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colony-forming units per gram.An increase in the root system length of the “Stolychna” wheat variety up to 48 cm
was observed, as well as a 40% reduction in barley fungal infections. Price analysis revealed that organic wheat
was 48% more expensive than conventional wheat on the external market. The model forecast demonstrated
the potential for cost savings for the agricultural sector of up to 15 billion UAH if 30% of farms transitioned to
the biological model. The results obtained could be used to adapt agricultural technologies, develop support
programmes for ecological farming, and enhance the export of organic products

Keywords: agriculture; profitability; biofungicides; biofertilisers; sustainable agriculture

INTRODUCTION

In 2020-2024, Ukraine’s agricultural production op-
erated under conditions of rising mineral fertiliser
prices, deepening climate change, disrupted logistics
chains, and increased environmental responsibility
requirements. These factors significantly affected the
economics of crop production, creating a need to im-
plement innovative technologies focused not only on
yield maximisation but also on preserving soil fertil-
ity, reducing anthropogenic pressure, and enhancing
the export appeal of products. One such approach
was the biologisation of technological processes - the
partial or complete replacement of traditional chem-
ical agents (mineral fertilisers, pesticides, growth
stimulants) with biological alternatives (biofertilisers,
microbial inoculants, biostimulants, biological plant
protection agents). Research into the effectiveness of
biologisation within the grain production system was
relevant in the context of forming a sustainable agroe-
conomic development model.

Scientific publications demonstrated increasing
interest in innovation within agricultural production,
particularly in the context of technological process
modernisation, profitability improvement, and ensur-
ing ecological sustainability (Yaheliuk et al., 2024). In
the study by V. Mamchur and G. Studinska (2024), the
effectiveness of technical innovations implemented in
Ukraine’s agricultural sector under the new production
model was examined, including the modernisation of
the machine and tractor fleet, digital transformation,
and the implementation of automated control systems.
The work of N. Kovalenko et al. (2021) focused on the
economic aspects of grain production in Ukraine’s Cen-
tral region. The authors explored internal efficiency
reserves and cost structures, emphasising factors in-
fluencing competitiveness. In turn, the publication by
T. Shmatkovska et al. (2021) addressed land resource
management in the system of non-current assets of
agricultural enterprises, with a focus on the financial
assessment of the use and impact on overall business
performance.

Foreign authors concentrated on practices of
‘green” transformation in agricultural production, the
introduction of biotechnologies, and the use of digital
tools (Pavlenko et al., 2025). In the study by S. Chen and
J. Lu (2025), ways of increasing green output levels in
China’s leading grain-producing regions were explored.

The authors justified the feasibility of a large-scale
transition to biological farming technologies as one
of the priorities for sustainable development.Y. Xing et
al. (2025), in the review, analysed advanced irrigation
strategies and soil moisture management, combined
with the use of biostimulants and precision monitoring.
The research by N. Ahmed et al. (2025) aimed to assess
the impact of sustainable agricultural technologies on
changes in soil emissions under climate change, us-
ing modern econometric models. In the publication by
Y.Xie et al. (2025),the interconnections between the dig-
ital economy, efficient allocation of production factors,
and the resilience of agricultural production were ana-
lysed. The experience of implementing climate-orient-
ed agricultural strategies was considered in the study
by W.Kabato et al. (2025), where the significance of bio-
logical technologies in reducing greenhouse gas emis-
sions and maintaining food security was emphasised.
The study by W. Geng et al. (2024) substantiated the
economic benefits of agricultural digitalisation, while
L.S.Fu et al. (2024) highlighted the effectiveness of ag-
ricultural insurance in the context of expanding farm-
ers’ access to production resources and reducing risks.

All the mentioned sources confirmed the impor-
tance of innovation in shaping a sustainable agricultur-
al economy. However, the lack of a generalised empiri-
cal analysis of the economic effectiveness of biological
technologies in the cultivation of key cereal crops in
Ukraine created a gap in the applied justification for
transitioning to biologisation. The aim of this study was
to determine the economic effectiveness of biologised
technologies in the cultivation of winter wheat, maize,
and barley in Ukraine’s agricultural sector. To achieve
this goal, the following objectives were pursued: to an-
alyse the impact of biological preparations on the yield
and stability of cereal crop productivity; to compare
costs and profitability levels between chemical and
biological treatment schemes; and to assess the long-
term effects of biologisation on soil condition, market
value of products, and export potential.

MATERIALS AND METHODS

The study was conducted from 2020 to 2024 to ana-
lyse the effectiveness of biologised agrotechnologies
in various natural and climatic zones of Ukraine. To
achieve the research objectives, a range of scientifically
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grounded sources were used: statistical data from the
State Statistics Service of Ukraine (n.d.), reports from
the Food and Agriculture Organization (n.d.) on crop
yields in Eastern Europe, analytical materials from the
National Institute for Strategic Studies (2024), and in-
formation from the State Service of Ukraine on Food
Safety and Consumer Protection (n.d.). The empirical ba-
sis of the study was formed from observations at six ag-
ricultural enterprises: “Poliskyi Agro” (Zhytomyr region),
“Eko-Nyva” (Rivne region, Polissia), “Lisostep” (Cherkasy
region), “Stepovi Zori” (Kherson region), “Sonyachnyi
Step” (Zaporizhzhia region), and “Dniprovski Luki” (Dni-
pro region), located in the natural and climatic zones of
Polissia, Forest-Steppe, and Steppe of Ukraine. The ob-
jects of study were cereal crops: winter wheat (varieties
“Podolyanka”, “Duma Odeska”, “Bohuslavka”, “Favorytka”,
“Stolychna”), maize (hybrids “DKC 5143, “Pioneer 9892”,
“Khortytsia”, “Dniprovskyi 185 SV”), and spring barley
(varieties “Vakula”, “Helios”, “Concerto”), which were rec-
ommended for cultivation in the respective zones and
widely used in the practice of biologised farming. The
subject of the study was agricultural technologies us-
ing biological products - biofertilisers (based on Azoto-
bacter chroococcum, Bacillus megaterium), biofungicides
(Trichoderma asperellum, T. harzianum), biostimulants
(based on humic acids, extracts of marine algae), and
mycorrhizal inoculants (Glomus intraradices).

