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The study aimed to investigate the interaction of winter wheat seed mycobiota with various protective systems, including
chemical and organic, to improve winter wheat cultivation technologies. Particular attention was paid to establishing
the relationship between the use of protective systems and changes in the seed mycobiota composition that affect wheat
quality and yield. The research was conducted during 2022—-2023 on two varieties of winter wheat: Aliot and Emil.

Protective measures were taken at different stages of plant development. Pre-sowing treatment was carried out one day
before sowing, and spraying was carried out at the stages of growth according to the BBCH scale (Biologische Bundesanstalt,
Bundessortenamt und CHemische Industrie): 21-29 (tillering), 37-39 (flag leaf), and 71-77 (milky ripeness). The seed
microbiota was analyzed using a biological method with potato glucose agar to detect external and internal infections. For
the statistical analysis of the crop data, the Data Analysis tool in Microsoft Excel was used, in particular, the analysis method
of variance, which allowed us to determine the influence of various factors on the study's results.

The results of the study showed that the weight of 1000 seeds depended more on varietal characteristics than on the use
of protective systems. However, it was found that the composition of the microbiota of winter wheat seeds significantly
depends on the type of protection system used. In particular, the chemical protection system had the greatest impact on
the microbiota composition. It was found that under the conditions of dominance of the fungus Alternaria tenuissima, the use
of protective systems leads to a significant decrease in its number and changes in the composition of the fungal complex.
At the same time, a significant spread of Penicillium spp. is associated with a significant slowdown in the growth of winter
wheat seedlings and inhibition of other fungal species.

It was also found that there is a moderate to significant correlation between the number of Fusarium oxysporum colonies
and the weight of 1000 seeds. This indicates the negative impact of this fungus on seed filling, which is especially intensified
under conditions that favor its development, in particular during favorable weather conditions. Based on the results of the study,
the importance of controlling F. oxysporum populations to ensure high quality and yield of winter wheat was established.
The results emphasize the need for further research to better understand the factors that influence the interaction between
microbiota and defense systems, especially in the context of organic farming, which is considered a promising alternative
to pesticides.
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Introduction. The study of the microorganisms influ-
ence on plant development is currently attracting signifi-
cant attention from the scientific community. A key aspect
of this issue is the investigation of mycobiota and its inter-
action with plants, especially considering the use of pro-
tection systems. Seeds, as the foundation of the plant life
cycle, possess a unique microbiota that determines their
resilience, yield, and ability to adapt to environmental
changes.

Selecting a protective system for winter wheat ensures
high yields and improves crop quality (Spychak & Butenko,
2023). A starting point for addressing this issue is the thor-
ough investigation of seed mycobiota, as it has great poten-
tial to influence plant health and productivity.

The aim of the research was to determine the relation-
ship between protection systems and the mycobiota of win-
ter wheat seeds, which offers prospects for improving winter
wheat production.

The composition of seed mycobiota includes a variety
of fungi that can contaminate agricultural products with
mycotoxins. Among such fungi are Fusarium sp., Peni-
cillium sp., Aspergillus sp., Alternaria sp., Cladosporium
sp., Cochliobolus sp., and others. It is noted that 20-25%
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of food crops worldwide contain mycotoxins in their struc-
ture. (Eskola et al., 2020)

Research on the mycobiota of winter wheat seeds in
Ukraine over recent years has shown that the most com-
monly isolated and identified genera include Aspergillus sp.,
Curvularia sp., Fusarium sp., Nigrospora sp., Epicoccum
sp., Cladosporium sp., Stemphylium sp., Cochliobolus sp.,
Alternaria sp., Phoma sp., Mucor sp., Penicillium sp., Acre-
moniella sp., and Sordaria sp. A study of 70 wheat grain
samples from the 2016 and 2017 harvests collected in differ-
ent regions of Ukraine revealed that one gram of wheat grain
contains between 1.12x10% and 6.5%10* CFU (colony-form-
ing units), with an average of 3.3x10* £ 3.2x10* CFU. Inside
the seeds, 11 fungal species were found. The most preva-
lent were Alternaria spp. (67% of samples), Aspergillus spp.
(37%), and Phoma exiqua (30%). Less frequently, fungi from
the genera Fusarium spp. and Mucor spp. were detected (in
19% of samples). (Ostrovsky et al., 2018)

