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Increasing grain yield of winter wheat, reducing resource and chemical inputs, and soil load
are a priority direction for the development of agriculture. An important technological link in
the cultivation of winter wheat is the fertilization system, which depends on the specific soil
and climatic conditions of the region, crop rotation, and variety characteristics. Therefore,
studying and developing biotechnological methods of crop cultivation, taking into account
the requirements of modern high-yielding varieties and the variability of weather conditions, is
a relevant research direction.

Field research was conducted from 2019 to 2023 at the Laboratory of Agriculture
of the Institute of Agriculture of the Steppe. Winter wheat variety Oranta Odeska was grown in
a short-rotation grain-fallow crop rotation.

According to the results of our research, the highest yield level without fertilizers was
observed in 2022, reaching 7.88 t/ha. The highest yields with mineral and organic-mineral
fertilizer systems were recorded in 2023, at 8.94 t/ha and 9.09 t/ha respectively. The maximum
vield of 9.61 t/ha was achieved in 2023 using the organic-mineral fertilizer system combined
with the use of a biopreparation. The use of the microbial biopreparation Mycofriend resulted in
significant yield increases compared to no fertilizer application (0.48 t/ha or 8.4 %), the organic-
mineral fertilizer system (0.37 t/ha or 5.5 %), and the mineral fertilizer system (0.34 t/ha or
5.2%).

The highest productivity was observed in plants grown with the organic-mineral fertilizer
system combined with the use of the biopreparation Mycofriend: 7.96 t/ha of grain units,
10.21 t/ha of feed units, and 0.87 t/ha of digestible protein. The highest biopreparation effect was
observed without fertilizer application, with yield increases of 0.52 t/ha (8.4 %) for grain units,
0.67 t/ha (8.4 %) for feed units, and 0.06 t/ha (9.3 %) for digestible protein. The highest nutrient
content was obtained in 2022 and 2023 using the organic-mineral fertilizer system combined
with the biopreparation: 10.39 t/ha and 10.57 t/ha of grain units, 13.32 t/ha and 13.55 t/ha
of feed units, and 1.13 t/ha and 1.15 t/ha of digestible protein, respectively.
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Mawenxo FO.B., Coxkonoscoka 1. M. Yposcaiinicms ma npooykmuenicme nuteHuyi 03umor
3aneiicHo 6i0 cucmem yooopenns i bionpenapamy

Iiosuwenns eposcainocmi 3epHa nuleHuYi 03UMOi, SMEHUEHHs UMPAm pecypcie i XIMiuHUX
PeUOBUH, HABAHMAJICEHHS HA TPYHM — € NPIOPUTNEMHUM HANPAMKOM PO3GUIMKY CLIbCLKO2O 20CHO-
oapcmea. Baojicausoro mexnono2iunoo 1anKkoio npu UpOWy8anHi nuleHuyi o3umoi € cucmema
Y000peHHs, cneyuiku IPYHmMoso-KAiMamuidHux YMO8 30HU, NONEePeOHUKI8 Mma COPMOgUx 0cod-
aueocmeti huteHuyi ozumoi. Takum 4unom, 6usuenHs ma po3pooka 6iomexHoN02iuHUX NPULOMIE
BUPOWYBAHHS KYILINYPU, BPAXOBVIOUU GUMOU CYHACHUX, BUCOKOBPOICAUHUX COPpMIE Ma KAima-
MUYHI YMOBU, AKi NOCMITIHO 3MIHIOIOMbCA, € AKMYATbHUM HANPAMKOM 0OCTIOHNCEHD.

Tonvosi docriocenus nposodunucs npomseom 2019-2023 pp. 6 rabopamopii 3emnepoo-
cmea Incmumymy cinocvkoeo 2ocnooapcmea Cmeny HAAH. Thuenuyto ozumy copmy Opanma
00eCbKa 8UPOUY8aIU y KOPOMKOPOMAYIHILL 3ePHONAPONPOCANHIN CIBO3MIHI.