The application of biological preparations (Azoto-
bacter, Trichoderma, humic stimulants, mycorrhizal inoc-
ulants) was carried out in accordance with regulations
defined in the normative documents of the National
Institute for Strategic Studies (2024), with mandatory
recording of application rates, treatment methods, and
weather conditions during technological operations.
Primary production data (yields, costs, soil parameters)
were obtained directly from the involved farms based
on field journals, agrochemical passports, and internal
technological reports. The research methodology in-
volved comparing biological and traditional cultivation
technologies based on indicators of yield, cost, agro-
chemical soil status, and profitability. The experimental
work was carried out at six agricultural enterprises lo-
cated in various natural and climatic zones of Ukraine,
particularly in Chernihiv (Polissia), Vinnytsia and Zhyto-
myr (Forest-Steppe), Mykolaiv, Zaporizhzhia, and Kher-
son (Steppe) regions. For each crop, control (chemical
treatment) and experimental (biological treatment)
plots were established. Observations were conducted
throughout the entire growing season. For assessing
the export of organic wheat, the period from 2018 to
2024 was selected. This period reflected the overall
trend of export growth and decline, and considered the
negative impact of geopolitical and economic factors,
particularly the onset of military action in Ukraine from
2022, which caused a significant decrease in export
volumes due to logistical problems, changes in certifi-
cation requirements, and general impact on EU markets.
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Soil fertility parameters were assessed using the
methods of the Institute for Soil Science and Agro-
chemistry Research Named after O.N. Sokolovsky (n.d.).
To illustrate the effectiveness of biologised approaches
when analysing agrochemical and economic character-
istics, typical cases of biological product application
were used from six agricultural enterprises operating
in different natural and climatic zones of Ukraine. The
selection criteria included: long-term use of biological
products, availability of controlled technological maps,
access to production data, and open sources. In par-
ticular, the analysis included: “Poliskyi Agro” (Zhytomyr
region), which used mycorrhizal preparations in wheat
cultivation; “Stepovi Zori” (Kherson region), which ap-
plied nitrogen-fixing Azotobacter in maize cultivation;
“Lisostep” (Cherkasy region), where biological fertil-
isers replaced mineral fertilisers in the winter wheat
fertilisation system; “Eko-Nyva” (Rivne region, Polissia),
which reported improved agrochemical soil status after
long-term use of biological products; “Sonyachnyi Step”
(Zaporizhzhia region), which monitored the anti-ero-
sion effectiveness of biological agents based on Bacil-
lus megaterium; and “Dniprovski Luki” (Dnipro region),
which reported phytosanitary effects of Trichoderma
asperellum in barley cultivation (State Statistics Service
of Ukraine, n.d.; National Institute for Strategic Studies,
2024). Soil acidity was assessed using the potentiomet-
ric method, and the number of microorganisms was de-
termined by the agar seeding method and colony-form-
ing unit count per gram (CFU/g).The level of root system
development was recorded on the 25th and 45th day
of vegetation using a ruler and digital caliper. To cal-
culate profitability, the standard formula (1) was used:

. . Profit
Profitability, % = Cost of production x 100, (1)
where Profit = gross income - cost per hectare; cost of
production = total expenses on products, labour, ma-
chinery, and associated costs.

Yield fluctuations were assessed using the coeffi-

cient of variation formula (2):

CV = 9 x 100, )

where ¢ = standard deviation; x = mean yield for the
period.

Additionally, the study included economic model-
ling of the impact of scaling up biological technologies
on costs in Ukraine’s agricultural sector through 2030.
The calculation model took into account the projected
expansion of agricultural areas cultivated with biolog-
ical schemes and the average cost savings due to the
replacement of mineral fertilisers, chemical plant pro-
tection products, environmental charges, and logistics
expenses. Input data included analytical materials from
the State Statistics Service of Ukraine (n.d.), National
Institute for Strategic Studies (2024), and the authors’




own calculations based on production case studies. The
estimation of expected cost savings over time was con-
ducted using the formula (3):

E,=(P,xC) xR, (3)

where E, is the cost saving in year t; P, is the area cul-
tivated using biological technology in year t; C is the
average cost of treatment per hectare using traditional
technology; R is the average percentage reduction in
costs (15% to 20%).

All research was conducted in accordance with the
provisions of the Law of Ukraine No. 3116-XII (1993).
The applied biological products were registered and
authorised for use in agriculture. Farms provided writ-
ten consent to participate in the study, access to pro-
duction data, and analysis of agrochemical soil indica-
tors. Experimental and economic data were processed
using Microsoft Excel 365 (correlation analysis, graph
building, trend visualisation), Statistica 10.0 (mean
value estimation, Student’s t-test, coefficient of var-
iation, normality test), and RStudio (version 2023.06)
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for mathematical modelling and scenario building of
savings from the scaling up of biologisation. Graphical
materials (charts, histograms, pie charts) were created
in Tableau Public and Canva Pro to ensure clear inter-
pretation of results. The selection of these tools was
based on the accuracy, functionality for processing ag-
ronomic and economic data, and the ability to visual-
ise variables across time, crop types, and cultivation
technologies.