Today, the use of chemical preparations is a crucial
element in growing winter wheat under traditional technol-
ogy. This approach to production enhances plant protec-
tion, leading to reduced crop losses and increased pro-
duction efficiency (Ons et al., 2020). Chemical products
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have undeniably proven their effectiveness in preventing
the spread and development of pathogens such as fungi,
bacteria, and other harmful agents that affect the plant dur-
ing its growing season (Siroshtan et al., 2019; Klipakova &
Bilousova, 2018). In study of Zaima O. and Derhachova O.
(2019), a correlation was demonstrated between use of var-
ious active substances and yield growth during the vege-
tation period of winter wheat. The application of Tilt Turbo
575 EC, Amistar Trio 255 EC, and Vareon 520 contrib-
uted to improving grain quality and increasing yields by
0.16-0.75 t/ha (Zaima & Dergacheva, 2019).

According to Shvartau V. (2019) and others, the positive
impact of using various fungicides for the control of Fusar-
ium head blight is also noted. The use of these substances
for pathogen control resulted in 47-59% control effective-
ness and an average yield increase of 1.5 t/ha. (Schwartau
etal., 2019)

Despite the many positive aspects of pesticide use,
there are also negative factors to consider. Seed treatment
has a significant impact on laboratory germination, early
embryo development, and the subsequent growth of plants.
An increase in the number of active substances negatively
affects seed germination compared to treatments based on
a single active ingredient (Bilousova et al., 2020).

The negative aspects of pesticide use manifest through
their impact on ecosystems and human health (Narayanan
et al., 2022; Upadhayay et al., 2020). Continuous pesticide
use can lead to the development of resistance in harmful
organisms, which requires the application of more toxic
chemicals (Hawkins et al., 2019). Pesticides pollute soil
and water, adversely affecting non-target organisms, includ-
ing beneficial insects and soil microorganisms (Syafrudin et
al., 2021; Wotejko et al., 2020). Additionally, the accumula-
tion of pesticides in food products can cause health issues
in humans, such as endocrine disorders and cancer (Liu, Q.
et al., 2021). Pesticide emissions into the atmosphere also
contribute to air pollution and climate change (Zaller et al.,
2022).

As an alternative to pesticide use, organic farming is gain-
ing prominence by offering effective plant protection meth-
ods. Organic farming systems meet the key criteria for sus-
tainable production by using significantly fewer resources,
such as fertilizers and plant protection agents, while still
achieving high-quality wheat yields. In the long term, this
contributes to the efficient use of resources and reduces
the negative impact on the environment. Organic farm-
ing has the potential to make a significant contribution to
addressing issues related to the high externalities of con-
ventional agriculture. (Mader et al., 2007)

With the popularity growth of organic production, Ukrain-
ian scientists are actively searching for and developing
of new methods, models, and other means of improvement
this direction. For example, researchers have demonstrated
high effectiveness of using plant extracts to fight the path-
ogen of Alternaria tenuissima. Specifically, extracts from
sage, annual wormwood, and field poppy showed signif-
icant fungistatic action, reducing infection levels ranging
from 84.3% to 99.5% (on the fifth day of inoculation). These
results indicate the potential importance of plant extracts in

modern strategies of plant disease control. (Shevchuk et al.,
2021)

Scientists recommend to elaborate systems that combine
different agents and implement advanced achievements, for
enhancing effectiveness in various crop rotations and winter
wheat protection systems. This approach has the potential
to increase winter wheat yield, expand the application area
of these technologies, and reduce the need of pesticides.
(Zayets et al., 2020; Chugrii, 2020)

Materials and methods. The research was conducted
during 2022-2023 years with two varieties of winter wheat:
Aliot and Emil (State Register of Plant Varieties Suitable
for Distribution in Ukraine, 2023). The experiment was car-
ried out at the educational-scientific-production complex
of Sumy National Agrarian University (SNAU), located in
the North-Eastern Forest-Steppe of Ukraine.