3a pesynemamamu nawiux 00cioxHcenb 610 6CMAHOBIEHO, WO HAUOLTbWUL pi6eHb 8podCall-
Hocmi Ha Qhori be3 006pus popmysanu pociunu nueruyi ozumoi copmy Oparnma odecvka 8 ymo-
sax 2022 poxy, sikuii cmanosus 7,88 m/ea. Ha ¢ponax minepanvroi ma opeano-minepanbHoi cuc-
mem y0obpeHHs Haubinbuwa yposxcatinicms oynay 2023 poyi i cmanosuna 8,94 m/za ma 9,09 m/za
6i0n0giono. Makcumanvhuil pisens gposicaunocmi — 9,61 m/ea 6ye maxosc 2023 poxy 3a ymog




3eMi1epoOCTBO, POCIMHHUIITBO, OBOYIBHHIITBO Ta OAIITAHHUIITBO |

| 109

BUPOWYBAHHA NUEHUYT 03UMOT NPU NOEOHANHT OP2AHO-MIHEPANbHOT cucmemy YOOOPEHHS 3 BUKO-
pucmannam bionpenapamy. Buxopucmanns mixpobnozco odionpenapamy Mixoghpeno cnpusno
OMPUMAHHIO OOCMOBIPHUX NPUOABOK 3a 8POdICAlIHICMIO HA QoHI Oe3 enecenHss 0oopus 0,48 m/ea
(8,4 %), 3a opeano-minepanvroi cucmemu yooopenns 0,37 m/ea (5,5 %) ma 3a minepanvhoi cuc-
memu yooopenns 0,34 m/ea (5,2 %).

Haiisuwiil pisens npodykmuenocmi (hopmysanu pociunu nueHuyi o3umoi 3a opeano-mine-
PanbHOI cucmemu y0oOpeHHs 3 8UKOpucmanuam bionpenapamy Mixogpeno: 7,96 m/ea 3epHo-
6ux oounuyw, 10,21 m/2a kopmosux oounuyw, 0,87 m/ea nepempasnozo npomeiny. Hatieuwa 0ist
bionpenapamy Oyna Ha QoHi 6e3 8HeceHHsA 000pUs, NPU YboMy NpuUbABKU 34 3ePHOBUMU OOUHU-
yamu cmanosunu 0,52 m/za (8,4 %), 3a kopmogumu oounuysmu — 0,67 m/ea (8,4 %) ma nepe-
mpasuum npomeinom — 0,06 m/ea (9,3 %). Haibinowuii 36ip nod#CugHUx pewosuH ompumaHo
6 ymosax 2022 p. ma 2023 p. 3a opeano-miHepanbHoi cucmemu YOOOPeHHs 3 GUKOPUCTAHHS
bionpenapamy: 10,39 m/ea ma 10,57 m/2a 3eprosux oounuysy, 13,32 m/za ma 13,55 m/2a kopmo-
6ux oounuyb ma 1,13 m/za ma 1,15 m/2a nepempasrnozo npomeiny ionogioxo.

Knwwuoei cnoea: cucmemu yoobpeHHs, Gionpenapamu, YpOXCAtHicmb, NPOOYKMUBHICTDY,
nuleHuYs o3uma.

Problem statement. Winter wheat is the main agricultural crop in many countries
around the world and the main food crop in the Steppe Zone of Ukraine. Increasing
production and improving the quality of winter wheat grain remains an important
task for scientists and farmers. Scientifically justified fertilizer systems, intensive
technologies for growing grain crops using bioresources are the main tools in solving
the set tasks [1; 2].

The fertilizer system is considered an important technological link in the cultivation
of winter wheat, which should be based on knowledge of the main stages of plant
development, their nutrient requirements, as well as the specific soil and climatic
conditions of the zone, predecessors, and varietal characteristics of winter wheat [3-5].

