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Buckwheat plays a key role in Ukraines agricultural sector, contributing to food security due
to its rich composition of nutrients — proteins, microelements, and antioxidants. The relevance
of the topic is driven by global trends: the demand for gluten-free and organic products, as well
as the need to diversify crop rotations in the steppe zone to preserve soil fertility. Unresolved
issues include the optimization of fertilization for maximizing productivity (yield, yield structure)
and economic efficiency, especially in the arid climate of the Northern Steppe. Traditional
mineral fertilization systems (N,, P,  K.) increase yields by 20-30 %, but they risk nitrate
pollution and plant lodging. Organic and combined fertilization systems (mineral + organic +
biopreparation) promise sustainable productivity, but their regional adaptation is insufficiently
studied, threatening the competitiveness of buckwheat. The purpose of the study was to determine
the impact of mineral, organic, biological, and combined fertilization systems on the productivity
and economics of buckwheat in the Northern Steppe, with an emphasis on sustainability and
local adaptation. The research was conducted on experimental plots of Institute of Agriculture
of the Steppe of the NAAS, where variants were established: control, mineral system (N, P, K. ),
organic system (post-harvest residues of the previous crop), biologized fertilizer system, and
their combinations. The highest yield indicators, 1.62 t/ha (+83.2 % compared to the control),
were obtained using the organo-mineral biologized fertilization system; without the biological
component, this system allowed forming a yield of 1.50 t/ha, +70.2 % compared to the control.
Higher productivity of buckwheat was also ensured by the combined biologized fertilization
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system — 2.43 t/ha (+82.7 %) grain units, 3.05 t/ha (+82.6 %) feed units, and 0.24 t/ha (+84.6
%) digestible protein units. With the increase in nutrient elements, the intensity of productivity
growth decreased to 7.5 %, 7.3%, 9.09 %, respectively. The highest economic efficiency of
buckwheat cultivation was achieved using the organo-mineral biologized fertilization system
(conditional net profit 13890 UAH/ha, +310.2 % with a profitability of 69.0 %), with costs of
20130 UAH/ha, covered by the interaction of all nutrient elements. Thus, innovative approaches,
including organic and biological components of the fertilization system, can be key to sustainable
buckwheat cultivation under climate change conditions.

Key words: buckwheat, fertilization systems, buckwheat productivity, biologization, economic
efficiency of buckwheat cultivation.

Mawenxo FO.B., Cokonoecvxka I.M. IIpodykmuenicms ma exonomiuna egpekmuenicmo
SUPOULYBANHS ZPEUKU 3A1eHCHO 6i0 cucmem y0oopennsn 6 ymosax Ilieniunozo Cmeny