The trial plot area was 216 m?, and the soil was typical
deep medium-humus black soil. The plot arrangement was
sequential. There were six variants, with three replications.
It was used seed-driller Klen -1.5C for sowing. Spraying was
carried out with an OP-2.0 LUX sprayer.

The fieldwork part of the experiment was conducted
according to Yeshchenko, V. (Yeshchenko et al., 2005).
Experiment conditions: 1. Sowing term: late Septem-
ber-mid-October (depending on weather); 2. Protective
measures. Pre-sowing treatment was done the day before
sowing. Spraying (on the spike of plant) was carried out in
phases according to the BBCH scale: 21-29, 37-39, 71-77.
The preparations used in the experiment are presented in
Table 1. 3. Fertilization was done in spring after the physical
maturity of the soil (application in rows).

The analysis of the mycobiota was carried out using
a biological method with potato-glucose agar to assess
both external and internal infections (Zhukova et al., 2023).
For each variant, 100 seeds were randomly selected. The
analyzing procedure of seeds included the following steps:
1. plating on potato-glucose agar (PGA); seeds were placed
on Petri dishes with medium. Each seed was spaced
to avoid contact with others, ensuring individual growth
and identification of colonies; 2. incubation — the Petri dishes
were incubated at 22-25°C for 7 days in the dark to promote
fungal growth. Regular observations were made to assess
the development of fungal colonies; 3. identification of fun-
gal species; after incubation period, the emerging fungal
colonies were examined and identified based on their mor-
phological characteristics. Identification was carried out with
microscope and reference guides for fungal taxonomy.

During 2021-2022 growing season of winter wheat,
weather conditions were characterized by a relatively mild
autumn and cold winter. In the autumn period of 2021,
the average temperature gradually decreased from Septem-
ber to November, creating favorable conditions for the ini-
tial development of plants. A moderate amount of rainfall
in the autumn (44.80 mm in September and 48.70 mm in
November) provided sufficient soil moisture, promoting
good root establishment. The winter months of 2021-2022
were relatively cold, with minimum temperatures lowing to
-7.58°C in January, but with significant snow cover (up to
1476 mm). In spring of 2022, temperatures gradually rose,
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Table 1

Experimental design

Variant

Preparations

Treatment method

Control

Spraying with pure water

Seed soaking in water
and spraying

Chemical system

1. Fungicides:
a. Maxim 025 FS, TH (fludioxonil 25 g/l);

b. Aviator Xpro 225 EC, KE (prothioconazole 150 g/l

Bixafen 75 g/l);
2. Herbicides: Granstar Gold 75, WG (tribenuron-methyl 750 g/kg,
Thifensulfuron-methyl 187.5 g/kg);
3. Insecticides: Fas, KS (alpha-cypermethrin 100 g/l);
4. Fertilizer: ammonium nitrate

Seed treatment, fertilization,
spraying

Organic system

Mulching,
20% garlic solution

Seed treatment, spraying

and the amount of rainfall, particularly in April (66.20 mm),
provided sufficient moisture for plants to actively growth
resume.

During 2022-2023 growing season, favorable condi-
tions for the initial development of winter wheat were fixed
in autumn. The average temperature in September was
moderate (11.77°C), and the rainfall (106.60 mm) ensured
good level of soil moisture. The winter of 2022-2023 was
milder compare with previous year, with less snow cover,
but minimum temperatures of -6.08°C in February, reduc-
ing the risk of crop freezing. Spring of 2023 was warmer,
and the amount of rainfall in April (63.40 mm) and May
(10 mm) was sufficient to support active plant growth in
the final stages of plant development, contributing to better
conditions for yield formation.

Statistical data processing on yield was done with Micro-
soft Excel's "Data Analysis" tool, utilizing the analysis of var-
iance method (Tsarenko et al., 2000).

