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The article presents the results of studies on the influence of pre-sowing seed treatment and foliar
feeding with biological products on the economic efficiency of growing the studied soybean plants of
the Samorodok and Amadeus varieties. Our research is carried out at the expense of the state budget
fund within the framework of scientific and research work on the topic: «Development of scientific and
technological support for increasing soil fertility and rational use of the potential of biological
resources» (state registration number: 0124U000444).

The economic efficiency of soybean cultivation was studied with improved elements of cultivation
technology, such as pre-sowing seed treatment and foliar feeding with biological products. It was
found that when treating seeds before sowing with the bio-inoculant Rizoline + Rizosave and two foliar
feedings with microfertilizers Azotofit-r and Organic balance in combination with microelements
HelpRost soy and HelpRost boron, the highest conditional net profit was obtained in the Amadeus and
Samorodok varieties at the level of 21683 UAH and 18113 UAH, respectively. After calculations, the
profitability of the Samorodok variety was 88,2%, which is 35% more than the control variant, and in
the Amadeus variety 104.3%, which is 27.7% more than the absolute control, respectively.

Thus, the economic analysis of the research results confirmed the effectiveness of biologization
elements in soybean cultivation, and the combination of biological products and microfertilizers of
different effects not only increases the level of yield, but also creates a favorable environment in the
soil that improves the absorption of nutrients by plants, increases their resistance to diseases and
adverse conditions, and also ensures long-term soil fertility and leaves more nitrogen in an easily
accessible form for subsequent crops in the crop rotation.

Keywords: Varieties, sowing date, row spacing, competitiveness, feeding area, productivity, seed
treatment, manufacturability, profitability, crop structure.

Table. 4. Fig. 1. Lit. 12.

Problem statement. Soybean is one of the most valuable crops grown due to its
nutritional properties, high yield potential and economic profitability. Among the
features of soybean that make it popular in agriculture is its high protein content, which
in terms of amino acid composition is close to animal proteins, such as eggs, milk and
meat. Many original food, feed and industrial products are made from soybeans. Due to
this, soy products are an ideal source of dietary protein that is well absorbed by the
body, which allows them to be used not only in nutrition, but also in the production of
animal feed. In Ukraine, thanks to the work of breeders, it has been possible to create a
large number of high-yielding varieties adapted to local soil and climatic conditions,
which are not inferior in quality to foreign varieties and at the same time remain non-
genetically modified. This allows us to satisfy domestic demand for high-quality protein
and oil, as well as ensure profitable exports.
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The correct selection of a soybean variety for specific soil and climatic conditions
and the use of modern agrotechnical methods are important for achieving maximum
productivity. Therefore, improving the technology of growing the crop in accordance
with the conditions of the region, taking into account the selection of high-yielding
soybean varieties, seed treatment and foliar feeding with chelate microfertilizers in the
conditions of climate change of the Right-Bank Forest-Steppe is an important national
economic problem that requires scientific and practical justification.

An important issue remains the improvement of the quality of soils and agricultural
products. Due to the irrational use of chemicals in the cultivation of agricultural plants,
the number of beneficial soil microorganisms is significantly reduced and pesticides
accumulate. Therefore, the problem of growing organic crop products arises. This has a
positive effect on the entire agriculture. One of the safe means of protecting and
nourishing plants in organic farming is the use of biological products and biofertilizers,
namely the cultivation of soybeans with elements of biologization.

Analysis of recent research and publications. The formation of crop
productivity, in particular soybeans, really depends on many factors, including both
external factors and internal resources of the plant itself. The correct approach to
cultivation technology and timely implementation of each agrotechnical measure allow
you to maximize the potential of the crop. In particular, pre-sowing treatment of soybean
seeds and fertilizing plants with biological products are critical for ensuring optimal
development conditions. This helps to increase the yield and resistance of plants, taking
into account the specifics of the variety, processing methods and climatic features of the
growing region. The widespread belief about the profitability of growing GMO
soybeans was based on the simplicity of weed control using herbicides. However, the
development of agricultural technologies, in particular the use of soil-based herbicides
and crop rotation, allows for effective weed control even when growing traditional
soybeans. In addition, the significant increase in the price of glyphosate-based
herbicides used to treat GMO soybeans has made its cultivation more expensive.
Demand on the world market is also an important factor. European countries, the main
importers of Ukrainian soybeans, prefer non-GMO products, which has a positive effect
on the price of traditional soybeans. Thus, given the current economic and market
conditions, growing certified traditional soybeans is more profitable for Ukrainian
farmers. Market analysis shows a significant difference in price between traditional and
GMO soybeans. In particular, conventional soybeans can cost 70-230 euros per ton of
soybean meal more, which is due to market conditions. Given this price difference,
growing conventional certified soybeans is economically more feasible [1].