[peuka gidicpae KnoU08y poib 6 a2papHoMy cekmopi Ykpainu, cnpusiouu xapuositl 6esneyi
3a605KU 6a2amomy CKAady NONCUBHUX PEeUOBUH — OLIKAM, MIKDOELeMEHMAM Mda AHMUOKCUOAH-
mam. AKmyanbHicms memu 3yMOB1eHA 2100ANbHUMY MEHOEHYIAMU. NONUMOM Ha 0e32110MeHos]
ma opeaniuti npooykmu, nompedoio 8 ousepcudixayii cio3min cmenosoi 30Hu OJist 30epPerHceHHs.
IpyHmosoi pooiouwocmi. Hesupiweni npobremu 6KI0OYAI0OMb ONMUMI3AYII0 YOOOpeHHs OJis MAK-
cumizayii npoOyKmueHoCmi (YpOXICAuHiCmy, CMPYKmMypa 6pojicalo) ma eKOHOMIYHOT e(ekmue-
Hocmi, ocobnueo 6 ymosax Ilieniunoco Cmeny 3 nocyuiaugum kiimamom. Tpaouyiiini minepanvhi
cucmemu ydo6peHHﬂ (N P 30.6/K55) NiOBULEYIOMD ypoqca_zi Ha 20-3 0 %, ane pusuKyion 3a0pyo-
HEeHHAM Himpamamu ma euisicautam pocaun. Opeaniyni ma Komoinogaui cucmemu y0oOpeHHs
(minepanvHi + opeaniuni + bionpenapamu) npocHO3yIomMsb CMaty NPoOYKMUGHICmb, aie ix peai-
OHANLHA A0ANMAYIst HEOOCMAMHBLO BUBYEHA, O 3ACPONCYE KOHKYDEHMOCHPOMONCHOCHT 2PEUKU.
Memoio pobomu 610 6U3HAUEHHS BNAUEY MIHEPANbHOL, OP2AHIUHOT, 6i0N102I308aHOI MA KOMOIHO-
BaHUX cUCHeM YOOOPeHHs HA NPOOYKMUBHICTb | eKOHOMIKY epeuku 6 [Tieniunomy Cmeny, 3 akyeH-
mMoM Ha cmanicme ma J1oKaibHy adanmayito. J{ocniodicents npogoount Ha O0CTIOHUX OLISIHKAX
Incmumymy cinbcwbro2o 2ocnodapemea Cmeny HAAH, de 3axnadanu eapianmu: KOHMpPOLb, MiHe-
panoni (N, P. K. ), opeaniuni (nosicrueni pewumxu nonepeonvoi Kyniomypu), 6ionpenapam ma ix
KomOiHayil. éuuﬂ' nokasnuxu epodcavnocmi, 1,62 m/za (+83,2 % do konmponio) ompumanu npu
BUKOPUCMAHHI OP2AHO-MIHEPAIbHOL 0i01021308aH0I cucmemu Y0ooperns, 6e3 6ion02iuH020 KOM-
NOHeHmy ysi cucmema 00380s1a chopmyeamu gpodicaiinicmy Ha pisui 1,50 m/za, +70,2 % oo
Konmpomo. Buwy npooykmuenicmuv epeuxu 3a6e3neqyeana maxkodjic Komoinosana 6ionozizosana
cucmema yooopenns — 2,43 m/za, (+82,7 %) 3eprnosux oounuynv, 3,05 m/za (+82,6 %) kopmosux
oounuys ma 0,24 m/za (+84,6 %) oounuys nepempasnoco npomeiny. I3 30inbuienHam enemenmis
HCUBTIEHHS THMEHCUSHICb NPUPOCHTY NPOOYKMUBHOCMI 3sMenuyeanacs 0o 7,5 %, 7,3 %, 9,09 %
6ionogiono. Haiieuwyy exonomiuny egpexmuenicmv 6Uupowyeants epeuxu Ompumany npu 6UKo-
pucmanti opeano-minepanvbhoi 6ionozizosanoi cucmemu yOoopenHs (YMOGHO YUCmuti npubymox
13890 epn/ea, +310,2 % 3a penmabenvnocmi 69,0 %), 3 eumpamamu 20130 epu/ea, sxi nokpu-
8ANUCS 83AEMOOIEIO BCIX eneMeHmis dcugnents. Takum yunom, iHHOBAYIHI NIOX00U, GKIIOHAIOYU
opeaniuni ma 6iono2iuni KOMROHEHMU cCUCeMU YOOOPEHH MOXCYMb OYMU KIHOY08UMU 0I5l CMa-
71020 UPOUSYBAHHS SPEUKU 8 YMOBAX KIIMAMUYHUX 3MIH.

Knrouogi cnosa: epeuxa, cucmemu yoobpents, npooyKmugHicmo epeuxu, 6ionozizayis, exo-
HOMIYHA e(heKMmUGHICMb BUPOULYBAHHSL 2DEYKU.

Formulation of the problem.

Buckwheat is an important crop in Ukraine’s agricultural sector, ensuring food secu-
rity due to its high content of nutrients, including proteins, microelements, and antioxi-
dants. According to the State Statistics Service of Ukraine, the sown areas under buck-
wheat in 2024 amount to about 70 thousand hectares, with an average yield of 1.0-1.5
t/ha, which is significantly below the potential (up to 2.5 t/ha). The relevance of the
problem presented in the article is driven by global challenges: the growing demand for
gluten-free products and organic grains, as well as the need to diversify crop rotations in
the steppe zone to preserve soil fertility. Unresolved issues remain regarding the optimi-
zation of fertilization systems to maximize productivity (yield, yield structure) and eco-
nomic efficiency. The lack of regionally adapted recommendations leads to inefficient
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resource use, reduced competitiveness of buckwheat on the market (exports to the EU
and Asia), and threats to food security.

