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ABSTRACT

Rational use of natural resources and the implementation of environmentally safe technologies for cultivating cereal
crops are gaining particular importance in modern agricultural production under climate change. Ensuring the high
quality and safety of grain products requires scientifically grounded approaches to shaping their biochemical
composition, especially in the regions with high agrarian potential, such as the Left-Bank Forest-Steppe of Ukraine.
This article presents the results of long-term field and laboratory studies aimed at determining the impact of different
cultivation technologies (traditional, organic, biological, and mixed) on the biochemical composition of the main
cereal crops (winter wheat, spring oat, spring barley, and winter rye) under the conditions of the Left-Bank Forest-
Steppe of Ukraine. It has been demonstrated that biological and organic technologies contribute to an increase in the
content of protein, fats, and mineral substances, while also reducing the level of plant infection, thereby enhancing
environmental safety and ensuring the quality of grain products. An inverse correlation between protein and starch
content in grain has been established, as well as a direct relationship between starch content and the level of ear
infection. The effectiveness of the study lies in providing a comprehensive assessment of the biochemical
parameters of grain depending on the cultivation technology, which allows the optimization of agronomic
approaches to improve the quality and safety of grain products. The practical value of the research lies in the
implementation of environmentally safe cultivation technologies for cereal crops to enhance the competitiveness of
Ukrainian grain. The theoretical value of the study lies in deepening knowledge of the interaction between grain,
agronomic practices, and phytopathogenic pressure, which forms the scientific basis for sustainable farming
systems. The results of the research are particularly relevant under global climate change and the growing demand
for safe, high-quality grain products.

Keywords: biochemical composition, crop cultivation technologies, winter wheat, spring oat, spring barley, winter
rye, phytopathogenic micromycetes, environmental safety, organic production, biological technology, traditional
technology, protein content, starch, mycotoxins, agroecosystems, sustainable development.
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INTRODUCTION

In modern agricultural production, the rational use of natural resources and the implementation of environmentally
safe approaches to improving the quality of agricultural products are of particular relevance. One of the key
directions is the improvement of cultivation technologies for cereal crops, taking into account the soil and climatic
characteristics of the regions of Ukraine [11]. The Left-Bank Forest-Steppe zone of Ukraine is characterized by
optimal conditions for the cultivation of cereals including wheat, barley, oats, and rye [17]. It is well known that the
biochemical composition of grain products is an important indicator of their quality. This composition is formed
under the influence of a complex of factors, among which cultivation technologies play a leading role, as they can
significantly affect the content of proteins, carbohydrates, lipids, fiber, and mineral substances in the grain [19].
Depending on the growing conditions of plants in cereal agrocenoses, up to 60% of plants may be destroyed by
pathogens, leading to the loss of up to 55% of the harvest. Phytopathogenic microorganisms parasitize stems, leaves,
glumes, awns, and spikelets, causing a reduction in the assimilation surface and a weakening of metabolic processes
in cereal crops [1, 16]. Severe and early infection reduces tillering and plant height, delays heading, causes
premature ripening of grains, and leads to shriveled kernels with poor technological quality. The toxins produced by
micromycetes reduce the number of grains per spike and decrease the nutritional value of grain harvested from
infected plants. According to several authors [2, 8], grain infection levels of up to 10% generally lead to an increase
in mycotoxin content in grain products, with levels that may exceed permissible standards.