The issue of intensifying grain production is inseparable from the production and use
of new biogenic effective preparations that positively affect the growth and development
of cultivated plants [6].

Thus, studying and developing biotechnological methods of cultivating crops, taking
into account the requirements of modern high-yielding varieties and constantly changing
climatic conditions, is a relevant research direction. Increasing the yield of winter wheat
grain while reducing resource costs and chemical substances load on the soil is a priority
direction for the development of agriculture, success in which can be achieved through
the ecologization of crop farming [7; 8].

Analysis of recent research and publications. Correction of the component
composition and quantity of mineral fertilizers, taking into account all necessary
nutrients for the formation of healthy and high-yielding plants, in combination with
biologically active substances, can significantly reduce production costs and increase
the efficiency of winter wheat grain cultivation [9].

Recently, due to insufficient use of organic fertilizers, the role of mineral fertilizers
has significantly increased. In order to obtain stable yields of winter wheat with high
grain productivity, it is necessary to create optimal conditions for plant nutrition,
primarily with macroelements. One of the important conditions for effective fertilizer
use is determining the plant’s nutrient requirements for the desired yield level, taking
into account the content of mobile NPK compounds in the soil [10].

Increasing the grain yield of winter wheat is directly related to various elements
of crop structure, for example, the amount of productive straw per unit area. Previous
researchers have found that the productivity and grain yield of wheat depend on 50 %
on productive straw, 25 % on the number of grains per spike, and 25 % on the weight
of 1000 grains. These indicators are also influenced by the nutrient content of crop
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residues from previous crops, but to a greater extent, by weather conditions in the year
of sowing [11-14].

Due to active climate change and global warming, moisture has become the main
key factor affecting the yield of agricultural crops. In the conditions of the Northern
Steppe of Ukraine, it is especially important to accumulate and preserve moisture in
the soil in order to provide plants with maximum moisture, which has the greatest
impact on the yield level of agricultural crops, including winter cereals. In addition, soil
moisture not only determines the level of plant vitality but also determines the activity of
microorganisms that ensure the intensity of many physicochemical processes in plants.

Recently, there has been an increasing interest among domestic farmers in biological
preparations [15]. Biopreparations stimulate the growth and development of agricultural
crops, increase resistance to stress and diseases, and balance nutrition. This effect is
achieved through the action of live bacteria that convert insoluble compounds in the soil
into available forms. Active microorganisms provide additional nitrogen nutrition and
protect plants from bacterial and fungal diseases [16].

Biopreparations allow fully realizing the potential of varieties when the cultivation
technology does not correspond to their genetic capabilities to ensure an adequate level
of reliability and protection of the genotype from the adverse effects of biotic and abiotic
factors of the external environment [17].

The complex use of traditional methods of winter wheat cultivation with new innovative
elements of biologization makes it possible to significantly increase plant productivity and
the quality of the cultivated products in different soil-climatic zones [18-20].

Task of research. Justify the yield level and productivity of winter wheat depending
on the fertilization system and biopreparation for its cultivation in a short crop rotation.

Materials and methods of research. Field research was conducted from 2019 to
2023 in the agriculture laboratory of Institute of Agriculture of the Steppe, National
Academy of Agrarian Sciences. Research methods included field and laboratory-field
experiments. The object of the research was the fertilization systems and biopreparation.

Winter wheat variety Oranta Odeska was grown in a short crop rotation, which
included the following crop rotation: 1) Fallow and occupied fallow; 2) Winter wheat;
3) Soybean; 4) Corn for grain; 5) Sunflower. Peas were sown in the occupied fallow, and
mineral fertilizers were applied at a rate of N;P;,K,.

The cultivation technology of winter wheat in crop rotations is generally accepted
for the zone, except for the techniques that are being studied.