Analysis of recent research and publications.

Fertilization systems play a key role in forming the buckwheat yield, which is sen-
sitive to excessive nitrogen nutrition due to the risk of lodging and reduced grain qual-
ity. Traditional mineral fertilizers (N, . P,, K, ., kg a.i./ha) provide a yield increase
of 20-30 %, but often lead to nitrate soil pollution and reduced biodiversity. Alterna-
tives, such as organic (manure 20-30 t/ha) or combined systems (mineral + organic +
biopreparations), promise sustainable productivity, but their efficiency in the Northern
Steppe is insufficiently studied. Research by Ukrainian scientists indicates the potential
of organic systems to increase yields to 2.0 t/ha, but data on economic profitability is
lacking, especially under climate change conditions (droughts, extreme temperatures
+25-35°C in summer) [7, 11, 10, 14].

The productivity and economic efficiency of buckwheat cultivation are actively
studied in scientific articles and reports, particularly in the context of the Ukrainian
Northern Steppe. The application of mineral fertilizers contributes to an increase in
buckwheat yield by approximately 33.8 %, while complex systems including bioprepa-
rations improve yield by 37.7 % compared to the control without fertilizers. Combined
fertilization systems (organo-mineral with biopreparations) ensure a yield increase of
49.1%, positively affecting the photosynthetic potential and reducing weed infestation
in crops. Such a system is also the most economically efficient [1, 5, 8, 9, 12, 13].

Optimization of mineral fertilizer application rates and the use of growth regulators
and microbial preparations also positively affects the formation of aboveground mass,
photosynthetic activity, and yield, increasing it to 1.8-2.1 t/ha. Data indicate that ferti-
lization systems with biopreparations enhance plant resilience to stress factors in the
Steppe conditions (low humidity, nutrient deficiency), improve soil structure, and thus
ensure more stable economic profitability in buckwheat production. The economic effi-
ciency of such systems exceeds traditional ones by 15-30 %, due to reduced pesticide
costs and increased yields [2, 3, 4, 6].

Thus, modern research confirms that innovative fertilization systems, which include
organic components and biopreparations, are key to enhancing productivity and prof-
itability of buckwheat cultivation in the conditions of the Northern Steppe of Ukraine.

Research aim. The aim of the study was to determine the impact of various ferti-
lization systems (mineral, organic, biologized, and combined) on the productivity and
economics of buckwheat cultivation in the Northern Steppe, with an emphasis on sus-
tainability and adaptation to local conditions.

Materials and methods of research. he research was conducted by establishing
experimental plots on agricultural land located in the administrative units of the Kro-
pyvnytskyi district, Kirovohrad region, which is under the management of the Institute
of Agriculture of the Steppe of the National Academy of Agrarian Sciences of Ukraine.

The main method of conducting the research is field and laboratory-field experi-
ments. For the scientific substantiation of the purpose and implementation of the set
tasks, as well as the generalization of the results of experimental work, the hypothe-
sis method is used — selecting the direction of research, determining the relevance of
the work, developing experimental schemes; the dialectical method — observing the
development of crops and processes of yield formation; the synthesis method — gen-
eralizing research results and forming conclusions; the analysis method — determining
the adaptability of the studied objects to cultivation conditions; the induction method —
drawing conclusions based on identifying the best variants; the mathematical statistics




| Taspiiicekuit HaykoBuii BicHuk. Cepist: Cibebkorocnonapebki Hayku. Burm. 146. Yactuna 1

6 |

method — determining the significance of factors, accuracy of experiments, and correl-
ative relationships.