The production of biologically active compounds from cereal crops is one of the important tasks of agricultural
research [3, 9]. These biologically active compounds include a wide range of primary and secondary metabolites of
plant cells [4]. Among cereals, wheat grain is the richest in proteins, the content of which depends on the cultivar
and cultivation conditions and averages 13—15 mg%. Wheat proteins are considered to be complete due to their
amino acid composition, containing all essential amino acids [14, 18]. Pigments of wheat grain include carotenoids
and flavones. Since many pigments are glycosides by their chemical nature, wheat cultivars with pigmented kernels
are characterized by higher resistance to phytopathogenic microorganisms [12]. Due to its high fat content, oat grain
is characterized by an elevated energy value. This crop is unique in its optimal balance of carbohydrates, proteins,
and fats (40% starch, 11-18% protein, 4—6.5% fats). Oat protein is rich in essential amino acids, such as tryptophan
and lysine [20, 24]. Thus, the physiological and chemical composition of cereal seeds plays a decisive role in their
interaction with phytopathogenic fungi, especially during germination and heading. It has been proven that plant
tolerance to phytopathogens is associated with high protein content, while organic acids can enhance the action of
toxins present in plants [6, 8, 22]. However, plant-microorganism interactions include both positive and negative
aspects. Grains contain 60—80% carbohydrates, 7-20% proteins, enzymes, vitamins of the B complex (B1, B2, B6),
PP, and provitamin A. Wheat grain, due to its chemical composition and nutritional properties, differs from other
cereals by its high protein content, though it has a lower content of essential amino acids than barley or oat grain.
Barley grain is particularly rich in essential amino acids, especially lysine, the content of which is higher than in any
other cereal [23]. Numerous studies have noted the presence of essential amino acids such as lysine, tryptophan,
methionine, threonine, valine, phenylalanine, leucine, and isoleucine in the protein composition of cereals, which are
of high nutritional value [6]. Oat grain fat consists mainly of unsaturated fatty acids — oleic (18:1) and linoleic
(18:2) — as well as saturated palmitic acid (16:0). Their content in oats is the highest among all cereal crops [10].
Significant climate changes in Ukraine, associated with global warming, as well as the intensive breeding of cereal
varieties with biological features not yet fully studied, necessitate the improvement of existing cultivation
technologies and the development of new ones. Therefore, studying the biochemical composition of cereal seeds
under different cultivation systems opens pathways to selecting environmentally safe technologies for producing
crops with a high content of key biochemical compounds. This approach is an important factor for ensuring food
security, maintaining the ecological stability of agroecosystems, and enhancing the competitiveness of Ukrainian
grain both domestically and internationally.

MATERIALS AND METHODS

Experimental studies were conducted during 2019-2023 at the Skvyra Research Station of the Institute of
Agroecology and Environmental Management (Kyiv region), the Nosivka Breeding Research Station of the
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Myronivka Institute of Wheat named after V.M. Remeslo (Chernihiv region), and in the fields of the private organic
farm FOP Shanoylo (Chernihiv region), using different crop cultivation technologies.

Object of research: seeds of cereal crop varieties — winter wheat (Skagen), spring oat (Tembr), spring barley
(Salome), and winter rye (Dozor) — under different cultivation technologies.

Traditional crop cultivation technology. Based on long-term field experiments at the Skvyra Research Station of
Organic Production NAAS, cereal crops were grown according to the traditional cultivation technology (Table 1).

Table 1. Fertilization and crop protection system for cereal crops under traditional cultivation technology.

Fertilization and crop protection system Application rate
Cereal crops Vitavax 200 FF, FS 3.0L/
Granstar Gold 75 (FMC) 25 g/ha
Acanto Plus, SC 0.75 L/ha

Skvyra Research Station of Organic Production

Experimental plots of the Skvyra Research Station of Organic Production are represented by low-humus chernozem
with a coarse-silty, medium-loam texture. Under the traditional cultivation technology, it was determined that soil
acidity (pH) ranged between 6.0 and 7.1. The soil granulometric composition was characterized by a low sand
content (about 16%) and a high silt content (up to 66%).

Organic crop cultivation technology. Based on long-term field experiments at the Skvyra Research Station of
Organic Production, organic cultivation technology was applied, with crops grown after legumes as a preceding crop
and without the use of plant protection products. During the growing season, soil acidity (pH) was found to be
within 7.0-7.2. The granulometric composition showed a normal sand content of up to 17% and a high silt content
(up to 67%).

Mixed crop cultivation technology. At the Nosivka Research Station, a mixed cultivation technology for cereals was
applied, combining chemical products (herbicides, fungicides, and mineral fertilizers) with a range of biological
preparations (micronutrient fertilizers, growth stimulants, and biological fungicides) to reduce the chemical load on
the environment (Table 2).

Table 2. Fertilization and crop protection system for cereal crops under mixed cultivation technology.