As of 2021, the total volume of organic products exported from Ukraine to the
world is 261,000 tons worth 222 million USD (of which soybeans take 2nd place -
65,000 tons worth 59 million USD). The total volume of exports to the EU countries is
189,200 tons worth 160 million USD (Fig. 1.). The occupation of a significant part of
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the southern regions of Ukraine in 2022 led to a reduction in soybean acreage. At the
same time, farmers made every effort to restore production in the liberated territories,
and today agricultural activity there has almost completely resumed [2-4].
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Fig. 1. Top 10 exported organic products from Ukraine to the world and EU

countries
*Source: compiled by the author based on [3, 4].

Despite all the challenges associated with a full-scale war, Ukrainian organic
producers have demonstrated resilience and adaptability, continuing their activities and
even increasing export volumes in 2022. This indicates the significant potential of
organic production and its importance for the further development of the country's agro-
industrial complex [5]. Organic farming involves the use of exclusively natural soil
resources, organic fertilizers, biological plant protection products, high-quality seeds,
etc. Environmentally safe soybean growing technologies involve reducing the impact of
harmful chemicals on the environment, so in our research we used biopreparations that
do not harm the environment and meet all environmental standards. The studies of
Novitska N.V., Lemeshik A.V. and Babenka V.M. established that the use of chelated
microfertilizers had a positive effect on the formation of grain mass and the number of
beans per plant of the studied soybean varieties. The maximum value of the 1000-seed
mass index was 194.0 g compared to the absolute control - 182.3 g. Thus, the
experiment obtained a yield index ranging from 2.68 to 3.11 t/ha, depending on the
chelated microfertilizers [6].

Organic production of soybean seeds is one of the strategic directions of
accelerated development of the agro-industrial complex of Ukraine and the main goal
of the European Green Deal. Our Ukrainian scientists Didur .M. and Pantsyreva H.V.
believe that this is achieved, first of all, by reducing the use of pesticides and mineral
fertilizers, finding ways to expand biological measures, inoculation, reducing the
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intensity of soil cultivation in accordance with the transition to eco-conserving
technologies based on the selection of high-yielding varieties, which differ in maturity
groups according to the sum of effective temperatures. Organic production of soybean
seeds is one of the strategic directions of accelerated development of the agro-industrial
complex of Ukraine and the main goal of the European Green Deal. Our Ukrainian
scientists Didur I.M. and Pantsyreva H.V. believe that this is achieved, first of all, by
reducing the use of pesticides and mineral fertilizers, finding ways to expand biological
measures, inoculation, reducing the intensity of soil cultivation in accordance with the
transition to eco-conserving technologies based on the selection of high-yielding
varieties, which differ in maturity groups according to the sum of effective temperatures

[7].

Studies by Didur .M. and Tsygansky V.I. prove that the key factor affecting the
final yield of soybeans is the size and weight of the grain. Optimal plant nutrition with
fertilizers significantly contributes to an increase in the mass of a thousand grains, which
directly affects the total yield [10]. Thus, experimental data by Yatsenko V.V. indicate
that the use of inoculant for seed treatment and top dressing provided improved
conditions for the growth and development of soybean plants and the formation of their
productivity elements, which in turn increases the economic efficiency of growing this
crop [11].

The purpose of the research was to study the economic efficiency of soybean
cultivation with inoculation and foliar feeding with biological preparations of the BTU
Center in the conditions of the Right Bank Forest-Steppe. The economic efficiency of
soybean cultivation was determined by the calculation method using technological maps
at prices that were established for the period of completion of scientific research (2024).
According to the results of experimental research, the yield of soybean seeds (t),
cultivation costs (UAH/ha), the cost of gross production and sales of raw materials
(UAH), conditional net profit (UAH) and profitability (%).