Buckwheat of the Yaroslavna variety was grown in a stationary short-rotation grain-
row crop rotation, which had the following crop sequence: soybeans, winter wheat,
soybeans, corn for grain, buckwheat.

The buckwheat cultivation technology was generally accepted for the Steppe zone,
except for the practices under study.

Buckwheat was sown using the wide-row sowing method in the first decade of May
with a seeding rate of 2.25 million plants/ha, against the background of six fertilization
systems:

1. Without fertilizers (control);

2. Biologized fertilization system (seed treatment with biopreparation before
sowing);

3. Mineral fertilization system (N, P, K. );

4. Mineral biologized fertilization system (N, P, K, + seed treatment with bioprepa-
ration before sowing);

5. Organo-mineral (N N, P, K '+ by-product of the predecessor);

6. Organo-mineral biologized (N, P, K, + by-product of the predecessor + seed
treatment with biopreparation before sowing).

Pesticides were not used in the experiment; weed control in buckwheat crops was
carried out mechanically. In the biologized fertilization system, buckwheat seeds were
treated with the Mikofriend biopreparation (1.0 I/t) before sowing.

The establishment and conduct of the experiments were carried out in accordance
with the methodology of field experiments.

The weather conditions during the research period in 2024 and 2025 were unfavora-
ble in the critical water-consuming periods of buckwheat plants. Maturation and com-
pletion of vegetation occurred with good heat supply but limited soil moisture reserves
in the absence of precipitation.

The weather conditions during the vegetation period of 2021 were insufficiently
favorable for obtaining high productivity indicators of buckwheat.

The weather conditions of the vegetation periods in 2022 and 2023 for buckwheat
were favorable, with moderate air temperature increases and sufficient soil moisture
reserves in the spring and summer periods.

Results and discussion.

Effective fertilization systems play a key role in increasing yield and grain quality.
Advanced agrotechnologies include the combined use of mineral fertilizers, organic sub-
stances, and biopreparations, which promote better nutrient uptake and plant adaptation
to stress conditions. Analysis of research shows that the proper choice of fertilization
systems significantly affects the yield level. It is important to consider a comprehensive
approach to buckwheat nutrition to maximize productivity and economic efficiency.
Such an approach ensures production stability in challenging natural conditions.

The average buckwheat yield for 2021-2025 ranged from 0.42-2.19 t/ha, reflect-
ing the influence of climatic factors, especially in 2024, and variation in indicators
depending on the crop cultivation conditions. However, field research data demonstrate
a clear gradation in buckwheat fruit yield depending on fertilization systems, where the
transition from the control without fertilizers to integrated approaches ensured a yield
increase of 83.2 % (LSD,, = 0.16 t/ha). These differences are explained not only by the
content of nutrient elements but also by synergy with biological stimulants that enhance
plant adaptation to steppe conditions (Table 1).
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The variant without fertilizers (control) provided an average yield of 0.88 t/ha — a
typical indicator for unfertilized sowings in the Steppe, where nitrogen and phosphorus
deficiency hinders root system growth and reproductive organ formation, leading to
losses due to drought and weed competition.

Table 1
Buckwheat yield by research years, 2021-2025
Years Average | Difference
Fertilization systems for 2021-

2021 | 2022 | 2023 | 2024 | 2025 2025 tha| %

Without fertilizers (control) | 1.06 | 1.02 | 1.10 | 0.42 | 0.81 0.88 - -
Biologized 1.13 | 1.34 | 1.53 | 0.43 | 0.96 1.08 0.20 | 223
Mineral 1.33 | 1.48 | 1.70 | 0.46 | 1.05 1.21 0.32 | 36.8
Mineral biologized 1391 1.79 | 1.85 | 0.62 | 1.19 1.37 0.49 | 554
Organo-mineral 143 | 198 | 1.98 | 0.77 | 1.35 1.50 0.62] 70.2
Organo-mineral biologized | 1.49 | 2.09 | 2.19 | 0.82 | 1.49 1.62 0.73 | 83.2

Average 131 | 1.62 | 1.72 | 0.59 | 1.14 1.28 - -

LSD,,. t/ha 0.03 | 0.12 | 0.08 | 0.02 | 0.02 0.16 - -

The transition to a biologized system contributed to increasing the yield to 1.08 t/ha
(+0.20 t/ha, or 22.3 %), as biopreparations stimulate phosphorus mobilization and nitro-
gen fixation, improving soil water retention — an effect that exceeds LSD, and confirms
an alternative to chemical fertilizers.