Winter wheat was sown at optimal sowing dates with a seeding rate of 4.5 million
seeds/ha, using three fertilization systems: 1. Without fertilizers; 2. Mineral fertilization
system (NyoP¢Ky,); 3. Organic-mineral (N;,P;,K;, — at sowing, N;,P;K;, — under the cover
crop, and N, — in early spring fertilization) using by-products of the cover crop as organic
matter. The variants with fertilization systems were divided into variants without seed
inoculation with a biopreparation for winter wheat and with the use of the biologically
active preparation Mycofriend (1.0 L/ton). Mycofriend is a mycorrhizal biopreparation, the
main biological action of which is plant nutrition and protection against diseases.

The general cultivation technology was as follows: primary soil tillage began with
two-time plowing. The first plowing was done to a depth of 6-8 cm, and the second
plowing was done to a depth of 8—-10 cm 2-3 weeks after the first plowing (when weeds
appeared).

In the fall, deep plowing was carried out to a depth of 23-25 cm. Pre-sowing
soil preparation consisted of cultivation to a depth of 5-8 cm. If necessary, chemical
protection against weeds was applied as insurance herbicides.
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Care for the crops consisted of post-sowing harrowing. Control of pests and diseases
was carried out according to existing recommendations in the zone. The establishment and
conduct of experiments were carried out according to the methodology of field research.

The weather conditions during the cultivation of winter wheat from 2019 to 2021
were not favorable enough to achieve high productivity indicators for the studied crop.
The weather conditions during the research period from 2022 to 2023 were favorable
enough to achieve high yields and productivity of winter wheat.

The results of the research conducted in 2019 showed that the yield of winter wheat
depended on the fertilization systems and their interaction with the biopreparation. The
yield level was significantly higher in the mineral and organic-mineral fertilization
systems compared to the variant without fertilizers, with an increase of 0.41 t/ha and
0.64 t/ha, respectively (Table 1). When the organic-mineral fertilization system was
combined with seed inoculation using the biopreparation, a significant yield increase of
0.29 t/ha was observed compared to the control without fertilizers. The biopreparation
resulted in a significant yield increase of 0.37 t/ha in the variant without fertilizers.

Table 1
Yield of winter wheat variety Oranta Odeska depending on the fertilization
system and biopreparation (2019-2023)

Years Difference
Fertilization | _,. . Average
Biopreparation for for
system (factorB) | 2 | S| 5| Q| & | forthe | ¢ tora |factor B
(factor A) S8/ 818! 8§ years actor actor
tha| % |t/ha| %
Without 459|5,12(3,78(7,88|7,04| 568 | — | — | - | -
Without | biopreparation
fertilizers |\t cofiiend  |4.96|5.94|440(826|724| 616 | — | — |048|84
Without 5 5016 07| 4,59 (8,18|8.94| 656 |087|154| — | -
. biopreparation
Mineral
Mycofriend 5,16(6,44]4,84(8,65(9,40| 6,90 |0,74|12,0|0,34(5,2
Organic- | ithout s 57 1622(4.87]8,92/9,09| 686 |1,18208] — | -
mineral biopreparation
Mycofriend 525(6,53]5,35]9,45]9,61] 724 [1,08]17,5]037]5,5
Factor A 0,33]0,28]0,32]0,00[021] 036 | - | - | - | -
factor B 0,27]0,23]0,26]0,08[0,17] 0290 | — | — | - | -
LSDos  Moteraction of
nteraction o
Fctors AB 0,47]0,40|0,46]0,1310,29| 050 | — | — | = | -