Results. Studying the impact of protection systems on
plants and their interaction is a crucial factor in agronomy.
Analyzing the influence of different systems on mycobiota
composition needs consideration of a large seed number, as
the application of protection systems affects plant productiv-
ity directly (stress on plants during the application of chem-
ical agents) and indirectly (protection against pathogens).
The results of measuring the weight of 1000 seeds for two
years are presented in Table 2.

The analysis of the results showed that the protec-
tion systems had a more significant impact on the weight
of 1000 seeds than the year conditions. In 2023, there was

a significant increase in the weight of 1000 seeds by 18.5%
compared to 2022. Data analysis for 2022 showed a neg-
ative impact of protection systems on the weight of 1000
seeds. For the Aliot variety, the difference between the con-
trol and organic systems was 8.5%, and with chemical pro-
tection, it was 20.7%. For the Emil variety, the difference
was 3.6% between the control and chemical systems, but
there was an increase in seed weight by 6.8% in the organic
one. Based on the data of 2022, it is not possible to confirm
a relationship between the application of protection systems
and the weight of 1000 seeds weight.

As the result of data processing for 2023 year ambigu-
ous results were got. For Emil variety indicators growth were
determined, by 7.5% in particular, in variant with chemical
protection, while deviations from the control were insignifi-
cant: less than 1%, in the organic system. Conversely, for
Aliot variety increasing of 1000 seed weight was fixed in pro-
tection systems: 8.7% for organic and 13.2% for chemical
systems.

During the 2021-2022 growing season, a relatively cold
winter and moderate spring precipitation may have caused
the negative impact of protection system on 1000 seed
weight. Low temperatures and different levels of humid-
ity could create additional stress for plants, especially
in combination with the use of chemicals. In contrast,
the 2022-2023 growing season was characterized by
a milder winter and warmer spring with favorable moisture
conditions, which likely contributed to seed weight growth.
More favorable weather conditions of 2023, especially
for critical stages of plant growth may have decreased

Table 2
The influence of protection system on the weight of 1000 seeds
. ] Weight of 1000 seeds, g

Variety Variant 2022 2023
Control 49.72 50.77
Aliot Organic system 45.48 55.63
Chemical system 39.45 58.50

LSD, . 0.06
Control 41.34 49.49
Emil Organic system 44.24 49.42
Chemical system 39.84 45.81

LSD,, 0.07
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the stress caused by protection systems, and promote in
productivity increasing.

Determination the mycobiota of winter wheat seeds
(2022-2023 harvest) was done. The following fungi species
were identified: Fusarium oxysporum, Fusarium oxysporum
(with pink mycelium) (Fig. 1b), Fusarium sporotrichoides, Alter-
naria tenuissima (Fig. 1a, b), Alternaria infectoria, Penicillium
spp. (Fig. 1c), Mucor spp., Monilia sitophila, Curvularia spp.,
Aspergillus oryzae, Cladosporium spp., Aureobasidium pullu-
lans, Arthrinium arundinis, Humicola spp., Trichoderma spp.

The results of the mycobiota analysis are presented in
Table 3 and Table 4. The percentage of colonies and the aver-
age number of colonies for 2022-2023 were showed.

Certain tendencies can be noted in distribution of gen-
era/species of fungi on the winter wheat varieties of Aliot

and Emil. In 2023, the Aliot variety demonstrated a signifi-
cant increase in the percentage of A. tenuissima colonies
till 83.05%, the highest number among all species. This
indicates that favorable conditions have been formed for
the development of the fungus. At the same time, there was
a decrease in the percentage of Penicillium spp. colonies to
1.69%, which may indicate an improvement in the variety's
resistance of this species.