The use of a mineral fertilization system contributed to a significant increase in yield
to 1.21 t/ha (+0.32 t/ha, 36.8 %), which can be explained by the activation of vegetative
growth and photosynthesis due to additional nitrogen in the soil, and flowering — under
the influence of phosphorus, compensating for the natural deficiency of steppe soils. The
difference is statistically significant (p<0.05 by LSD,), but excessive nitrogen some-
times provoked lodging, which is relevant for the windy conditions of the Steppe. The
combination of mineral fertilizers with element of biologization (mineral biologized
fertilization system) ensured an increase in yield indicators to 1.37 t/ha (+0.49 t/ha,
55.4 %), where microorganisms contributed to the optimization of fertilizer uptake,
reducing losses due to evaporation — a key factor for the region with low moisture
supply.

The highest results in our study were obtained with the organo-mineral fertilization
system, yielding 1.50 t/ha (+0.62 t/ha, 70.2 %), where organic residues from the previ-
ous crop positively influenced soil structure and moisture retention, which is critical for
the Steppe. The difference from the control exceeds LSD , by twofold, emphasizing the
role of the organic component. The organo-mineral biologized system maximized the
crop’s potential, with yields reaching 1.62 t/ha (+0.73 t/ha, 83.2 %). The integration of
biopreparations enhanced microbial activity in the rhizosphere, stimulating symbiosis
and nitrogen fixation, which allowed buckwheat to withstand droughts and achieve a
potential of 2.19 t/ha in 2023, close to the optimal under Steppe conditions in Ukraine.

Based on field research data, where LSD = 0.16 t/ha determines a statistically sig-
nificant difference (p<0.05), the yield increase due to the biopreparation can be assessed
compared to corresponding backgrounds without treatment. The increment varies from
5.0 % to 12.2 %, with predominant significance for the mineral fertilization system and
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control backgrounds, confirming the synergistic effect of the biopreparation with nutri-
ent elements, but lower efficiency for the organic system.

On the background without fertilizers (control, 0.88 t/ha), seed treatment with the bio-
preparation increased yield to 1.08 t/ha (+0.20 t/ha, or 22.3 % compared to the control).
The increment of 0.20 t/ha is significant (equal to LSD ), as microorganisms compensate
for the natural deficiency of nitrogen and phosphorus in Steppe chernozems, stimulating
nitrogen fixation and root expansion, which is critical under low moisture conditions.

On the mineral nutrition background (1.21 t/ha), seed treatment before sowing with
the biopreparation (mineral biologized system) ensured harvesting 1.37 t/ha of fruits
(+0.16 t/ha, or 13.2 % compared to the mineral background). The difference exactly
equals LSD ., making the increase statistically significant.

For the organo-mineral fertilization system, buckwheat yield was 1.50 t/ha; the use
of the biopreparation contributed to increasing yield to 1.62 t/ha (+0.12 t/ha, or 8.0 %
compared to organo-mineral). The increment is less than LSD ; (0.16 t/ha), so it is not
statistically significant: the organic base (humus + residues) already provides high
microbial activity, and the biopreparation adds only a marginal effect due to rhizosphere
saturation, although it improves moisture retention.

In summary, the yield increase in buckwheat from the biopreparation is significant on
the background without fertilizers and under the mineral fertilization system (+20-13 %,
>LSD,,), but insignificant on the rich organo-mineral (+8 %, <LSD ), where synergy is
limited. The average yield increase in buckwheat by 11-12 % makes seed treatment with
the biopreparation advisable for the Steppe.