In 2020, the yield of winter wheat ranged from 5.12 t/ha in the control variant without
fertilizers to 6.53 t/ha in the variant with the organic-mineral fertilization system using
Mycofriend. Significant yield increases were observed when using the biopreparation,
ranging from 0.31-0.38 t/ha in the mineral and organic-mineral fertilization systems to
0.83 t/ha in the variant without fertilizers. The use of both mineral and organic-mineral
fertilization systems, either alone or in combination with seed inoculation, resulted in
significant yield increases ranging from 0.50 t/ha in the mineral fertilization system with
the biopreparation to 1.10 t/ha in the organic-mineral fertilization system.
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Analyzing yield data y years of research, it was determined that the lowest winter
wheat yield was obtained in 2021. However, the yield increases from the use of
fertilization systems and their combination with a biopreparation were significant this
year, ranging from 0.45 t/ha for a mineral fertilization system with a biopreparation to
1.10 t/ha for an organo-mineral fertilization system. The separate effect of the microbial
preparation was noted in the organo-mineral fertilization system and without fertilizers,
with yield increases of 0.48 t/ha and 0.62 t/ha respectively.

Favorable weather conditions in 2022 allowed for a winter wheat yield ranging
from 7.88 t/ha without fertilizers to 9.45 t/ha for an organo-mineral fertilization system
with the use of a bioinoculant. The yield increases from the investigated factors were
significant, ranging from 0.30 t/ha for a mineral fertilization system to 1.19 t/ha for
the use of an organo-mineral fertilization system and microbial preparation. The yield
increases from the application of the biopreparation were determined as follows:
without fertilizers — 0.38 t/ha, mineral fertilization system — 0.47 t/ha, organo-mineral
fertilization system — 0.53 t/ha. A similar dependence on the use of a microbiologically
active preparation was observed in the conditions of 2023, with yield increases of
0.20 t/ha without fertilizers, 0.45 t/ha for a mineral fertilization system, and 0.52 t/ha
for an organo-mineral fertilization system.

Comparing winter wheat yield indicators, it can be stated that the most favorable
conditions in five years of research were observed in 2022 when all fertilization systems
contributed to high yields.

In the conditions of 2023, Oranta Odeska winter wheat plants had the opportunity
to reach their highest yield potential with an organo-mineral fertilization system using
the biologically active preparation Mycoftriend, reaching 9.61 t/ha. This was facilitated
by the application of fertilizers, while the yield without fertilizers was 0.84 t/ha lower
compared to the indicators of 2022. Therefore, the conditions of 2022 were more favorable
for the investigated variants and to some extent neutralized the investigated factors. It
was established that in the conditions of 2023, the use of a mineral and organo-mineral
fertilization system, along with their combination with a microbial preparation, contributed
to significantly higher yields compared to variants without fertilizers and without a
biopreparation. The yield increases ranged from 1.90 t/ha for a mineral fertilization system
to 2.38 t/ha for an organo-mineral fertilization system with the use of an inoculant.

Taking into account that the winter wheat yield, under the influence of unfavorable
weather conditions from 2019 to 2021, ranged from 3.78 to 6.53 t/ha, the average
yield over the years of research ranged from 5.68 t/ha without fertilizers to 7.24 t/ha
for an organo-mineral fertilization system with a microbial preparation. Significant
yield increases were determined for mineral (0.87 t/ha or 15.4%) and organo-
mineral fertilization systems (1.18 t/ha or 20.8 %), as well as their combination with
a biopreparation — 0.74 t/ha and 1.08 t/ha respectively.

It was established that the average yield increase indicators for winter wheat from
2019 to 2023 were significant and amounted to 0.34 t/ha for a mineral fertilization
system, 0.37 t/ha for an organo-mineral fertilization system, and 0.48 t/ha without the
application of fertilizers.

Therefore, the highest level of productivity was formed by winter wheat plants of
the Oranta Odeska variety in 2022 in the variant without fertilizers, which amounted to
7.88 t/ha. In 2023, the highest yield was obtained in the mineral fertilization system —
8.94 t/ha, and in the organic-mineral fertilization system — 9.09 t/ha. The highest yield
of winter wheat was formed in 2023 in the organic-mineral fertilization system with
the use of the biopreparation, reaching 9.61 t/ha. It was found that on average over the
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five years of research, the use of the mineral fertilization system and its combination
with the biopreparation contributed to significant yield increases, amounting to 0.87 t/ha
and 0.74 t/ha, respectively. The use of mineral fertilizers with a cover crop and its
combination with seed inoculation before sowing also resulted in significant yield
increases, amounting to 1.18 t/ha and 1.08 t/ha, respectively. The use of the microbial
preparation led to significant yield increases, which amounted to 0.48 t/ha (8.4 %)
in the variant without fertilizer application, 0.37 t/ha (5.5 %) in the organic-mineral
fertilization system, and 0.34 t/ha (5.2 %) in the mineral fertilization system.