RESULTS

The impact of biological products on the yield of grain
crops. The yield dynamics of major cereal crops un-
derwent significant changes after replacing chemical
agents with biological analogues. As shown in Table 1,
in farms where mycorrhiza and nitrogen-fixing bacteria
were applied to the wheat variety “Podolyanka”, the av-
erage annual yield increase was 2.1-3.4 ¢/ha, whereas
under chemical treatment this figure did not exceed
1.5 ¢/ha. For the maize hybrid “DKC 5143”, the maxi-
mum annual increase (4.8 c¢/ha) was recorded on a farm
that had fully transitioned to biofertilisers.

Table 1. Yield dynamics of wheat, barley, and maize (c/ha)
on farms using biological and chemical technologies (2020-2024)

Culture (variety/hybrid) Technology 2020 2021 2022 2023 2024
Wheat (“Podolyanka”) Biological 48.2 50.3 52.7 54.1 55.6
Wheat (“Podolyanka”) Chemical 49.1 49.8 50.2 50.9 51.3

Corn (“DKC 5143 Biological 724 75.1 773 79 80.5
Corn (“DKC 5143 Chemical 70.8 71.5 721 729 734
Barley (“Vakula”) Biological 42.5 43.8 45.2 46.7 479
Barley (“Vakula”) Chemical 41.9 42.1 42.5 42.8 43.1

Source: developed by the authors based on data from the State Statistics Service of Ukraine (n.d.)

These data are supported by case studies: on the
farm “Poliskyi Agro” (Polissia), the introduction of my-
corrhiza for the wheat variety “Stolychna” increased
yields by 15% over three years, while on the farm “Ste-
povi Zori” (Kherson region), the use of Azotobacter for
the maize hybrid “Pioneer 9892” boosted yield by 20%.
Figure 1 presents a comparison of the average yields of

90
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Wheat (‘MIP Lada”)  Corn (“Khortytsia”)

crops in 2024. For the wheat variety “MIP Lada”, the dif-
ference between biological and chemical technologies
was 4.3 c/ha; for the maize hybrid “Khortytsia” - 7.1 ¢/
ha; and for the barley variety “Helios” - 4.8 c/ha. This
indicates a direct impact of bioproducts on productiv-
ity, especially under conditions of rainfall deficit or in-
creased soil acidity.””

M Biological Technology (c/ha)
Chemical Technology (c/ha)

Barley (“Helios”)

Figure 1. Comparison of average crop yields for 2024
Source: developed by the authors based on data from the Food and Agriculture Organisation (n.d.)
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A critical aspect is yield stability. On farms with
biological technologies, year-on-year fluctuations did
not exceed 5%, whereas with chemical treatment the
fluctuations reached 12-15% due to dependence on
climatic factors. For instance, the barley variety “Con-
certo” in Cherkasy region demonstrated yield stability
(45-47 c/ha) when using Trichoderma-based biofungi-
cides (National Institute for Strategic Studies, 2024).
The obtained results highlight the potential of

60

biologised technologies as a means of improving cere-
al crop productivity without harming the environment.
Significant yield improvements were noted even in re-
gions with elevated risks of soil degradation and un-
stable weather conditions. Humic acid-based biostim-
ulants are actively used in the early stages of winter
wheat development, promoting better rooting, primary
root growth stimulation, and activation of soil micro-
flora (Fig. 2).

50
40 /
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10

0

Tillering Stem Elongation

—— Root Length
(with biostimulants), cm

Root Length
(without biostimulants), cm

Ear Emergence

Figure 2. The effect of humic acid-based biostimulants
on the development of the root system of “Stolychna” wheat (root length, cm)

Source: developed by the authors

For the winter wheat variety “Stolychna”, the im-
pact of humic acid-based biostimulants on root de-
velopment was studied. As shown in Figure 2, the
application of biostimulants led to an increase in the
average root length by 22-35% compared to the con-
trol group at the tillering and stem elongation stages.
For example, at the stem elongation stage, the root
length reached 48 cm (with biostimulants) versus
35 cm (without), improving drought resistance. For the

maize hybrid “DKC 5143, the effectiveness of micro-
bial inoculants Azotobacter chroococcum was analysed
across different climatic zones of Ukraine (Table 2).
The highest yield increase (6.7 ¢/ha) was recorded in
the Forest-Steppe zone (Cherkasy region), where suf-
ficient soil moisture promoted nitrogen fixation. In
the Steppe (Kherson region), effectiveness was lower
(3.2 ¢/ha) due to rainfall deficit, which limited micro-
bial activity.

Table 2. Effectiveness of microbial inoculants (Azotobacter) for maize in different climatic zones

Climatic zone Yield (with inoculants), c/ha

Yield (without inoculants), c/ha

Increase, c/ha

Polissya (Zhytomyr region) 78.5 72.1 6.4
Forest-steppe (Cherkasy) 82.3 75.6 6.7
Steppe (Kherson) 68.9 65.7 3.2
Steppe (Zaporizhzhya) 70.2 67 3.2
Forest-steppe (Vinnytsia) 74.5 71 3.5
Step (Dnipro) 69.8 66.2 3.6

Source: developed by the authors based on data from the Food and Agriculture Organisation (n.d.)