In contrast, the Emil variety decreased the percentage
of A. tenuissima colonies from 73.9% in 2022 to 71.79%
in 2023, which may indicate the variety stability in condi-
tions unfavorable for development of this fungal species.
However, the increase in the percentage of other colonies
from 4.08% to 8.33% may point to increase in the biodiver-
sity of micromycetes on this variety. It will be positive and

Table 3

Percentage of the total and average colony number on the seeds of Aliot variety

Variant Percentage of the total number of colonies, %
Generalspecies 2022 2023
F. oxysporum (pink mycelium) 5.5 3.03
A. tenuissima 69.6 78.8
Penicillium spp. 8.4 1.21
F. oxysporum 10.5 4.85
Control M. sitophila 59 -
A. pullulans - 0.61
Mucor spp. - 0.61
Other colonies 10.91
F. oxysporum (pink mycelium) 6 1.32
A. tenuissima 64 70.4
Penicillium spp. 20.5 12.5
) F. oxysporum 7 3.29
(s);g?enrlrf Curvularia spp. 0.5 -
A. pullulans - 1.32
A. infectoria - 1.32
Mucor spp. - 2.63
Other colonies 2 6.85
F. oxysporum (pink mycelium) 7.4 3.95
A. tenuissima 57.6 83.05
Penicillium spp. 10.6 1.69
F. oxysporum 7.4 1.69
. F. sporotrichoides 9.2 -
Chemical system Aspergillus oryzae 0.9 -
A. arundinis - 0.56
Mucor spp. - 0.56
Trichodérma spp. - 0.56
Other colonies 6 7.91
LSD, . for A. tenuissima 0.55 0.3
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Percentage of total and average colony number on the seeds of Emil variety

Table 4

Variant Percentage of the total number of colonies, %
Generalspecies 2022 2023
F. oxysporum (pink mycelium) 11.6 0.64
A. tenuissima 73.9 71.79
Penicillium spp. 1.6 1.92
F. oxysporum 6.4 7.05
Mucor spp. 0.4 449
Control A. oryzae 1.2 -
A. pullulans - 0.61
A. infectoria - 1.28
A. arundinis - 0.64
Trichodérma spp. - 3.21
Other colonies 4.08 8.33
Fusarium oxysporum (pink mycelium) 11.5 10.76
A. tenuissima 72.5 63.29
Penicillium spp. 3.5 5.7
) F. oxysporum 7 6.33
Cs);g?en'f Mucor spp. 0.5 1.9
A. oryzae 2 -
A. infectoria - 3.16
Trichodérma spp. - 2.53
Other colonies 0.5 6.33
F. oxysporum (pink mycelium) 12.7 4.83
A. tenuissima 32.7 79.31
Penicillium spp. 39.6 0.69
F. oxysporum 1.9 2.07
Chemical system Mucor spp. 0.8 2.07
F. sporotrichoides 3.1 -
Humicola spp. - 0.69
Trichodérma spp. - 0.69
Other colonies - 9.66
LSD, .. for A. tenuissima 0.72 0.67

negative for yield and its quality. Overall, both varieties
demonstrate different response to micromycetes coloniza-
tion, which could be important to select variety depending
on specific growing conditions.

For both years, the dominant characteristic was
the prevalence of A. tenuissima. In protection systems pos-
itive results in reducing the overall species number were
noted, although the organic system was less effective than
the chemical one.

The comparison of research years revealed that
the effects of the protection systems on the microbiota var-
ied significantly. In 2022, with the decrease of A. tenuissima
in protection system variant, there was a noticeable increase
of Penicillium spp., especially in the variant with chemical
protection. In 2023, the dominant species was A. tenuissima
as well, but its total number was lower compare with pre-
vious year, with a particularly obvious reduction in organic
system. Increase in the dominant species was observed
in the chemical protection system, which, in turn, reduced
the number of other species, besides F. oxysporum.

Plant shoot growth was suppressed by severe infection
of Penicillium spp. compared to the control. The average
length of severely damaged shoots by Penicillium spp. were
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0.9 cm, whereas, in control samples, it was 2.7 cm. This
indicates that the presence of Penicillium spp. adversely
affected the early growth of winter wheat and delayed its
development. Other species were virtually absent or grow
very slowly because of abundant presence of Penicillium
spp. It may be result of competition between species for
nutrients, and where there is strong dominance, other spe-
cies cannot develop under normal conditions.