Over the years of conducting research on winter wheat cultivation in the conditions
of the northern steppe of Ukraine, we determined the indicators of yield productivity
elements depending on fertilization systems and seed treatment with a biopreparation.
The analysis of the obtained data showed that the increase in grain units yield per unit
area occurred both due to the fertilization system and the biopreparation. However, it
should be noted that a more significant increase in this indicator was observed in the
mineral and organo-mineral fertilization systems. For example, the application of only
NooPeoKeo per hectare allowed for an additional 0.96 tons of grain yield (15.4 %) and
with the use of by-products of the previous crop — 1.30 t/ha (20.8 %), which resulted in
a winter wheat productivity of 7.21 t/ha and 7.55 t/ha, respectively (Table 2).

Table 2
Winter wheat productivity of the Oranta Odeska variety depending
on the fertilization system and biopreparation (2019-2023)
Difference
Fertilization system . . Average for f for
(factor A;I Biopreparation (factor B) for 2019—g2023 actor A | factor B
t/ha| % |tha| %
Grain units yield

. . Without biopreparation 6,25 - — - | -
Without fertilizers Mycofriend 6.77 — ~ 05284
Mineral Without biopreparation 7,21 096|154 - | —
Mycofriend 7,59 0,81(12,0(0,37(5,2

Organic-mineral Without biopreparation 7,55 1,30(20,8| — | —
Mycofriend 7,96 1,19(17,5[0415,5

Feed units yield

. . Without biopreparation 8,01 — - =
Without fertilizers Mycofriend 8.68 — ~ 106784
Mineral Without biopreparation 9,24 1,23 (154| - | —
Mycofriend 9,73 1,04 12,0 (0,48 5,2

Organic-mineral Without biopreparation 9,68 1,67 20,8 | — -
Mycofriend 10,21 1,52117,5]10,53 | 5,5

Protein units yield

. .. Without biopreparation 0,68 - — - | -
Without fertilizers Mycofriend 0.74 - ~1006]93
Mineral Without biopreparation 0,79 0,11 (164 - | —
Mycofriend 0,83 0,09 (12,0(0,04 5.2

Organic-mineral Without biopreparation 0,82 0,15|21,8| — | —
Mycofriend 0,87 0,13(17,5]0,04|5,5
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Seed inoculation with the biopreparation significantly influenced the productivity
of winter wheat in the mentioned fertilization systems. Despite the highest grain units
yield with the use of Mycofriend in the organo-mineral fertilization system — 7.96 t/ha,
the most effective action of the preparation was observed without the application of
fertilizers — +0.52 t/ha (8.4 %). The use of the biopreparation in the mineral fertilization
system was least effective — +0.37 t/ha (5.2 %).

It should be noted that in our experiments, similar trends were observed in the
formation of other indicators of winter wheat productivity. Thus, the feed units yield
in the mineral and organo-mineral fertilization systems was higher than in the variant
without fertilizers — 9.24 t/ha and 9.68 t/ha, with an increase of 1.23 t/ha (15.4 %) and
1.67 t/ha (20.8 %), respectively. The interaction of the organo-mineral fertilization
system with the biopreparation resulted in the highest feed units yield — 10.21 t/ha, but
in terms of intensity, the combined effect of these factors was inferior to the variant
without the use of the inoculant in the organo-mineral fertilization system — +1.52 t/ha
(17.5 %). The biopreparation had the most effective action in the natural nutrition system,
providing an additional 0.67 tons of feed units per hectare or 8.4 %.