A notable case is the experience of the farm “Dni-
provski Luki” (Dnipro region), where the use of Tricho-
derma asperellum-based biofungicides for the barley va-
riety “Helios” reduced the incidence of fungal infections
(Fusarium graminearum) by 40%.This led to a 25% reduc-
tion in fungicide costs (from UAH 1,800 to UAH 1,350/
ha) and an 18% increase in yield (from 45 to 53 c/ha) in
2023.0verall,the study results confirm the effectiveness
of targeted selection of bioproducts for specific crops,
taking into account the agroecological environment,en-
abling optimisation of agrotechnologies, cost reduction,
and increased yields in a naturally balanced manner.

Comparison of costs and profitability of chemical
and biological schemes. As part of the study, a compar-
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ison was made of the costs of growing winter wheat
of the “Duma Odeska” variety using two treatment
schemes - chemical and biological. The analysis fo-
cused on the key cost categories directly influencing
production efficiency, namely: costs of preparations
(plant protection products and fertilisers), labour, tech-
nical support, and other related expenses such as logis-
tics, laboratory tests, and seeds. To objectively assess
the economic efficiency of biologised technologies, a
comparison was made between traditional (chemical)
and biological treatment schemes for the “Duma Odes-
ka” wheat variety. The analysis covered key expenditure
categories: preparations, labour, technical support, and
related expenses (Table 3).
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Table 3. Comparison of costs (UAH/ha) for treating “Duma Odeska”wheat under chemical and biological schemes (2024)

Expense category

Chemical scheme

Biological scheme

Preparations (plant protection products, fertilisers) 8,200 5,900
Labour 1,100 1,200

Equipment (fuel, depreciation) 2,000 2,200

Other (logistics, laboratory tests, seeds) 1,700 1,600
Total 13,000 10,900

Source: developed by the authors based on data from National Institute for Strategic Studies (2024)

As seen in Table 3, implementing the biologi-
cal scheme made it possible to reduce the treatment
costs per hectare of wheat by an average of UAH 2,100
(=16.2%), primarily due to lower expenditure on min-
eral fertilisers and chemical plant protection products.
The slight increase in labour and machinery costs was
due to the need for more precise and regular appli-
cation of biopreparations and monitoring of soil bio-
logical indicators. According to the obtained data, the
biological scheme proved more economically benefi-
cial, as it enabled a reduction in costs by UAH 2,100
per hectare (around 16.2%). This saving was primarily
achieved through significantly reduced expenditure on
mineral fertilisers and chemical agents, which form the
core of chemical technologies. At the same time, la-
bour and machinery costs under the biological scheme
were slightly higher than in the chemical one due to
the need for frequent biopreparation applications and
more thorough soil and plant condition monitoring.
However, this increase in machinery and labour costs
did not outweigh the savings from reduced prepara-
tion costs, making biological technologies economical-
ly advantageous. The total per-hectare cost of using bi-
ological technology amounted to UAH 10,900, whereas
with chemical methods it reached UAH 13,000. This
confirmed that biological technologies could be effec-
tive even in conditions of high technical costs, as re-
duced expenditure on preparations allowed total costs
to be decreased. For a visual assessment of cost distri-
bution under the biologised maize growing technology
(hybrid “DKC 4014"), a pie chart was created illustrat-
ing the proportion of key cost categories in the overall
structure (Fig. 3).

m Biological products (inoculants,
biostimulants, biofungicides)
(UAH/ha)

Labour (application, monitoring)
(UAH/ha)

Equipment (fuel, maintenance,
depreciation) (UAH/ha)

m Other (analyses, logistics, seeds,
certification) (UAH/ha)

Figure 3. Cost structure under biological treatment of
maize (hybrid “DKC 4014°), 2024
Source: developed by the authors based on data from the
Food and Agriculture Organization (n.d.)

As shown in Figure 3, the largest share of costs in
the biological maize treatment scheme was for prepa-
rations, which was due to the use of highly effective
biofertilisers based on humic acids. Technical costs in-
cluded specialised equipment for applying bioprepa-
rations, while the reduced use of pesticides allowed
environmental fees to be cut by 15%.A significant prac-
tical example was the “Lisostep” farm (Cherkasy region),
which completely replaced mineral fertilisers with bio-
preparations for growing “Favorytka” wheat. Over three
years of implementation, the cost of production de-
creased by 12% (from UAH 10,200 to 8,970/ha), while
profitability rose from 18% to 24%. This was made
possible through a combination of Azotobacter nitro-
gen-fixing bacteria and Trichoderma harzianum-based
biofungicides. These results demonstrated the econom-
ic feasibility of switching to biologised schemes, which
not only reduced direct per-hectare costs but also gen-
erated stable profits through improved product quality,
lower phytotoxicity risks,and enhanced agro-ecological
field conditions. The level of profitability is an impor-
tant indicator of production process efficiency, as it re-
flects how much profit farmers earn per unit of expend-
iture (Shahini & Shtal, 2023).To calculate profitability, a
formula was used comparing revenue and expenses for
both treatment schemes. The profitability calculation
showed that the biological scheme yielded a profitabil-
ity rate of 4.288%, which was significantly higher than
the chemical scheme’s 2.584% (Formula 1). This indi-
cated that biological technologies offered not only cost
reduction but also a higher level of economic benefit
for farms. In particular, by cutting expenses on chemical
agents and fertilisers, farmers could earn more profit at
the same yield level.