Additionally, it should be noted that protection systems
leading to decrease in the total number species, contributes
to the emergence of new pathogen and increase in exist-
ing ones. Such dynamics can be observed in both years,
as protection systems disrupt the balance of microbiota
around plants, diminishing the dominance of certain species
and creating more favorable conditions for the emergence
and propagation of others. This, in turn, fosters the spread
of new pathogens and exacerbates existing ones. In organic
protection system, species such as Curvularia spp. was
revealed in 2022, and Cladosporium spp., Alternaria infecto-
ria — in 2023. With traditional protection technology F. sam-
bucinum was fixed in 2022 and Humicola spp. — in 2023.

F. oxysporum is one of the widespread phytopathogenic
fungi causing diseases of many plant species, including win-
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ter wheat. Its ability to induce seedling blight is particularly
problematic because of great impact on quality and yield
of crops. Calculations were conducted to establish the rela-
tionship between the number of fungal colonies and seed
weight to better understand the influence of F. oxysporum
on this indicator of winter wheat. The Pearson correlation
coefficient was used complete this task, The obtained data
are presented in Table 5.

On the base analysis it was found that most correlation
coefficients exceed 0.5, except for the cases with the use
of organic protection. system in 2022.This result indicates
a moderate/strong positive linear relationship between
the colony number of F. oxysporum and the 1000 seed
weight, suggesting a negative impact of the fungus on
the quality of winter wheat seeds. However, in the variant
of organic protection, a less significant relationship between
the quantity of £ oxysporum and the seed weight was
observed, which may indicate a lesser impact of the fungus
in organic farming system.

The obtained data confirm the importance of controlling
the population of F oxysporum to ensure high quality
and vyield of winter wheat. Further research is needed to
understand the factors influencing this relationship, espe-
cially in organic farming systems.

It is also important to analyze the weather conditions for
better understanding of reasons for increase of F. oxysporum
in winter wheat seeds. During the period of possible seed
contamination — the flowering-heading stage of winter
wheat — favorable weather conditions were observed. Mois-
ture was at optimal level, reaching 64% in 2022 and 67%
in 2023, while the amount of precipitation was sufficient for
fungi development and propagation: to 89.6 mm in 2022
and 110.9 mm in 2023.

Discussion. Today, the development of more effective
strategies for fungal disease protection has become espe-
cially important. The need for new approaches has become
critical, as they can ensure the resilience of winter wheat
and increase its yield.

In the studies of Rozhkova et al. (2021) of 2018-2020 it
was found that the use of fungicides has a significant effect
on the microflora of wheat seeds. This impact was noticea-
ble both in the quantitative indicators of species and genera
of fungi, as well as in the overall composition of microor-
ganisms. Spraying with fungicides affected the mycocom-
plex, reducing the number of dominant Alternaria fungi
compared to biological preparations. Regarding the mass

of 1000 seeds, there was a tendency for increasing it under
influence of fungicides, (except 2018), when the presence
of fungi of the genus Mucor was observed in the seed micro-
flora. (Rozhkova & Spychak, 2021) The data coincide pre-
vious results, except for the 1000 seed weight in the Emil
variety, in protection system.

Studying aqueous extracts of Allium genus revealed
the significant effect on the development of fungal which
were common mycoflora representatives of winter wheat
seeds. The results confirm that treating seeds with aqueous
extracts of A. sativum (10% and 20% solutions) is an effec-
tive method to prevent the development of dangerous
mycoflora species and promote the stimulation of seedling
growth. It is worth noting that the 20% solution completely
inhibits the development of F. poae. (T. Rozhkova, 2020)

Our studies confirm the effectiveness of Allium extract
in a biological system. We observed reduction in the dom-
inant fungus A. tenuissima and other species, including
F. oxysporum and Penicillium spp.

Under traditional cultivation technology, a significant
number of conidia were observed, reaching 2.9 million
units per milliliter. This contributes to the rapid spread
of F. oxysporum in winter wheat agrocenoses and increases
the level of biological contamination. (Beznosko et al. 2023)
Our research also revealed that the use of traditional tech-
nology led to an increase of F. oxysporum.