Fertilization and crop protection system Application rate
Seed treatment:
Lamardor 0.6 L/ha 0,6 n/ra
Imisid 0.5 L/t0,5 n/t
Lider Puls 0.05 L/t 0,05 o/t
Novator Leaf 1OL/t 1o/t
Cereal crops At sowing: Nitroammophoska 100 kg/ha
Spraying: Ellai Super 20 g/ha
Lider Puls 0.1 L/ha
Novator Soil 15 L/ha
Novator Leaf 1.0 L/ha
Urea 15 kg/ha
Pallas 0.25 L/ha
Pointer 20 g/ha
Acanto Plus 0.7 L/ha
Poligraf 1.0 L/ha
Trend 0.3 L/ha
Fertilization: UAN (urea-ammonium nitrate solution) 100 L/ha 100 n/ra
Ammonium nitrate with lime 100 kg/h 100 kr/ra

Experimental plots of the Nosivka Breeding Research Station are represented by deep, low-humus, leached
chernozem. Under the mixed crop cultivation technology, the pH value of the rhizosphere soil ranged from 6.0 to
7.2. According to the granulometric composition, the rhizosphere soil was characterized by a high silt content of up
to 66%. The sand content was within the normal range, up to 26%.
In the Private Organic Farm, based on long-term field experiments, a biological crop cultivation technology was
applied, in which only biological preparations were used (Table 3).
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Table 3. Fertilization and crop protection system for cereal crops under biological cultivation technology.

Fertilization and crop protection system Application rate
Cereal crops Trichodermin BT 5.0 L/ha
Humic fertilizer 1.5 L/ha

The experimental plots of the farm were represented by sod-medium and weakly podzolic sandy loam and loamy
soils. Soil pH varied depending on the crop: for winter wheat — 5.0-5.6, and for spring oat — 5.8-6.1. According to
the granulometric composition, the rhizosphere soil had a sand content that exceeded the norm by two times, while
the content of silt and clay was below normal, averaging 38%.

Laboratory studies were carried out in the Laboratory of Biocontrol of Agroecosystems and Organic Production at
the Institute of Agroecology and Environmental Management.

Determination of grain quality indicators was performed using an Infratec 1225 analyzer (Tecator, Sweden). The
quality parameters of wheat, barley, oat, and rye grains were assessed. Whole grain was used for analysis, untreated
with seed dressings, growth regulators, or other chemical products. Grain samples for analysis were collected in
accordance with DSTU requirements [13].

Statistical methods. A one-factor analysis of variance (ANOVA, Tukey test) was conducted. Differences between
control and experimental data were considered significant at P < 0.05. Correlation dependence was determined
between the number of micromycetes in the rhizosphere soil and the value of the hydrothermal coefficient (HTC).

RESULTS

Results of the study. Ten biochemical indicators of grain quality in cereal crops were determined: protein, gluten,
fat, ash, starch, phosphorus (P.Os), potassium (K:0), fiber, sedimentation, and moisture, under the influence of
different crop cultivation technologies. It was proven that cultivation technologies of cereal crops [5] significantly
affect the content of biochemical substances in winter wheat grain.

According to the results presented in Figure 1, under biological cultivation technology, the grain of the winter wheat
variety Skagen was characterized by an increased protein content of 13.6%, fat content of 1.96%, and gluten content
of 22.6%. In addition, the sedimentation index reached 36.7 mL. Elevated phosphorus (0.87%) and potassium
(0.58%) contents were also determined. Grain moisture increased to 11.4% compared with other cultivation
technologies. The starch content was 67.6%, indicating the high quality of the winter wheat Skagen grain (Fig. 1).
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Figure 1. Biochemical composition of the grain of winter wheat variety Skagen under different cultivation
technologies

During the growing season, winter wheat plants were characterized by a low level of infection by phytopathogenic
microorganisms (up to 3%) and a high resistance score (1), indicating a low frequency of species occurrence in the
seed microbiome and the safety of seed products.
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Cultivation of winter wheat under organic technology led to a reduction in the biochemical parameters of the grain
compared with biological technology. According to the results presented in Figure 2, the protein content in wheat
grain reached 11.2%, gluten — about 19.9%, fat — 1.94%, ash — up to 1.22%, phosphorus — up to 0.86%, potassium —
0.52%, sedimentation index — 35.5 mL, and moisture — 11.3%. However, starch content increased to 68.4%. The
degree of pathogen infection was low (up to 5%), and the plant resistance score was 1; thus, the frequency of species
occurrence in the seed microbiome was insignificant. Therefore, winter wheat grain under organic technology is
characterized as a high-quality and safe product.