Yield fluctuations are another important indicator of
agricultural production stability (Drobitko & Kachano-
va, 2023). High yield stability reflects lower risks for
producers, especially in the context of climate change
and seasonal variability (Struminska et al., 2014). To as-
sess yield fluctuations, a formula was used to determine
the difference between maximum and minimum yield
figures for each year. The results showed that with bio-
logical technology, yield variability for the “Podolyanka”
wheat variety amounted to 14.4%, which was notably
lower than the 15% under chemical treatment (Formu-
la 2). This indicated that biological technologies helped
reduce the impact of unpredictable factors such as cli-
mate change on yield outcomes. At the same time, yield
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stability was one of the main advantages of biological
technologies, as it allowed farmers to secure more sta-
ble profits in the long run. The comparison of costs and
profitability showed that biological technologies were
economically efficient because the technologies ena-
bled savings on chemical preparations and fertilisers,
significantly reducing overall per-hectare expenditure.
At the same time, thanks to higher profitability, biolo-
gised schemes provided greater economic benefits for
farmers. A high level of profitability and stable yields
were key factors in ensuring sustainable agricultural
development, as confirmed by the comparison results.
Thus, biologisation of agronomic technologies was
not only economically viable but also environmentally
sound, enabling sustainable agricultural development,
increased resilience to climate change,and reduced en-
vironmental impact.

2020 2021

2022

Assessment of the economic efficiency of biologisa-
tion of agronomic technologies to increase yields and
reduce costs. In addition to the direct effects on yield
and cost reduction, biologised technologies formed a
long-term positive impact on the agroecological condi-
tion of soils, which in turn influenced income stability
over an extended period. In particular, improvements
in soil fertility, increased activity of soil microflora, re-
duced acidity and erosion processes contributed to sus-
tainable productivity growth without extensive pres-
sure on natural resources. A study of soil indicators at
the “Eko-Nyva” farm (Polissia) over 2020-2024 revealed
a positive trend in humus content (Fig. 4). For example,
on plots with biological treatment of the wheat variety
“Bohuslavka”, the humus content increased from 2.8%
to 3.3%, while on control plots with chemical technolo-
gies this figure remained at 2.7-2.9%.

—— Humus content (%)

2023 2024

Figure 4. Dynamics of humus content in soils (2020-2024), “Eko-Nyva” farm (Polissia)
Source: developed by the authors based on data from National Institute for Strategic Studies (2024)

According to Table 4, after five years of biologisa-
tion, farms with different soil types showed improve-
ments in key agrochemical indicators. For instance, on
chernozems in the Sumy region, soil pH stabilised at

6.5-6.7, and the number of microorganisms increased
from 1.2x10° to 3.8x10° CFU/g (colony-forming units).
This indicated the activation of microbiological pro-
cesses that ensured natural plant nutrition.

Table 4. Soil fertility indicators after 5 years of biologisation (2020-2024)

Indicator Chernozems (Sumy region)  Serozems (Kherson region) Sod-podzolic soils (Zhytomyr region)
pH 6.7 71 5.9
Humus (%) 4.1 1.8 25
Microorganisms (CFU/g) 3.8x10° 2.1x106 1.9x10°

Source: developed by the authors

A significant economic effect was the reduction
in costs associated with the reclamation of degrad-
ed soils. At the farm “Sonyachnyi Step” (Zaporizhzhia
region), the introduction of biofertilisers based on
Bacillus megaterium bacteria reduced soil erosion by
30% over four years. This led to a reduction in an-
ti-erosion costs from UAH 2,500 to UAH 1,750/ha and
increased the yield of the maize hybrid “Dniprovskyi
185 SV” by 18%. Thus, biologisation ensured ecologi-
cally sound economic benefits by reducing anthropo-
genic pressure on the soil environment, increasing its
self-regeneration potential, and preserving productiv-
ity in the medium and long term. The obtained indi-
cators were particularly important for zones of risky
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agriculture (Polissia, Steppe), where soil degradation
was a systemic issue.

One of the key economic arguments in favour of
implementing biologised technologies in crop produc-
tion was the increase in market value of ecologically
certified products and expanded access to internation-
al markets (Kulazhanov et al., 2024). The organic grain
production segment demonstrated stable demand for
produce with low pesticide residue levels, grown ac-
cording to the principles of sustainable agriculture.
In 2024, the average price for organic grain on the
domestic market of Ukraine exceeded that of conven-
tional produce by 20-35%, and on external markets -
by more than 40% (Table 5).
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Table 5. Average grain prices in Ukraine (2024): organic vs traditional production

Culture Product type Domestic market, UAH/t External market (EU), $/t

Traditional 6,800 230

Winter wheat
Organic 8,600 340
Traditional 6,100 210

Spring barley
Organic 7,400 295
Traditional 6,300 225

Corn

Organic 8,100 320

Source: developed by the authors based on data from the State Statistics Service of Ukraine (n.d.)

As shown in Table 5, the largest difference in ex-
port value was observed for winter wheat, which is
one of Ukraine’s main export commodities. In 2024, the
premium on the price of organic wheat amounted to
$110/t, or about 48% more than produce grown with
conventional technology. Despite the price premium,
the export of organic wheat from Ukraine experienced

significant fluctuations. The highest volume of deliver-
ies to the EU over the last six years was recorded in
2018 - 75,971 t (Fig. 5). However, by 2022 this figure
had dropped to 20,797 t,and in 2023 it fell to 11,000 t.
This trend was associated with a decrease in the num-
ber of certified organic farms, increased international
market competition, and geopolitical factors.
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Figure 5. Export of organic wheat from Ukraine to the EU (2018-2024), thousand tonnes
Source: compiled by the authors based on data from the State Service of Ukraine on Food Safety and Consumer

Protection (n.d.)