In study of Rozhkova (2022), it was found that pres-
ence of Fusarium genus negatively affects the germination
and development of winter wheat plants. The presence
of these fungi resulted in a reduction of seedling length, loss
of growth activity, and the formation of necrotic areas. The
roots were also characterized by stunted growth and necro-
sis, which prevented normal plant development. Some spe-
cies, particularly F. poae and F. sporotrichioides, could pro-
gress without visible symptoms, but F. poae had a significant
impact, reducing the average seedling length by 51.3%.
(Rozhkova, 2022)

In our study, the relationship between the number of £,
oxysporum colonies and the 1000 seeds weight was ana-
lyzed. The results showed that there is a moderate to strong
linear correlation between these indicators, confirming
the negative impact of this pathogen on the quality of winter
wheat seeds.

In the study of scientists from Henan University
of Technology and the School of Resources, Environmental
and Chemical Engineering, it is noted that with an increase

Table 5
The impact of F. oxysporum on the 1000 seed weight
. . Correlation coefficient
Variety Variant 2022 year 2023 year

Control 0.73 0.52

Aliot Organic system -0.02 0.65
Chemical system 0.6 -0.74

Control -0.52 0.68

Emil Organic system 0.2 -0.64
Chemical system 0.54 -0.63
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number of mold fungi, including Penicillium spp., and high
level of moisture, the microstructure of the endosperm
and embryo of wheat seeds is disrupted, which in turn leads
to impaired growth and development. (Ruolan, et al. 2020)
The inhibition of other species is also noted in the study
of Prange A. et al. (2005). Their research highlights that for
the 12th week of wheat grain storage, the number of Peni-
cillium spp. colonies increase by 72%, while other colonies
hardly develop. (Prange, et al. 2005)

Data obtained from the research results of various
scientific groups coincide with our conclusions regarding
the impact of Penicillium spp. on wheat shoot growth, which
manifested in its significant retardation.

Conclusions. It was found the 1000 seeds weight
was determined by varietal characteristics more than

the use of protection systems. The seed mycobiota of win-
ter wheat depends on the protection system. The chem-
ical protection system made the most significant impact.
In the case of the dominance of a single species of
A. tenuissima, the application of protection systems leads
to its significant reduction and changes in the composition
of the fungal complex. Significant spread of Penicillium
spp. leads to a significant slowing down of seedling growth
and suppression of other species. In most cases, there
is a moderate or significant correlation between the num-
ber of colonies of the fungus F. oxysporum and the mass
of 1000 seeds of winter wheat, indicating a negative
impact of this fungus on seed fill. The weather conditions
during the study positively affected the development of
F. oxysporum.
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Cnuyak 0. 1., acniipaHm, CymcbKul HauioHanbHUl agpapHull yHisepcumemy, M. Cymu, YkpaiHa

Miko6ioma HaciHHsi o3umoi nweHuyi (Triticum L.) 3anexHo eid 3axodie 3axucmy

Memoto docnidxeHHs1 6yno eusyeHHsT 83aeMO0ii MiKobiomu HaciHHS 03UMOI MWEHUYJ 3 PI3HUMU 3axucHUMU cucme-
MaMmu, 30Kpema XiMiyHUMU ma opaaHiyHumMu, 0515 800CKOHaIeHHs1 mexHosoaili supoulysaHHs nweHuyi o3umoi. Ocobnusy
yeazy npudineHo 8CMaHOBMEHHIO 3a1eXXHOCMeU MiX 8UKOPUCMAaHHAM 3aXUCHUX cucmeM ma 3MiHamu 8 cknadi Mikobiomu
HaCIHHSA, WO 8nnueaoms Ha skicmb | epoxaliHicmp nweHuui. JocnidxeHHs: nposodunocs npomsieom 2022-2023 pokis Ha
dsox copmax o3umoi nweHuui: Aliot ma Emil.