Under mixed cultivation technology, the quality of winter wheat (Skagen) grain was similar to that obtained under
organic cultivation but lower compared with biological technology. The results showed that biochemical indicators
of grain under mixed technology were as follows: protein — 11.0%, gluten — 15.4%, ash — 1.44%, phosphorus —
0.80%, potassium — 0.51%, starch — 70.8%, fat — 1.87%, sedimentation index — 33.7 mL, and moisture — 10.2%.
Under mixed cultivation, protein content decreased while starch content increased, significantly affecting product
quality, as the number of infected plants reached about 18% with an infection severity of 3 points. The frequency of
species occurrence in the seed microbiome also increased, reducing the safety of grain products.

Under traditional cultivation technology, the quality of winter wheat grain products significantly decreases
compared with other cultivation technologies. According to the research results, the biochemical indicators of wheat
grain under traditional cultivation decreased: protein by 2%, gluten by 4.5%, and sedimentation index by 5.5%,
while starch increased by 3% compared with organic cultivation technology. Other indicators (fat, ash, phosphorus,
potassium, moisture) changed less substantially but also tended toward lower quality. Consequently, an increased
frequency of phytopathogenic micromycete species was observed in the seed microbiome, causing significant
contamination of seed products.

Similar studies were conducted to determine changes in the quality indicators of spring oat grain products under
different cultivation technologies (Fig. 2).
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Figure 2. Biochemical composition of the grain of spring oat variety Tembr under different cultivation technologies

According to the results of the study presented in Figure 2, under the biological cultivation technology of the spring
oat variety Tembr, the protein content reached 18.9%, fiber 5.72%, ash 2.9%, fat 6.56%, phosphorus 0.88%,
potassium 0.55%, and moisture 13%. However, a noticeable decrease in starch content in oat grain was observed,
amounting to 56.9%. The percentage of spike infection by phytopathogenic fungi was low, averaging up to 3%,
while the infection intensity was within 1 point. This indicates the safety of seed production for the studied variety.
The organic cultivation technology also influenced the quality indicators of spring oat grain, where the content of
biochemical substances was significantly lower compared with the biological cultivation technology, namely:
protein by 2.7% less, ash by 0.1%, fat by 0.1%, and phosphorus by 0.07%. Potassium and grain moisture were at the
same level under both cultivation technologies, but the starch content was 2.8% higher than under the biological
cultivation technology. Under these conditions, the intensity of spike infection increased to 4%, corresponding to 1
point, which also indicates the safety of spring oat seeds.

The mixed cultivation technology significantly influenced the quality indicators of grain, with starch content
increasing by 3.2% and grain moisture by 2.5%. Other quality indicators of spring oat grain production slightly
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decreased compared with the previous cultivation technologies and amounted to: protein 14.4%, fiber 4.65%, ash
2.7%, fat 5.86%, phosphorus 0.72%, and potassium 0.53%. During the growing season, the infection rate of spring
oat spikes reached 20%. Accordingly, the infection intensity reached 5 points, indicating a high degree of biological
contamination of spring oat seed production.

The traditional cultivation technology significantly affected the biochemical composition of spring oat grain,
reducing biochemical indicators such as protein by 3%, fiber by 5%, and moisture by 1.5%. The starch content in
spring oat grain increased up to 66.3%. The infection rate of oat spikes increased, reaching 42%, with an infection
score of 7, which indicates a high frequency of fungal species in the seed microbiome.