Materials and methods of research. Field research was conducted in the field of
the Agronomichne research farm during 2022-2024. The soybean varieties Amadeus and
Samorodok were studied in conditions typical for the Right-Bank Forest-Steppe on gray
forest medium-loam soils, but with different weather conditions. They differed
significantly during the research period, with the conditions of 2023 being the most
favorable for plant growth. Agricultural technology in the experiment is generally
accepted for the Forest-Steppe zone, with the exception of the factors that were put
forward for study. The experiment scheme is presented in Table 1. Seed treatment was
carried out with modern  Dbio-inoculants  «Rizoline» +  «Rhizosave»
(Bradyrhizobiumjaponicum and Rhizobium leguminosarum) with a drug consumption
rate of 2.0 I/t + 0.5 I/t of seed. Seeds were sown to a depth of 3-4 cm with a row spacing
of 45 cm. Top dressing was carried out with multi-component chelate complex
microfertilizers Azotofit-r (0.5 I/ha) and Organic Balance (0.5 I/ha) in combination
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Table 1
Experimental design

(Factor A) Variety | (Factor B) Inoculation (Factor C) Foliar fertilization of crops

1. Without fertilizing (control);
2. Crop treatment: 1) Azotofit + Helprost Soy + Liposam;

1. Without 2) Azotofit + Helprost Boron + Liposam;
1. Samorodok inoculation (control) | 3. Crop treatment: 1) Organic balance + Helprost Soy +
2. Amadeus 2. Rizoline-r+ Liposam; 2) Organic balance + Helprost Boron + Liposam;
Rizosave 4. Crop treatment: 1) Organic balance + Azotofit +

Helprost Soy + Liposam; 2) Organic balance + Azotofit +
Helprost Boron + Liposam.

*Source: compiled by the author based on his own research

with microelements HelpRost soy (1.0 I/ha) and HelpRost boron (0.5 I/ha) in the phase
of the first - third true leaf and in the phase of budding - flowering. Harvesting was
carried out by direct combining. The harvest was recorded according to the
Methodology for conducting a qualification examination of plant varieties for suitability
for distribution in Ukraine, and the level of profitability was determined by
mathematical calculations [12].

Research results. Our scientific research has confirmed the effectiveness of using
biological products in soybean fertilization systems. Given the instability of mineral
fertilizer prices, the use of biological products has become a relevant solution for
reducing production costs and increasing yields.

According to the results of the research, it was found that the yield indicators of the
Samorodok and Amadeus varieties in 2023 were slightly higher compared to the
indicators of 2022 and 2024, since hydrothermal conditions were more favorable for the
full realization of the genetic potential of the studied crop. It was found that the highest
soybean yield was recorded in 2023 in the Amadeus variety in the variant with pre-
sowing seed treatment Rizoline-r + Rizosave with a drug consumption rate of 2.0 I/t +
0.5 I/t of seed and double fertilizing with microfertilizers Azotofit-r (0.5 I/ha) and
Organic Balance (0.5 I/ha) in combination with microelements HelpRost soy (1.0 I/ha)
and HelpRost boron(0.5 I/ha), which amounted to 3.64 t/ha, while in 2022 this indicator
was lower by 0.17 t/ha, and in 2024 - by 0.13 t/ha, respectively. On average over the
years of research, the use of inoculation and foliar fertilization increased soybean yield
by 28.63% compared to absolute control. According to the results of the research, the
Samorodok variety showed slightly lower yield indicators compared to the Amadeus
variety. The highest yield was recorded in 2023 on the variant with pre-sowing seed
treatment with bio-inoculants «Rizoline» + «Rhizosave» (Bradyrhizobiumjaponicum
and Rhizobium leguminosarum) and double fertilizing with chelate microfertilizers
«Azotofit-r» and «Organic Balance» in combination with microelements «HelpRost
soy» and «HelpRost boron» in the phase of 2-3 true leaves and in the budding-