3axucHi 3axodu 30ilicHIO8anuCa Ha Pi3HUX emarnax po3sumky pocnuH. [lepednocieHa o6pobka nposodurnacs 3a
00uH OeHb 00 ciebu, a 0bMPUCKys8aHHsI BUKOHY8aocs Ha emarax pocmy 3a wkanorw BBCH (Biologische Bundesanstalt,
Bundessortenamt und CHemische Industrie): 21-29 (kywinHs), 37-39 (npanopuesuli nucmok), ma 71-77 (Mono4yHa
cmuenicms). Mikpobioma HaciHHsI aHanisyeanacsi 3a 00romMo2ok 6iono2iyHo20 Memody i3 8UKOPUCMAaHHSIM Kapmorsis-
HO-2/10KO3HO20 azapy Orisl BUSIBNEHHS SIK 308HIWHIX, MaK | 6HympiHix iHgbekyid. [ns cmamucmuyHo2o aHanisy 0aHux
epoxaro 3acmocosysascs iHecmpymeHm “AHani3 daHux” e Microsoft Excel, 3okpema memod OucriepciliHo2o aHanisy, wo
00380/1U8 BU3HaYUMU 8/1U8 PI3HUX ¢hakmopie Ha pesyribmamu O0CTIOKEHHS.

Pesynbmamu docnidxeHHs1 nokasanu, ujo maca 1000 HaciHUH 3Ha4YHOK MIPOKO 3arexarna 6i0 copmosux xapakmepuc-
MUK, HiX 8i0 3acmocyeaHHs1 3axucHux cucmem. OOHak 6yno eusierieHo, wo ckad Mikpobiomu HaCiHHSI 03UMOI MweHUUi
3HaYHO 3anexums 8id muny 3axUCHOI cucmeMu, siKa 8UKopucmosyemncs. 3okpema, XiMiyHa cucmema 3axucmy mMana Hau-
6inbwudi ennue Ha cknad Mikpobiomu. byno ecmaHoeneHo, Wo 3a ymos domiHysaHHs1 2puba Alternaria tenuissima 3acmo-
Cy8aHHs1 3aXUCHUX cucmeM rpu3800ums 00 3Ha4YHO20 3MEHWEHHS 020 YucennbHOCMIi ma 3MiH y cknadi epubkogoeo KoMil-
nekcy. BoOHowac, 3HauHe nowupeHHs Penicillium spp. acouitoembcsi 3i 3Ha4HUM yriOBifIbHEHHSIM POCMY CisIHUi8 03UMOT
nweHuui ma rpueHiYeHHsIM iHWux audie epubis.

Takox 6yno eusieneHo, Wo icHye nomipHa abo 3HayHa Kopensyis MiX KirbKicmro KOsloHil epuba Fusarium oxysporum
ma macor 1000 HaciHUuH 03uMoi nweHuy,. Lle ceid4yums npo HezamugHUU 8MIU8 Ub020 epuba Ha HarMOBHEHHS HAaCiHHS,
w0 0cobnuso MocunIeEMBbCs 8 yMosax, fKi Cripusitoms o020 po3sumky, 30kpema nid yac crnpussmaueux no2o0HuUX ymos.
Buxods4u 3 pesynbmamig Q0CiOXeHHs, 8CMaHOBMEHO 8aX/UgICMb KOHMPOo 3a nonynsayiamu F. oxysporum Ons
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3abe3arneyeHHs BUCOKOI SKOCMI ma spoxatHocmi 03umMoi nweHuui. Pesynsmamu niokpecoroms HeobxiOHicms nodarb-
wux 0ocnidxeHb 0 Kpaujo20 po3yMiHHs chakmopie, ki ernnueaoms Ha 83aeMo0i0 MiKpobiomu ma 3axuCHUX cucmem,
0cobnugo 8 KOHMeKcmi opeaHiyHo20 3eMepobemea, sike po32s10aembCs K MepcrnekmueHa anbmepHamuea necmu-
yuoam.

Knrovoei croea: o3uma nweHuys, opaaHiyHa cucmema saxucmy, XiMidHa cucmema 3axucmy, mikobioma, Fusarium
oxysporum.
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