Thus, cultivation technologies and infection by pathogenic microorganisms significantly affect the biochemical
parameters of grain production. Under biological and organic cultivation technologies, the protein content is 4.5%
higher, while starch content is 9.4% higher compared with traditional and mixed cultivation technologies of spring
oats. With the increase in starch content and decrease in protein, there is a corresponding increase in plant infection
by phytopathogenic microorganisms, which reduces the safety of seed production.

In addition, changes in the biochemical composition of spring barley grain under traditional and organic cultivation
technologies were determined (Fig. 3). According to the results of the study presented in Figure 3, under the organic
cultivation technology, the grain quality of the spring barley variety Salomi changed as follows: protein content
increased to 10.64%, gluten to 5.65%, ash to 2.8%, fat to 3.3%, phosphorus to 0.85%, potassium to 0.59%, and
moisture reached 12.1%, while starch content decreased to 60.6%, indicating a deterioration in the brewing qualities
of the crop. The spike infection rate of barley was 10%, with an infection score of 7, which indicates the safety of
the crop under organic cultivation conditions.
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Figure 3. Biochemical composition of the grain of spring barley variety Salomi under different cultivation
technologies.

Under traditional cultivation technology of the Salomi barley variety, the protein content decreased by 1.55%, gluten
by 0.1%, ash by 0.27%, fat by 0.2%, phosphorus by 0.05%, potassium by 0.09%, and moisture by 4%, while starch
increased by 2.72% compared to other technologies. The prevalence of spike diseases increased to 30%, and the
infection intensity reached 5 points. This indicates that cultivation conditions, particularly the use of chemical-based
preparations, influence not only the formation of the phytopathogenic microbiome but also the biochemical
composition of the grain. It should be noted that the decrease in protein content contributed to the increase in starch
in the grain and the proliferation of pathogenic microorganisms, which significantly affects the safety of plant
products.

Changes in the quality indicators of rye grain production were also determined under mixed and biological
cultivation technologies (Fig. 4).

The research results presented in Figure 4 show that biological cultivation technology influences the grain quality of
the rye variety Dozor: protein content increased by 1.0%, fat by 0.13%, phosphorus by 0.10%, potassium by 0.03%,
and moisture by 1.3%, while ash decreased by 0.14% and starch by 2.8% compared to the mixed cultivation
technology. In this case, a very low percentage of spike infection was observed, reaching 2%, with an infection
score of 8, which indicates the high safety of the variety under biological cultivation technology.
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At the same time, under mixed cultivation technology of winter rye, the studied indicators decreased: protein by
0.1%, ash by 0.06%, fat by 0.22%, phosphorus by 0.04%, potassium by 0.01%, while moisture reached 11.5%, and
starch content increased by 1.3%. Accordingly, the intensity of spike infection also increased to 10%, with an
infection score of 8.
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Figure 4. Biochemical composition of the grain of winter rye variety Dozor under different cultivation technologies.

This indicates that biological preparations used in biological cultivation technologies are capable of improving the
quality of grain production at an environmentally safe level, while chemical pesticides applied in mixed cultivation
reduce the quality of winter rye grain production.

A correlation between protein and starch content in cereal crops under different cultivation technologies was
established (Fig. 5).
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Figure 5. Correlation between protein and starch content in cereal crops under different cultivation technologies.

According to the data presented in Figure 5, an inverse correlation (y = -0.9492x + 80.557) was observed between
protein and starch content in plant grain. The higher the percentage of protein, the lower the starch content, which
affects the quality indicators of grain production.

A correlation between starch content and the percentage of infection in cereal crops was also observed (Fig. 6).
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Figure 6. Correlation between starch content and percentage of spike infection in plants.

According to the data presented in Figure 6, a direct correlation (y = 7.2747x — 493.43) was observed between starch
content in grain and the intensity of spike infection in cereal crops. The higher the starch content, the greater the
percentage of spike infection, which reduces the safety of grain production. Therefore, protein content in grain can
influence both the quality and safety of grain production.