93



ISSN 2707-5826 CI/IbCHKE I'OCIIOJAPCTBO

TA JIICIBHUL]ITBO

Pocrunnuymeo, cywacuuii cman
ma nepcnekmusu Po36UMKY

Ne36
2025

Table 2

The effect of chelate microfertilizers and bioinoculants on the yield of soybean
varieties Samorodok and Amadeus, t/ha

Increase
< | o o | o | < (3255
E | £ 329 £ B
S1 & | 1. Without fertilizing (control) 2,02 | 2,33 | 2,13 2,16 - -
$2 ks 2. Azotofit + Helprost Soy; Azotofit + 245 | 256 | 25 2.50 034 | 1372
3 Helprost Boron
£ | 3. Organic balance + Helprost Soy; Organic
S3 § balance + Helprost Boron 2,51 | 2,63 | 2,59 2,58 0,42 | 16,17
£ | 4. Organic balance + Azotofit + Helprost Soy;,
S4 < | Organic balance + Azotofit + Helprost Boron 2,64 | 289 | 2,76 2,76 0,60 | 2183
Shi 5. Without fertilizing 2,62 | 2,76 | 2,66 2,68 0,52 | 19,40
S6i |+ o 6. IAzotoflt + Helprost Soy; Azotofit + 31 | 297 | 2.89 2,99 083 | 27.68
I T e
. |.£ 4| 7. Organic balance + Helprost Soy; Organic
STi |5 & | patance + Helprost Boron 9304 | 307 | 305 | 305 | 089 | 2926
= X
.| & 8. Organic balance + Azotofit + Helprost Soy;
S8 Organic balance + Azotofit + Helprost Boron 3,21 13261 318 3,22 106 | 32,85
Al 1. Without fertilizing (control) 247 | 2,58 | 2,53 2,53 - -
A2 | S 2. Azotofit + Helprost Soy; Azotofit + 265 | 294 | 283 281 028 | 998
== Helprost Boron
A3 S 3 3. Organic balance + Helprost Soy; Organic 274 | 2,98 | 2.9 2,87 035 | 12,06
= 9| balance + Helprost Boron
"~ | 4. Organic balance + Azotofit + Helprost Soy;
Ad Organic balance + Azotofit + Helprost Boron 307 | 3151308 3,10 0.57 1 1843
ASi 5. Without fertilizing 2,75 | 2,81 | 2,77 2,78 0,25 | 9,00
A6 |+ |6_|.IAzot(g|t + Helprost Soy; Azotofit + 317 | 34 3.2 3,26 073 | 2242
5 7. Organic balance + Filprost Soy; Organ
. |.£ 4| 7. Organic balance + Helprost Soy; Organic
AT | R balange + Helprost Boron P Y, DreaniQ 557 1 343 | 326 | 332 | 0,79 | 23,90
=
.| & 8. Organic balance + Azotofit + Helprost Soy;
A8i Organic balance + Azotofit + Helprost Boron 347 | 364 | 351 3,54 101 | 28,63
LSD o5 Factor A 0,014 | 0,021 | 0,017
LSD (o5 Factor B 0,014 | 0,021 | 0,017
LSD g5 Factor C 0,020 | 0,030 | 0,024
LSD (05 Factor AB 0,020 | 0,030 | 0,024
LSD (5 Factor AC 0,028 0,042 | 0,033
LSD g5 Factor BC 0,028 | 0,042 | 0,033
LSD (5 Factor ABC 0,039 0,060 | 0,047

Note: S1 — S8i — Samorodok variety; A1 — A8i — Amadeus variety

*Source: compiled by the author based on his own research

flowering phase, which amounted to 3.26 t/ha, while in 2022 this indicator was lower by

0.05 t/ha, and in 2024 — by 0.08 t/ha, respectively.
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On average over the years of research, the use of inoculation and foliar fertilization
increased soybean yield in the Samorodok variety by 32.85% compared to absolute
control. During the research, the economic efficiency of seed inoculation and four
options for foliar feeding of the studied soybean varieties was evaluated, taking into
account the yield indicators for the years of research and the costs at 2024 prices
associated with growing the studied soybean varieties in the conditions of the Right-

Bank Forest-Steppe (presented in Tables 3, 4).
Table 3
Economic efficiency of growing soybeans of the Amadeus variety with
inoculation and foliar feeding (average for 2022-2024)