The increase in digestible protein yield depended on the application of mineral and
organic substances under winter wheat cultivation. The largest increase in additional
production was obtained with the organo-mineral fertilization system — +0.15 t/ha
(21.8%), and seed treatment with Mycofriend in this fertilization system resulted in
the highest digestible protein yield — 0.87 t/ha. It should be noted that the intensity of
Mycofriend’s action decreased equally in the mineral and organo-mineral fertilization
systems — +0.04 t/ha compared to the control — +0.06 t/ha.

The indicators of winter wheat productivity of the Oranta Odeska variety varied
significantly over the years of research, confirming the influence of weather and climatic
conditions on the biological potential of the crop. The highest grain units yield, feed unit
yield, and digestible protein yield were obtained in 2022 and 2023.

The conditions in 2022 were the most favorable for the formation of crop productivity
for the cultivation of winter wheat without the application of fertilizers: we got 8.67 t/ha
of grain units yield, 11.12 t/ha of feed units yield, and 0.94 t/ha of digestible protein.
Seed treatment with the biopreparation increased these indicators in these conditions to
9.09 t/ha, 11.65 t/ha, and 0.99 t/ha, respectively (Figure 1, 2, 3).
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Fig. 1. Yield of grain units from the harvest of winter wheat variety Oranta Odeska
depending on the fertilization system and biopreparation (2019-2023)
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However, the highest nutrient yield from the produced crop was obtained in 2023
with the use of mineral and organo-mineral fertilization systems. Seed treatment with
the biopreparation provided the highest productivity indicators for the Oranta Odeska
variety in this year: 10.57 t/ha of grain units yield, 13.55 t/ha of feed units yield, and
1.15 t/ha of protein units.

Over the years of research, the yield of grain units per unit area of winter wheat
variety Oranta Odessa varied between 4.15 and 10.57 t/ha. Despite the lowest grain units
obtained in 2021 (4.15-5.88 t/ha), the variation of this indicator was within 1.73 t/ha
(1.55 t/ha in 2020, 1.72 t/ha in 2022).

It should be noted that the formation of winter wheat productivity in 2019 was
characterized by unfavorable weather conditions for achieving high performance indicators
of the studied crop. However, the fertilization systems and biopreparations had the least
impact on yield grain units in this year, within the range of 0.73 t/ha (Figure 2).
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Fig. 2. Yield of feed units from the harvest of winter wheat variety Oranta Odeska
depending on the fertilization system and biopreparation (2019-2023)

In the conditions of the northern Steppe of Ukraine, the indicators of winter wheat
yieldfeed units ranged from 5.33 t/ha to 13.55 t/ha. The highest collection of feed
units was in 2023 with the use of a biopreparation under a mineral and organo-mineral
fertilization system — 13.25 t/ha and 13.55 t/ha respectively (Figure 2). Moreover, the
variation of this indicator in such conditions was also the highest — 3.62 t/ha. Attention
should be paid to the indicators of feed unit yield in 2019 — they ranged from 6.47
to 7.40 t/ha, with a difference depending on the fertilization system and the use of
biopreparation within the range of 0.93 t/ha. Thus, the influence of the factors we studied
in this year was the smallest over the years of research.

Over the course of five years of research, we observed a similar trend in terms of
accumulating protein units in the grain of Oranta Odeska. The highest indicator was
recorded in 2023 with the use of a mineral and organo-mineral fertilization system with
seed treatment with a biopreparation — 1.13 t/ha and 1.15 t/ha respectively, and the
difference between them was not significant. The lowest output of protein units was in
2021 — 0.45-0.64 t/ha. In the conditions of 2019, the difference in protein collection
from grain, which was formed under different fertilization systems and with the use of
the biopreparation Mycofriend, was not significant, and the fluctuation of the indicator
was within 0.08 t/ha (Figure 3).
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Fig. 3. Yield of protein units from the harvest of winter wheat variety Oranta Odeska
depending on the fertilization system and biopreparation (2019-2023)

Despite the fact that the lowest protein output was in 2021 (0.45 t/ha), the application
of fertilizers and seed treatment with a biopreparation increased the indicators to
0.64 t/ha under the organo-mineral fertilization system.

