5.58 t/ha respec-
tively showed the smallest significant interaction difference
between the two factors of 0.78 t/ha.

Seed inoculation with the biopreparation somewhat mit-
igates the effect of the crop rotation factor. In the grain-row
crop rotation, where soybean fields occupied 40 % of the
area, the yield increase was within a significant difference
compared to the crop rotation where soybeans occupied
60 %, at 0.40 t’/ha or 7.1 % (LSDO5 = 0.55 t/ha). The effec-
tiveness of the factor was almost half as much compared
to the variant without using the biopreparation, where the
increase was 11.9 %.

The most significant impact of the crop rotation factor
was observed in the grain-fallow-row crop rotation with
20 % soybean saturation. Introducing a fallow field and
reducing the concentration of leguminous crops in the crop
rotation provided the highest increase in winter wheat grain
yield in our experiments, at 1.32 t/ha or 26.8 %, which is the
highest indicator in our study.

According to the economic efficiency of winter wheat
cultivation, it was found that the lowest production costs
(15540 UAH/ha) were in the grain-row crop rotation with
soybean saturation up to 60 % without using the bioprepa-
ration. However, this led to the lowest value of the produced
output (28413 UAH/ha), net profit (12873 UAH/ha), and
profitability (82.8 %) (Table 2).

The highest economic indicators were under the
conditions of winter wheat cultivation in the grain-fallow-
row crop rotation with soybean saturation up to 20 % using
the biopreparation. Under these conditions, there were
the highest production costs (16436 UAH/ha), the highest
value of the produced output (38288 UAH/ha), the highest
net profit (21852 UAH/ha), and profitability (132.9 %).

The determination of additional net income allowed
us to identify the specific effect of the factors under
study. According to Table 3, the use of the biopreparation
contributed to an additional income of 3466.0 UAH/ha in
winter wheat cultivation in the grain-row crop rotation with
soybean saturation up to 60 %, 2520.0 UAH/ha in the grain-
row crop rotation with soybean saturation up to 40 %, and

Table 2

Economic efficiency of winter wheat cultivation depending on the biopreparation in different crop rotations

. Production costs, Gross output value, | Notional profit, T,
Crop rotation UAH/ha UAH/ha UAH/ha Profitability, %
Without biopreparation
Grain-row
(60 % of soybeans) 15540 28413 12873 82.8
Grain-row
(40 % of soybeans) 15844 31763 15919 100.5
Grain-fallow-row
(20 % of soybeans) 16227 35978 19751 121.7
Seed treatment with biopreparation
Grain-row
(60 % of soybeans) 15886 32225 16339 102.8
Grain-row
(40 % of soybeans) 16096 34535 18439 114.6
Grain-fallow-row
(20 % of soybeans) 16436 38288 21852 132.9
Table 3
Additional notional profit due to the use of the biopreparation in different crop rotations
Bi ti c tati Noti | fit Difference
iopreparation rop rotation otional profit,
(factor A) (factor B) UAH/ha factor A factor B
UAH/ha % UAH/ha %
Grain-row
(60 % of soybeans) 12873.0 B B B -
. ) . Grain-row
Without biopreparation (40 % of soybeans) 15919.0 - - 3046.0 23.7
Grain-fallow-row
(20 % of soybeans) 19751.0 - - 6878.0 53.4
Grain-row
(60% of soybeans) 16339.0 3466.0 26.9 - -
Seed treatment with Grain-row
biopreparation (40 % of soybeans) 18439.0 2520.0 15.8 2100.0 12.9
Grain-fallow-row
(20 % of soybeans) 21852.0 2101.0 10.6 5513.0 33.7
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the least — 2101.0 UAH/ha in the grain-fallow-row crop
rotation with soybean saturation up to 20 %. This suggests
that deviating from the traditional crop rotation requires the
mandatory use of the biopreparation.

The highest increases by the crop rotation factor were
observed without using the biopreparation. Comparing the
grain-row crop rotation with soybean saturation up to 60 %
to the grain-row crop rotation with soybean saturation up
to 40 %, the additional net income was 3046.0 UAH/ha
or 23.7 %, and compared to the grain-fallow-row crop
rotation — 6878.0 UAH/ha or 53.4 %.

Discussion. Thus, our research has demonstrated
the significant impact of the biopreparation and soybean
saturation in short crop rotations on the yield and economic
efficiency of winter wheat cultivation in the conditions of the
Northern Steppe of Ukraine.