The results of our research demonstrate how fertilization systems transform buck-
wheat productivity into sustainable high-yield production. In the Northern Steppe,
where climatic challenges are intensifying, priority is given to integrated approaches
that not only increase yields by 30-40 % but also ensure environmental safety by reduc-
ing nitrate pollution. Further research should focus on adapting these systems to climate
change to enhance the region’s food resilience.

Research on buckwheat productivity emphasizes fertilization systems as a key factor
in optimizing grain yield, fodder mass, and digestible protein output, which determines
its value for animal husbandry and the food industry. Based on field research data, we
observed a clear gradation in indicators: from the control without fertilizers (1.33 t/ha
grain units, 1.67 t/ha feed units, 0.13 t/ha protein units) to integrated organo-mineral sys-
tems with biologization, where the increase reaches 1.10 t/ha grain units, 1.39 t/ha feed
units, and 0.11 t/ha protein units. These differences are due to the synergy of mineral
nutrient elements (NPK), organic residues, and biopreparations, which enhance nutrient
uptake, improve soil aggregation, and increase plant resistance to abiotic stresses such
as drought (Fig. 1).

In the control variant without fertilizers, buckwheat productivity was the lowest:
grain units yield — 1.33 t/ha, feed units yield — 1.67 t/ha, digestible protein units yield —
0.13 t/ha. These indicators reflect typical limitations of steppe conditions, where the
deficiency of available nitrogen and phosphorus hinders vegetative development, photo-
synthesis, and biomass accumulation, leading to reduced grain quality and fodder value.
Biologized fertilization systems provided a significant increase in these indicators
compared to traditional crop rotations: +7.5-21.8 % grain and feed units, +9.1-23.1 %
digestible protein units. The mechanism of the effect is associated with the stimulation
of nitrogen fixation and phosphorus mobilization in the rhizosphere, which compensates
for the natural deficiency of elements and increases tolerance to moisture stress, making
this approach environmentally safe.
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Fig. 1. Buckwheat (average for 2021-2025)

The mineral fertilization system increased buckwheat productivity compared to
cultivation without fertilizers: 1.81 t/ha grain units (+0.49 t/ha), 2.28 t/ha feed units
(+0.61 t/ha), and 0.18 t/ha protein units (+0.05 t/ha). Under these conditions, nitrogen
contributed to the accumulation of vegetative mass, phosphorus to the formation of
reproductive organs, and potassium to water balance, which is critical for the arid con-
ditions of the Steppe. The mineral biologized fertilization system further enhanced these
processes: 2.06 t/ha (+0.73 t/ha), 2.59 t/ha (+0.92 t/ha), and 0.21 t/ha (+0.07 t/ha) for
grain, feed units, and digestible protein, respectively.

The highest levels of productivity were achieved with the organo-mineral fertili-
zation unitssystem: 2.26 t/ha grain units (+0.93 t/ha), 2.84 t/ha feed units (+1.17 t/ha),
and 0.22 t/ha protein units (+0.09 t/ha). The organo-mineral biologized system demon-
strated the greatest potential in the study for forming buckwheat productivity: 2.43 t/ha
grain units (+1.10 t/ha), 3.05 t/ha feed units (+1.39 t/ha), and 0.24 t/ha digestible protein
units (+0.11 t/ha).

Summarizing the results confirms the advantage of integrated fertilization systems,
which increased buckwheat productivity by 82.7 % for grain units yield, 82.6 % for
feed units yield, and 84.6 % for protein units yield compared to the control, ensuring
comprehensive efficiency in steppe conditions.

The calculations of economic efficiency were based on prices for agricultural and
industrial products prevailing on the Ukrainian exchange market in the first decade of
December 2025. The calculations took into account direct monetary-material costs, which
included wages, seed costs, fertilizers, fuel and lubricants, as well as payments to social
insurance funds, pension and others, deductions for depreciation and current repairs.

The economic component of buckwheat production depends on the chosen fertili-
zation system, which affects the level of production costs, gross output, net profit, and
profitability. Based on average indicators for 2021-2025, key trends can be identified.