Discussion

In Ukraine, fundamental and applied studies of the biochemical composition of cereal crops under the influence of
different cultivation technologies have been conducted by researchers such as O. V. Togachynska (Institute of
Agroecology, UAAS), who developed an ecological methodology for assessing wheat quality in the Forest-Steppe,
taking into account agrochemical, phytosanitary, and biochemical aspects [21]. Uman researcher T. V. Herasko
(2008) studied the effects of pre-sowing treatment with antioxidants on the biochemical parameters of wheat grain,
showing improvements in enzymatic activity and product quality. Research teams at the Khmelnytskyi Experimental
Station of NAAS (O. S. Kvasnytska, L. P. Vlasiuk, 2022) systematically analyzed the influence of biological
preparations in cultivation technologies on the biochemical characteristics of grain under the conditions of the Right-
Bank Forest-Steppe [16].

Thus, grain production is a strategic resource for Ukraine’s food security, and the quality characteristics of grain—
particularly protein, starch, macroelements, and the degree of microbiological infection—are of key importance in
assessing its nutritional value and safety. In this regard, studying the biochemical composition of grain under
different cultivation technologies in the Left-Bank Forest-Steppe of Ukraine is timely and necessary for the
scientific justification of sustainable, resource-saving, and environmentally safe farming systems.

The results obtained confirm that cultivation technologies significantly affect the biochemical composition, the level
of infection by pathogenic microorganisms, and the quality and safety of grain production. High levels of protein,
gluten, fats, phosphorus, potassium, and sedimentation were recorded under biological cultivation technology. This
indicates its potential for producing high-quality, environmentally safe grain with minimal infection by
phytopathogenic microorganisms.

At the same time, under traditional and mixed cultivation technologies, a decrease in the content of the main
biochemical substances was observed, while starch content increased. This was accompanied by increased infection
intensity in plants and a higher degree of plant susceptibility. These trends indicate an inverse relationship between
protein and starch, which is important for determining technologies aimed at improving grain safety and nutritional
value.

The direct correlation between starch content and spike infection intensity in cereal crops also demonstrates that
high starch content may promote the development of phytopathogenic microbiota. Thus, an increase in grain protein
serves not only as a quality criterion but also as a factor in stabilizing the microbiological state of the product.

The study highlights the feasibility of wider adoption of biological and organic cultivation technologies, especially
given today’s ecological demands for sustainable agricultural production. Such approaches ensure not only high
yields and grain quality but also contribute to reducing mycotoxin risks while preserving soil fertility and the
biodiversity of agroecosystems.



International Journal of Ecosystems and Ecology Science (IJEES) Vol. 15 (6): 1-10 (2025)
https://doi.org/10.31407/ijees https://doi.org/10.31407/ijees15.6

CONCLUSION

e The biological cultivation technology of winter wheat (Skagen variety), spring oat (Tembr variety), winter
rye (Dozor variety), and spring barley (Salomi variety) ensures an increase in seed protein content by 2.7%,
fat by 0.3%, gluten by 7%, and maintains a low level of infection with phytopathogenic micromycetes,
which improves the quality of grain production.

e Under the organic cultivation technology of winter wheat, spring oat, winter rye, and spring barley, a
moderate decrease in biochemical parameters was observed: protein by 2.4%, gluten by 2.7%, fat by 0.1%,
phosphorus by 0.1%, potassium by 0.05%, moisture by 0.7%, and sedimentation in wheat by 9 mL, while
starch content increased by 2—-3% compared to the biological cultivation technology. However, the safety
of seed production remained high.

e Compared to biological technology, mixed cultivation technology led to a moderate decrease in the main
biochemical parameters of grain (protein —2.6%, gluten —7.2%), while traditional cultivation technology
had an even stronger negative effect (protein —4.6%, gluten —7.2%, sedimentation —14.7 mL). In both cases,
starch content increased by 4%, and spike infection by pathogens exceeded 17%, which negatively affected
the quality and safety of grain production.

e An inverse correlation between protein and starch content in grain was established, as well as a direct
correlation between starch content and plant infection level. This indicates the role of protein as an
indicator of grain product safety.

e Biological and organic cultivation technologies are recommended for wide implementation as
environmentally safe and effective farming systems that contribute to the production of high-quality and
safe grain under the conditions of the Left-Bank Forest-Steppe of Ukraine.
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