Thus, the highest level of productivity was achieved by plants of winter wheat
variety Oranta Odeska under the organo-mineral fertilization system with the use of the
biopreparation Mycofriend: 7.96 t/ha of grain units, 10.21 t/ha of feed units, 0.87 t/ha of
protein units. However, the most intensive accumulation of nutrients occurred without
seed treatment with the biopreparation: an additional were obtained 1.30 t/ha (20.8 %)
of grain units, 1.67 t/ha (20.8 %) of feed units, 0.15 t/ha (21.8 %) of protein units. The
effectiveness of the Mycofriend preparation was highest without the application of
fertilizers: +0.52 t/ha (8.4 %) of grain units, +0.67 t/ha (8.4 %) of feed units, +0.06 t/ha
(9.3 %) of protein units. The influence of the biopreparation on the productivity of the
Oranta Odeska variety was minimal under the mineral fertilization system.

The highest collection of nutrients was obtained in favorable weather conditions
during the years of research — 2022 and 2023. The highest level of productivity in these
years was achieved under the organo-mineral fertilization system with the use of the
biopreparation: 10.39 t/ha and 10.57 t/ha of grain units, 13.32 t/ha and 13.55 t/ha of feed
units, and 1.13 t/ha and 1.15 t/ha of protein units. Fertilization systems and biologization
had the most intensive impact on productivity indicators in more favorable weather
conditions. Critically insufficient moisture and high temperatures neutralized the
effect of nutrients and microorganisms, and the output of nutrient units was the lowest
in 2021 and 2019 — 4.15-5.88 t/ha and 5.04-5.77 t/ha of grain units, 5.33—7.54 t/ha
and 6.47-7.40 t/ha of feed units, 0.45-0.64 t/ha and 0.55-0.63 t/ha of protein units,
respectively.

Conclusions:

1. The highest level of productivity was achieved by plants of winter wheat variety
Oranta Odessa without the application of fertilizers in 2022, which amounted to
7.88 t/ha. On the backgrounds of mineral and organo-mineral fertilization systems, the
highest yield was in 2023, reaching 8.94 t/ha and 9.09 t/ha, respectively. The maximum
level of productivity — 9.61 t/ha was also in 2023 under the conditions of growing winter
wheat with the combination of organo-mineral fertilization system and the use of a
biopreparation.
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2. The use of the microbial biopreparation Mycofriend contributed to significant
increases in productivity without the application of fertilizers: 0.48 t/ha (8.4 %), under
the organo-mineral fertilization system: 0.37 t/ha (5.5%), and under the mineral
fertilization system: 0.34 t/ha (5.2 %).

3. The highest level of productivity was achieved by plants of winter wheat under
the organo-mineral fertilization system with the use of the biopreparation Mycofriend:
7.96 t/ha of grain units, 10.21 t/ha of feed units, 0.87 t/ha of protein units.

4. The most significant effect of the biopreparation was observed without the
application of fertilizers, with additional gains of 0.52 t/ha (8.4 %) of grain units,
0.67 t/ha (8.4 %) of feed units, and 0.06 t/ha (9.3 %) of protein units.

5. The highest collection of nutrients was obtained in favorable weather conditions
during the years 2022 and 2023 under the organo-mineral fertilization system with
the use of the biopreparation: 10.39 t/ha and 10.57 t/ha of grain units, 13.32 t/ha and
13.55 t/ha of feed units, and 1.13 t/ha and 1.15 t/ha of protein units, respectively.
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