Seed inoculation with the Mycofriend preparation
contributed to higher winter wheat yield indicators in
crop rotations with different soybean saturations: 60 % —
5.581t/ha, 40 % —5.98 t/ha, 20 % —6.63 t/ha, but a significant
yield increase due to the action of the biopreparation was
obtained in crop rotations with soybean concentrations
of 60 % and 40% (+0.67 t/ha or 13.6 % and 0.48 t/ha or
8.7 %, respectively). In the crop rotation with 20 % soybean
saturation, the impact of the preparation was not significant,
+0.40 t/ha at LSDO05 = 0.45 t/ha.

The crop rotation factor had a more significant impact
on winter wheat yield in the conditions of the Northern
Steppe of Ukraine. The highest increases were observed in
the variant without seed treatment with the biopreparation,
in the grain-fallow-row crop rotation with 20% soybean
saturation, where these indicators were the highest,
+1.32 t/ha or 26.8 %.

The application of biotechnological methods in winter
wheat cultivation somewhat mitigated the effect of the crop
rotation factor, with a significant yield increase only in the
crop rotation with 20 % soybean saturation, +1.05 t/ha or
18.8 %.

The highest economic efficiency was observed in the
grain-fallow-row crop rotation with soybean saturation up
to 20 % using the biologically active preparation, where
under these conditions, the gross production value was
38288 UAH/ha, net income was 21852 UAH/ha, with a
profitability of 132.9 %.

The crop rotation factor had a greater impact on
obtaining additional net income. The maximum increase
was observed without using the biopreparation in the grain-
fallow-row crop rotation with soybean saturation up to 20 %,
which amounted to 6878 UAH/ha.

The biopreparation factor provided an increase from
2101 UAH/ha in the grain-fallow-row crop rotation with
20 % soybean saturation to 3466 UAH/ha in the grain-row
crop rotation with 60 % soybean saturation.
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Mashchenko Yu.V., Sokolovska .M., Kulyk G.A.
Biotechnological direction of winter wheat cultivation
depending on the crop rotation factor in the conditions
of the Steppe of Ukraine

Modern conditions of agricultural sector development
require constant increase in the production volumes of
high-quality agricultural products. These issues are becom-
ing particularly relevant due to global climate changes, sci-
entifically justified approaches to crop structure and fertiliza-
tion systems, and the biologization of agriculture. Therefore,
further growth in winter wheat production, increasing its
productivity and improving grain quality require continuous
improvement and optimization of cultivation technology
based on the latest scientific developments.

The aim of our research was to establish the correla-
tion between yield levels and economic efficiency of winter
wheat cultivation in short crop rotations using a bioprepara-
tion in the conditions of the Northern Steppe region of the
country.

Field research was conducted during 2021-2023 at the
Institute of Agriculture of the Steppe NAAS. Winter wheat
variety Oranta Odeska was grown in three short rotation
crop rotations with soybean saturation levels of 20 %,
40 %, and 60 %. The winter wheat seeds were treated with
the biopreparation Mycofriend.

Seed treatment with the Mycofriend preparation contrib-
uted to higher winter wheat yield indicators in crop rota-
tions with different soybean saturations: 60 % — 5.58 t/ha,
40 % — 5.98 t/ha, 20 % — 6.63 t/ha. However, a significant
yield increase due to the action of the biopreparation was
obtained in crop rotations with soybean concentrations of
60 % and 40 %. The crop rotation factor had a more signif-
icant impact on winter wheat yield in the conditions of the
Northern Steppe of Ukraine.

The highest economic efficiency was observed in the
grain-fallow-row crop rotation with soybean saturation up to
20 % using the biologically active preparation, where under
these conditions, the profitability was 132.9 %.
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The crop rotation factor had a greater impact on obtain-
ing additional net income, with the maximum increase
observed without using the biopreparation in the grain-fal-
low-row crop rotation with 20 % soybean saturation.

Overall, our research highlights the importance of crop
rotation, soybean saturation levels, and biopreparation in
enhancing winter wheat yield and economic efficiency in
the Northern Steppe region of Ukraine.

Key words: crop rotation, soybean saturation in crop
rotation, biopreparation, yield and economic efficiency of
winter wheat cultivation.