Production costs vary widely depending on the fertilization system. In the control var-
iant without fertilizers, they were the lowest — 15095 UAH/ha. The use of the biologized
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system increased costs to 15776 UAH/ha, associated with additional expenses for bio-
preparations. Costs increased more significantly with the application of mineral fertiliz-
ers — 20029 UAH/ha, and in the mineral biologized system — 20704 UAH/ha due to the
cost of fertilizers and services for applying biopreparations. Organo-mineral systems,
thanks to the use of organic residues, had slightly lower costs (19462—20130 UAH/ha),
which allowed for an effective balance of costs and profits (Table 2).

Table 2
Economic efficiency of buckwheat cultivation under different fertilization systems
Fertilization | Yield (average cl:):(zguég(ﬁl/ Gross output C{;‘:‘:::‘:i;ltal Profitability,
- 9 9 [1)
systems for 2021-2025) ha value, UAH/ha UAH/ha %o
be3 noopus 0,88 15095 18480 3385 22,4
(KOHTpOITB)
Without
fertilizers 1,08 15776 22680 6904 43,8
(control)

Biologized 1,21 20029 25410 5381 26,9
Mineral 1,37 20704 28770 8066 39,0
Mineral 1,50 19462 31500 12038 61,9

biologized

Organo-mineral 1,62 20130 34020 13890 69,0

The conditional net profit is the lowest when growing buckwheat without fertilizer
application — 3385 UAH/ha, reflecting low yield and minimal costs. The biologized sys-
tem nearly doubled the profit (6904 UAH/ha), demonstrating high return on investment
in biopreparations. Interestingly, the mineral system had higher costs and yield but lower
profit (5381 UAH/ha) compared to the biologized one, due to higher fertilizer expenses.
Under the mineral biologized system, the conditional net profit increased to 8066 UAH/ha,
indicating the effect of the combined action of fertilizers and biopreparations.

The most profitable in our study were the organo-mineral systems — 12038 UAH/ha
and 13890 UAH/ha for the traditional and biologized systems, respectively. These indi-
cators demonstrate the best combination of higher yield and relatively balanced costs.

Analysis of profitability indicators shows a trend toward increasing production effi-
ciency from 22.4 % in the control to 69.0 % under the organo-mineral system with
biologization elements. The highest profitability values indicate the economic feasibil-
ity of a comprehensive fertilization approach that includes mineral fertilizers, organic
components, and biological stimulants. The mineral system alone, due to high costs, has
a profitability rate of only 26.9 %, making it the least efficient.

Overall, the analysis indicates that the most optimal from an economic perspective
were the organo-mineral and organo-mineral biologized fertilization systems. They pro-
vided a balance between increasing yield, controlled costs, and maximum return on
investment in buckwheat production under the conditions of the Northern Steppe of
Ukraine.

Conclusions.

Higher yield indicators were ensured by the organo-mineral biologized fertilization
system for buckwheat (yield 1.62 t/ha, +83.2 % compared to the control), involving the
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incorporation of post-harvest residues + mineral fertilizers (N, P, K, ) + bioprepara-
tion. Under the organo-mineral system, yield indicators were slightly lower (1.50 t/ha,
+70.2 %), but the yield increase was also high.

Under the organo-mineral biologized fertilization system, plant productivity was the
highest: 2.43 t/ha (+82.7 %) grain units, 3.05 t/ha (+82.6 %) feed units, and 0.24 t/ha
(+84.6 %) digestible protein units. The largest increases in productivity indicators were
obtained without fertilizer application: +21.8 %, +22.1 %, and +23.7 % for grain, fodder
units, and protein units, respectively. With the increase in nutrient elements, the inten-
sity of productivity growth decreased to 7.5 %, 7.3 %, and 9.09 %, respectively.

The highest economic efficiency of buckwheat cultivation was achieved using the
organo-mineral biologized fertilization system (conditional net profit 13890 UAH/ha,
+310.2 % with profitability of 69.0%), with costs of 20130 UAH/ha, covered by the
interaction of all nutrient elements. The organo-mineral system provided 12038 UAH/
ha profit and 61.9 % profitability, balancing costs (19462 UAH/ha).
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