In addition to the decline in volumes, the geo-
graphical profile of exports also changed. While in
2018, 85% of organic wheat exports went to Germany
and the Netherlands, by 2023 this share had dropped
to 60%, with the rest redirected to markets in Poland
and Romania. A successful example of diversification
was the “Zolotyi Kolos” farm (Vinnytsia region), which
in 2023 signed a contract with the German company
“BioGetreide GmbH” to supply 5,000 t of organic maize
of the hybrid “Dniprovskyi 185 SV” at a price of €310/t.
This allowed the farm to offset losses from the decline
in wheat exports. Thus, the introduction of innovative
biological technologies in crop production contribut-
ed to the creation of economic added value through
certification, ecological positioning, and entry into pre-
mium sales markets. This opened new opportunities
for farmers, including small and medium-sized enter-
prises, provided the enterprises adhered to traceability
requirements, phytosanitary safety, and environmental
responsibility. The projected cost savings for Ukraine’s

agricultural sector by 2030 were based on an analy-
sis of trends in the transition of farms to biological
technologies. Provided such practices were scaled up,
it was expected that by 2025 the annual savings would
amount to UAH 4.68 billion, and by 2030 this figure
would rise to UAH 15.21 billion (Formula 3). These
calculations took into account the average cost of tra-
ditional cultivation of 1 hectare of cereal crops and
the empirically confirmed level of cost reduction in
farms that had already implemented biological meth-
ods. The dynamics of savings demonstrated an econo-
my-of-scale effect: with an increase in cultivated area
up to 6.5 million ha, the potential for reducing costs
on fertilisers, pesticides, and environmental payments
grew significantly. According to the forecast shown
in Figure 6, the total annual cost savings with a full
transition of 30% of farms to biological schemes could
reach UAH 12-15 billion. This was due to reductions in
the cost of mineral fertilisers (by 25-40%), pesticides
(by 20-35%) and environmental fines (by 18-22%).
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Figure 6. Projected cost savings of Ukraine’s agricultural sector by 2030 with the scaling of biologisation (UAH billion)
Source: developed by the authors based on data from the State Statistics Service of Ukraine (n.d.)

To maximise the effect, it was necessary to con-
sider the soil-climatic characteristics of the regions. As
shown in Table 6, the optimal technologies for cher-
nozems included mycorrhiza and biofertilisers based
on humic acids, which increased yield by 15-20%. For
serozems in the steppe zone, the use of nitrogen-fixing

bacteria (Azotobacter) and seaweed-based biostimu-
lants was critical, because of reducing the impact of
drought. On sod-podzolic soils, effective measures in-
cluded biopesticides based on Trichoderma and phos-
phorus-mobilising microorganisms, which increased
phosphorus availability by 30-35%.

Table 6. Recommended technologies for different soil types

Soil type Priority biological technologies Efficiency (yield increase, %)
Chernozems Mycorrhizae, biofertilisers based on humic acids 15-20

Serozems Azotobacter, biostimulants from seaweed 10-15
Sod-podzolic Trichoderma, phosphate-mobilising bacteria 12-18

Source: developed by the authors

Implementation of these recommendations re-
quired state support, including subsidies for the pur-
chase of bioproducts and training of farmers. For
instance, the experience of the “Stepovi Zori” farm
(Kherson region) demonstrated that combining biofer-
tilisers with drip irrigation enabled maize yields of 80-
85 c¢/ha even under arid conditions. This highlighted
the importance of integrating biological and technical
solutions for stabilising agricultural production. Sum-
marising the modelling results, it could be stated that
scaling up biologisation had strategic significance for
Ukraine’s agricultural economy, as it allowed: reduc-
ing production costs without compromising yields;
preserving and improving soil resources; creating an
export advantage in the ecological products market;
and integrating Ukraine’s agro-industrial complex into
global sustainable development trends. The effective-
ness of biologised technologies in Ukraine’s agricultur-
al sector manifested both in the short and long term -
through increased yields, reduced costs, improved soil
quality, and expanded export opportunities. In view of
this, it was advisable to develop a national strategy for
incentivising biologisation as a key component of the
country’s agroecological policy.

DISCUSSION

The results obtained demonstrated the significant
effectiveness of biologised technologies in improv-
ing yields, economic viability, and the agroecological
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condition of soils. Comparison with current scientific
research indicated alignment with conclusions on the
potential of bioproducts for achieving the goals of sus-
tainable agriculture. Yield increases in wheat, maize,
and barley due to the use of mycorrhizae, nitrogen-fix-
ing bacteria, and biostimulants confirmed the findings
of H.Lu et al. (2024), who identified agglomeration ben-
efits in cereal production under conditions of optimised
ecological efficiency in the agricultural environment.
Similarly, in China, the application of biological treat-
ments and digital tools led to increased agricultural
productivity under conditions of water and soil scarcity.
The observed reduction in yield fluctuations in farms
using biological systems - at levels up to 5% - corre-
lated with the findings of MJ. Usigbe et al. (2023), who
proved that adaptive technologies, including microbial
and digital monitoring systems, significantly enhanced
the resilience of agricultural systems to climate risks.
It was found that the use of artificial intelligence plat-
forms combined with bioproducts enabled precise
application and control of agri-inputs, thus improving
production stability.