MauweHko F0.B., CokonoBcbka |.M., Kynuk T.A.
BioTexHonoriyHum HanpsiMOK BUPOLLYBaHHA MLWEHULi
03MMOI 3arexHo Bif ciBO3MiHHOro ¢hakTopy B ymoBax
Creny YkpaiHu

CyuyacHi yMOBM pO3BUTKY arpapHoOro Cektopy Bumara-
I0Tb MOCTiINHE 36inbleHHa obcsAriB BUPOOHMLTBA SAKICHOT
cinbcbkorocnogapcbkoi npoaykuii. OcobnmBoi akTyansHo-
CTi Ui MMTaHHa HabyBaloTb Yepes rnobarnbHi 3MiHK Knimary,
HayKOBO-00r'pyHTOBaHi MigxodiB A0 CTPYKTYpU MOCIBHUX
nnowy Ta cuctem yaobpeHHsi, Gionorizauito 3emnepobeTaa.
Tomy nopanblue 3poCTaHHA BUPOOHMUTBA MLIEHULi 03K-
MOT, MiABULLEHHSA ii NPOAYKTMBHOCTI Ta MOKPALLEHHS SIKOCTI
3epHa NoTpebytoTb MNOCTIMHOIO BAOCKOHANEHHS Ta ONTUMi-
3auii TeXHOMorii BUPOLLYBaHHSI HA OCHOBI HOBITHIX HayKo-
BUX PO3PO6OK.

MeToto Hawmx gocnimkeHb Gyno BCTAHOBUTU 3anex-
HICTb PIBHA BPOXaWHOCTI Ta €KOHOMIYHOI edeKTMBHOCTI
BMPOLLYBaHHS MLUEHWLI 03MMOI B CIBO3MiHaX KOPOTKOI poTa-
Ui 3 BUKOpuUcTaHHAM Gionpenapaty B ymoBax [liBHi4YHOro
CTeny kpaiHu.

MonboBi gocnigykeHHsa nposogunu npotarom 2021-2023
pp. B nabopatopii 3emnepobcTBa IHCTUTYTY CinbCbKOro
rocnogapctea Cteny HAAH. TlMweHuuo o03umy copty
OpaHTa ofecbka BMpOLLYyBanM B TPbOX KOPOTKOpOTAUii-
HMX CiBO3MiHax 3 Hacu4eHHam coeto 20%, 40 % ta 60 %.
HaciHHa nweHuui o3umoi obpobnsanu  GionpenapaTom
MikodppeHa.

O6pobka HaciHHs npenapatom MwukodpeHs cnpu-
Ana OTPUMaHHIO BULLUX MOKa3HWKIB BPOXAWHOCTI nMLue-
HWLi 03MMOi MO CiBO3MIHax 3 Pi3HUM HaCUYEHHAM COi:
60 % — 5,58 1/ra, 40 % — 5,98 1/ra, 20 % — 6,63 T/ra, ane
[OCTOBiIpHY npubaBKy BpoXakw 3a paxyHok Aii 6ionpena-
paty Gyno oTpMMaHo B CiBO3MiHax, KOHLEHTpaLis nocisiB
coi B gkux cknagana 60 % T1a 40 %. binbw edeKkTMBHO Ha
YpPOXanHICTb nweHuui o3umoi B ymoBax [liBHidHoro Cteny
YkpaiHu Bnnveae CiBO3MiHHUIA (hakTop.

HamBuiwa ekoHoMiYHa edeKTUBHICTb BUPOLLYBaHHSA
nweHuui o3umoi Byna y 3epHo-napo-npocarnHili CiBO3MiHi
3 HacuyeHHsM coeto Ao 20 % 3 BukopucTaHHAM Giono-
riYHO aKTMBHOrO npenapaTy 3a peHtabenbHocTi 132,9 %.
Binblwmnn BNNMB Ha OTPUMAaHHS AOAATKOBOTO YMOBHO-YM-
CTOro npubyTky MaB pakTop CiBO3MiHU. MakcumarnbHa
npubaska, 6878 rpH/ra, Byna y 3epHO-NMapo-npocarHiin
CiBO3MiHi 3 HacuueHHsM coeto A0 20 %. dakTop Gionpena-
pat 3abesneyyBaB npubasky Big 2101 rpH/ra y 3epHo-na-
po-npocarHivi CiBo3MiHi 3 Hacu4eHHAM coeto Ha 20 % go
3466 rpH/ra y 3epHO-NpocanHinn CiBO3MiHi 3 HACUYEHHSIM
coeto Ha 60 %.

Knto4voBi crnoBa: ciBo3MiHa, HacWYeHHS CiBO3MiHU
coeto, bionpenapart, ypoxKanHiCTb Ta EKOHOMIYHA eEKTMB-
HICTb BMPOLLYBaHHS MLUEHULi 03MMOI.