Variety Ferti_lizer Cultivation costs| Product cost Cond_itional net Profitability

option (UAH/ha) (UAH) profit (UAH) (%)

Al 17191 30360 13169 76,6

A2 19044 33720 14677 77,1

A3 19079 34440 15362 80,5

Amadeus A4 19319 37200 17882 92,6
AS5i 18670 33360 14690 78,7

A6i 20523 39120 18598 90,6

A7i 20558 39840 19283 93,8

A8i 20798 42480 21683 104,3

Note: Al — A8i — elements of soybean growing technology, the decoding is given in Table 2
*Source: formed by the author based on his own research

According to the results of the calculations, it was found that the factors studied,
namely pre-sowing seed treatment and foliar feeding, had a significant impact on the
economic efficiency of soybean cultivation. On average, over the years of research, the
total costs of growing soybeans of the Samorodok and Amadeus varieties ranged from
16,921 to 20,798 UAH/ha, depending on the variety and improved elements of soybean
cultivation technology. In the Amadeus variety, in the control variant without
inoculation and top dressing, the cultivation costs amounted to 17,191 UAH/ha, and in
the experimental variant with pre-sowing seed treatment with bioinoculants in liquid
form and double top dressing with multi-component chelate complex microfertilizers
«Azotofit-r» and «Organic Balance» in combination with microelements «HelpRost
soy» and «HelpRost boron», the maximum production costs amounted to 20,798
UAH/ha. According to the results of calculations of economic efficiency indicators of
the Amadeus variety, it was found that in the absolute control, the conditional net profit
was 13,169 UAH/ha, and the profitability level was 76.6%. The maximum profit was
obtained in the experiment variant with inoculation and double complex fertilization in
the amount of 21,683 UAH/ha, where the profitability level was 104.3%, which is
27.7% higher than the control. In terms of economic efficiency, the Samorodok variety
showed slightly lower results. The cost of grown products per hectare was within
25,920-38,640 UAH. Conditionally, the net profit on the control variant was 8,999 UAH
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Table 4

Economic efficiency of growing soybeans of the Samorodok variety with
inoculation and foliar feeding (average for 2022-2024

Variety Ferti_lizer Cultivation costs | Product cost Cond_itional net| Profitability

option (UAH/ha) (UAH) profit (UAH) (%)

S1 16921 25920 8999 53,2

S2 18774 30000 11227 59,8

S3 18809 30960 12152 64,6

samorodok S4_ 19049 33120 14072 73,9
Shi 18400 32160 13760 74,8

S6i 20253 35880 15628 77,2

S7i 20288 36600 16313 80,4

S8i 20528 38640 18113 88,2

Note: S1 — S8i — elements of soybean growing technology, the decoding is given in Table 2
*Source: formed by the author based on his own research

and the profitability level was 53.2%. The maximum profit of 18,113 UAH was obtained
on the variant with pre-sowing seed treatment with bio-inoculants Rizoline + Rizosave
and double fertilizing with microfertilizers Azotofit-r and Organic Balance in
combination with microelements HelpRost soy and HelpRost boron, where the
profitability level was 88.2%, which is 35% higher than the control.

Conclusions and research prospects. It can be concluded that the maximum seed
yield on average over three years of research was obtained in the Amadeus variety of
Canadian selection at the level of 3.54 t/ha, which is 28.63% more than the absolute
control, and in the Samorodok variety of Ukrainian selection at the level of 3.22 t/ha,
which is 32.85% more than the control variant, respectively. Thus, the conducted
economic analysis of the obtained research results confirmed our conclusions regarding
the feasibility of biologization of the soybean nutrition system. Therefore, we
recommend using the most economically effective option in production, which involves
pre-sowing seed treatment with  bioinoculants Rizoline + Rhizosave
(Bradyrhizobiumjaponicum and Rhizobium leguminosarum) in liquid form and double
fertilizing with multicomponent chelate complex microfertilizers Azotofit-r and Organic
Balance in combination with microelements HelpRost soy and HelpRost boron in phases
2-3 of true leaves and budding-flowering, which provided the maximum in the
experiment conditional net profit of 21683 UAH/ha in the Amadeus variety and 18113
UAH/ha in the Samorodok variety, and the highest level of profitability of 104.3% and
88.2%, respectively.
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AHOTAIIA
EKOHOMIYHA EOEKTHBHICTH BUPOIL[YBAHHSA COI 34 IHOKYJIALIT
TA TO3AKOPEHEBHX IUIKUBJAEHD B YMOBAX JICOCTEITY
ITPABOBEPEKHOT O