The study recorded a consistent increase in humus
content and soil bioactivity following five years of bi-
oproduct use, aligning with the analysis by Y. Pan et
al. (2024), which emphasised the importance of inno-
vations - particularly farmer-led initiatives introduc-
ing microbiological solutions - for long-term resto-
ration of soil functions. The research highlighted that




introducing biofungicides and humic substances had
positive effects on pH, soil structure, and microbial bi-
omass. The economic efficiency of biologised technol-
ogies, documented in the form of a 16.2% reduction in
costs and increased profitability, corresponded with the
analysis by C. Bernini and F. Galli (2024), who showed
that agricultural entities with high ecological efficiency
delivered better economic performance under spatially
diversified policies. Similarly, S.K. Kuchimov (2021) em-
phasised the importance of transitioning to innovative
farming models to lower production costs and optimise
spending on crop protection and fertilisers. Cost struc-
ture analysis for biologised maize cultivation revealed
a dominance of spending on bioproducts, explained by
the high effectiveness under arid conditions. Similar
conclusions were presented in the work of S. Alharbi et
al. (2024), noting that in arid and semi-arid regions,
the use of Azotobacter and phytostimulants improved
water retention capacity in plants and resistance to
stress. The study also mentioned reduced environmen-
tal fees, corresponding with the findings of L. Aldie-
ri et al. (2021) regarding the link between technolog-
ical modernisation and reduced environmental impact
through knowledge-intensive innovations.

The forecasted cost savings from scaling biologi-
sation to 30% of farms (up to UAH 15 billion annually)
matched the macroeconomic estimates presented by
J. He et al. (2025). The researchers showed that intro-
ducing digital and biological technologies could in-
crease total factor productivity by 12-15% in the medi-
um term. The work of Y. Hu et al. (2024) noted that the
digital economy in agriculture delivered maximum ef-
fect when combined with biologised farming schemes.
This alignment with the current study was evidenced by
farms that implemented biological technologies along-
side technical elements (e.g., precision application, reg-
ular lab monitoring, soil condition control), which re-
corded not only yield increases (up to 6.7 ¢/ha in maize)
but also a reduction in annual yield variability to 5%.
Additionally, improvements in agrochemical indicators
were observed (humus content increased by 0.5-0.6%)
and production costs decreased by 16.2%.

Premium organic product market results - particu-
larly a price difference of up to 40% - were consistent
with the findings of L. Ma et al. (2021) and K.K. Shah et
al. (2021), who noted a stable rise in demand for organ-
ic agricultural products amid global consumer shifts to-
wards sustainable food models. The recorded decline in
organic wheat exports from Ukraine to the EU aligned
with the observations of O. Adisa et al. (2024) regard-
ing the need to strengthen certification, traceability,
and smallholder support systems to maintain mar-
ket positions. Performance indicators for Azotobacter
chroococcum in various climate zones (up to 6.7 c/ha in
Forest-Steppe regions) confirmed the findings of G. Pa-
padopoulos et al. (2024), which noted that synergisti-
cally combining bioproducts with precision farming

Farzaliyeva et al.

technologies produced maximum effect in moderately
humid regions, while under drought conditions, sup-
plementary irrigation or improved soil structure was
needed. The outcomes from “Dniprovski Luki”and “Son-
yachnyi Step” farms demonstrated that targeted use of
biofungicides Trichoderma asperellum and Bacillus meg-
aterium reduced yield losses from fungal infections and
erosion.This supported the models proposed by D.M.He-
mathilake and D.M.Gunathilake (2022),whorecommend-
ed prioritised microbial protection in regions with high
soil degradation risk and phytopathogen prevalence.
The application of humic acid-based biostimulants,
which promoted 22-35% growth in wheat root sys-
tems, fully correlated with the research by M. Pisante et
al. (2012), which confirmed that early root formation
was a critical factor for stress resistance and high yield
potential. Similar approaches were supported in the re-
view by K. Takacs-Gyorgy (2012), which pointed to the
economic feasibility of transitioning to precision farm-
ing with biological inputs. The importance of account-
ing for soil types in selecting biological technologies
was supported by the research of S.Algarni et al. (2023),
which stated that bioproduct effectiveness significantly
depended on pH, organic content, and microbial activ-
ity. The research by R. Reddy (2022) emphasised that
applying modern agricultural machinery - including
precision seeding units, application systems, and digital
field management platforms - significantly improved
bioproduct usage efficiency. This approach aligned with
findings showing that while technical costs in biologised
schemes partly increased, ensuring better process con-
trol. Additionally, results from implementing adaptive
crop varieties and hybrids in combination with biologi-
caltechnologies confirmed the assertion by A.Abdul-Ra-
haman et al. (2021) that bridging the technological gap
in agriculture was only possible through aligned adop-
tion of both genetic innovations and agrotechnological
practices. Yield increases of 15-20% indicated the high
effectiveness of combining breeding achievements
with biological stimulation under regional conditions.
In conclusion, the study’s results aligned with the
international theoretical and empirical discourse on
the benefits of biologised technologies in the con-
text of sustainable development, economic efficiency,
agro-ecological safety, and climate adaptation. The
findings confirmed the rationale for developing a na-
tional policy to support biologisation in agriculture,
taking into account regional specifics, certification
needs, digitalisation, and expert support for farmers.

CONCLUSIONS

Within the study, it was established that the introduc-
tion of biological technologies in the cultivation of
winter wheat, maize, and barley under Ukrainian con-
ditions contributed to increased economic efficiency of
production by reducing costs, increasing yields, and im-
proving soil quality. A comparative analysis over 2020-
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2024 showed that when bioproducts were applied,
the average yield of the wheat variety “Podolyanka”
increased from 48.2 to 55.6 ¢/ha, whereas under the
chemical scheme it remained around 51.3 c/ha. For the
maize hybrid “DKC 5143’, the yield increase amounted
to 8.1 ¢/ha, and for the barley variety “Vakula” - 4.8 ¢/
ha. The overall reduction in per-hectare costs for the
wheat variety “Duma Odeska” amounted to UAH 2,100
(16.2%), including reductions in input costs of up to
UAH 2,300 per hectare. The profitability of cultivating
the wheat variety “Favorytka”in the Cherkasy region in-
creased from 18% to 24%.

Soil improvements were recorded over the five-year
application of biofertilisers: humus content increased
to 3.3% (0.5% higher than the control), acidity stabilised
at 6.5-7.1 pH, and the number of microorganisms rose
from 1.2x10° to 3.8x10° colony-forming units per gram
of soil. A 30% reduction in soil erosion activity was also
confirmed in farms in Zaporizhzhia region. For individ-
ual crops, it was established that the root length of the
wheat variety “Stolychna” increased to 48 ¢cm, and fun-
gal infection in the barley variety “Helios” decreased by

40%. Price analysis showed that organic products were
sold at a premium: on the foreign market, the price of
organic wheat reached USD 340 per tonne - USD 110
per tonne more than conventional wheat. The forecast
of economic modelling suggested that if the biologised
model were scaled to 30% of farms by 2030, the annual
savings for the agricultural sector could amount to UAH
14.9 billion. Prospective directions for further research
included the development of local agrotechnological
maps with consideration of soil types, the creation of
digital solutions for monitoring biological processes in
the field, and the long-term evaluation of the effective-
ness of bioproducts.
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KaHaonoaT eKOHOMIYHUX HayK, BUKIaday
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Anppint OnaHaceHko

AcnipaHT
HauioHanbHWI yHiBEpCUTET BiopecypcCiB i MpMPOAOKOPUCTYBAHHS YKpaiHu
03041, syn. [epois O6opoH#, 15, M. Kuis, YkpaiHa
https://orcid.org/0009-0002-4583-2006

AHotauia. MeToto poboTn Byno BCTAaHOBUTU edEKTUBHICTb 3aMiHM XiMiYHMX 3ac06iB 3axMCTy poOC/iuH, A06puB
i cTMMynaTopiB pocTy Ha 6ionoriYHi aHanorM B KOHTEKCTI MPOAYKTMBHOCTI, BWUTPAaT, peHTabenbHOCTi Ta
arpoeKkonoriyHoro ctaHy rpyHTie. JocnigxeHHs, nposegeHe y 2020-2024 pokax, 0XOnawBan0o COPTU 03UMOI
nwenuui «MoponsaHkax», «dyma opecbka», «DaBopuTka», «borycnaekax», «MIMN Jlaga» Ta «CTonuyHa», SUMeEHIo
«Bakyna», «enioc» i «KoHuepTo», a Takox ribpmuan kykypyasu «IAKC 5143», «OKC 4014», «[Mionep 9892»,
«XopTuus» Ta «OHinposcbkuii 185 CB». EMnipuyHa 6a3a BkOYana CTaTUCTUYHI AaHi, pe3ynbTaTi IPpyHTOBUX
aHani3iB, KeMCc-CnoCcTepexXeHHs B rocnofapCcTBaXx pisHUX PErioHiB Ta EKOHOMIYHE MOAENIOBAHHS. byno BCTaHOBNEHO,
O MpUPICT BPOXAMHOCTI MPKU 3acTOCyBaHHI 6ionpenapaTiB CTaHOBUB Y cepefHboMy 4,3-7,1 u/ra ans nweHuui 1
KyKypyZ3u Ta fo 4,8 u/ra ons s4MeHto, npu LbOMy BUTPATH 3HMXKYBanuca Ao 16 %. BMicT rymycy y rpyHTax 3pic
[0 3,3 %, a KinbKicTb MikpoopraHiamie — f0 3,8x106 KonoHi€yTBOPIOBaNbHUX OAMHMLB Ha rpam. CnocTepiranocs
30iNblUEHHS LOBXWHM KOPEHEBOT CMCTEMM MWEHUL copTy «CTONMYHA» A0 48 CM Ta 3MEHLUEHHS YPAXKEHHS SUMEHIO
rpubkoBUMM iHDeKuiaMu Ha 40 %. AHani3 WiH BUMSBMB, WO OpraHiyHa nweHuus KowTyBana Ha 48 % popoxye 3a
TPaAMLINHY Ha 30BHILWHLOMY PUHKY. [TpOrHo3 Moaeni 3acBiAYMB NOTEHLiaN EKOHOMIT 419 arpapHOro CEKTopy A0
15 Minbappis rpuBeHb 3a yMoB nepexoay 30% rocnofapcts Ha 6ionoriyHy Mogens. OTpMMaHi pe3ynbTaTi MOXYTb
6yTW BUKOpUCTaHI Ang afanTalii arpoTexHonorii, dopMyBaHHs Nporpam NiATPUMKM eKONOTiYHOro 3emnepobcTBa
Ta pO3BUTKY €KCNOPTY OpPraHivyHOi NpoayKuii

KniouoBi cnoBa: cinbcbke rocnogapcteo; peHTabensHicTb; biodyHriumnamn; 6ionobpuea; ctane 3emMnepobCTBo
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