Y cmammi nagedeno pezynvmamu 00CHiONHCEHL GNIUBY NEPEONOCi6HOi 00POOKU HACIHHA 1
Nn03aKOpeHesux nioJHCUeieHb Oionpenapamamu HA eKOHOMIYHY — eqeKmUsHICmb  GUPOULYBAHHS
docnidacysanux pocaur coi copmie Camopoodox i Amaodeyc. Hawi Odocnioscenns nposodsmucs 3a
PAXYHOK 8UOAMKIE (POHOY 0epaicasHozo 00xcemy 8 pamKax HAYKOB80-00CIIOHOI poOomu Ha memy:
«Po3pobka  HayKo80-mexHON02iuH020  3a0e3neueHHss  NiOGUWEHHs  pOoOloYocmi — IPYHmie  ma
PAYIOHANILHO20 BUKOPUCMAHHA nomenyiany Oiopecypcie» (0epicasnuti peccmpayitinuil.  Homep:
0124U000444).

Hocniooiceno exonomiuny eghekmusHicms UPOUYBAHHA COI 34 B0OCKOHANEHUX elleMeHmis
MEXHON02II BUPOUWYBAHHS, MAKUX AK NPOBEOEHHs NePeonoCi8HOi 0OPOOKU HACIHHA MA NO3AKOPEHEesUX
niooicusieHv — bionpenapamamu. Bcmanoeneno, wo 3a 00podOKu  Hacinua neped  NOCIBOM
bioinoxynaumom Pizonaiin + Pizoceiié ma 08oma no3axopeHesumMu RiOMCUBLEHHAMU MIKPOOOOpugamu
Azomogpim-p i Opeanix bananc y noeounanui 3 mixkpoeremenmamu HelpRost cos ma HelpRost b6op y
copmie Amaodeyc i Camopodok 6yn10 ompumano Haueuwuil yMoeHo yucmui npubdymox Ha pieni 21683
epu ma 18113 epn eionosiono. lIlicnis obpaxynxie Oyno ompumano peHmabelbHicmb )y Ccopmy
Camopooox 88,2% wo na 35% binvuie 6i0 konmponvrHozo éapianmy ma y copmy Amaoeyc 104,3%, wo
Oinvute 810 abconromuoco koumpoaio na 27,7% 6ionogiowo.

Omoice, eKOHOMIUHUL AHANI3 pe3YIbmamie 00Ci0NCeHb NIOMeepouUs ephexmusHicmy elemMenmis
bionoeizayii npu eupowyy8anti coi, a NOEOHAanHs bionpenapamie ma Mikpoooopue pizHoi Oii He MminbKu
nIOBUWYE PiBEHb YPOICAUHOCMI, d U CMEOPIOE 8 TPYHMI Cnpusmiuee cepeoosuuje, sxKe NOKpawye
3AC80EHHS NONCUBHUX PEYOBUH POCIUHAMU, NIOBUWLYE IXHIO CMIUKICMb 00 X60pOO MA HECHPUAMIUBUX
VMO8, a makoxc 3abesneuye 006820MPUBANYy POOKYICMb IPYHMY Ma 3aiumac Oilvbue azomy 6
J1€2KOOOCMYNHIl (hopMi 01 HACMYNHUX CLIbCLKO2OCNOOAPCHKUX KYIbMYP V CIBO3MIHI.

Knrwouoei cnosa: Copmu, cmpox cigbu, wupuna miscpsaob, KOHKYPEHMOCHPOMOICHICMb, NA0WA
JHCUBTIEHHS, NPOOYKMUBHICMb, 00POOKA HACIHMS, MEXHOJO02IUHICMb, pPeHmMAbenbHICMb, CMPYKmMypa
8p0dHCaAIo.

Taon. 4. Puc. 1. Jlim. 12.
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