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ABSTRACT

The constant use of pesticides and mineral fertilizers, which destroy biological diversity in the soil, reduce the
humus content and lead to a decrease in the yield of plants (corn, soybeans, rice, wheat) with the most
valuable consumer properties and high susceptibility to diseases.

The effectiveness of the best resistance-inducing drugs reaches only 60-80% of the effectiveness of biocidal
drugs. But they are not toxic, do not have a detrimental effect on the ecological system, are safe for humans
(they do not have residual amounts of toxic chemicals in the product), increase immunity to pathogens, and
increase resistance to drought, cold, temperature changes, and pests.

Only the successful provision of the world's population with a quality product depends on the development of
organic farming, which involves the use of only natural means to combat plant pests. Therefore, the main
focus of our work was on testing a plant resistance inducer of an aqueous extract of the glucan-melanin
complex (GMC) of the cell wall of the basidiomycete fungus Fomes fomentarius called mikosan, which
exhibits powerful antioxidant, antibacterial, fungicidal, and antiviral activities. It is GMC that induces plant
resistance to diseases by enhancing the synthesis of enzymes to resist infection and switching some metabolic
reactions from the biosynthesis of constitutive metabolic compounds to the synthesis of phytoalexins and other
antipathogenic substances.

Mikosan underwent a full program of laboratory, small-scale, field industrial tests on many agricultural
crops in different climatic zones of Ukraine, as well as toxicological studies, starting in 1998. It belongs to the

fourth, lowest category of toxicity registered in Ukraine at the beginning of 2002.
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INTRODUCTION

The constant use of pesticides and mineral fertilizers destroys biological diversity in the soil, reduces humus
content, leads to annual losses of 10-15 million hectares of agricultural land, and the yield of corn, soybeans,
rice, and wheat has already decreased [1]. Phytopathology - the science of plant disease-causing agents
(phytopathogens) has accumulated high achievements in mycology, microbiology, virology, genetics, molecular
biology, physiology, and other disciplines. But today, even in highly developed countries, the biocidal method
prevails by 90-95%. It kills or greatly weakens the plant pathogen, and the yield efficiency cannot be considered
satisfactory.

In artificial agrocenoses, pathopathogenic organisms receive ample opportunities for more intensive
development [2] and reports of new pests are becoming more frequent [3]. According to the forecast [4, 5], the
vast majority of the world's most powerful crop-producing countries will be oversaturated with pathogens and
pests by the middle of the 21st century. There is hope that preventive measures (strategy of integrated plant
protection and biosecurity measures) can slow down or stop the process of global expansion of pests and
pathogens, especially in developing countries [6].

The successful provision of the world's population with quality food depends on the development of organic
farming. It does not aim to return to the level of productivity of a century ago and involves the rejection of:

1) chemical plant protection products against pests and diseases,

2) herbicides, mineral fertilizers and other chemicals that are toxic or have a long decomposition period in the
environment,

3) GMOs, synthetic growth stimulants, inoculants.

The created biological products are prophylactic agents, they are used before sowing or at the initial stages of
disease development. The source of their creation is special strains of bacteria, microscopic fungi or viruses, a
variety of secondary metabolites of microorganisms, as well as fungi or plants [7].

A large and diverse group of higher basidiomycetes has practically disappeared from the field of view of
researchers, although the bactericidal and fungicidal properties of many representatives of these fungi have long
been well known [8, 9].

The authors worked on enhancing the ability of plants to resist pathogens through systemic acquired resistance.
It is realized by glucans and melanins from the basidial fungus Fomes fomentarius. And these compounds that
reliably protect plants from infections.

INDUCED DISEASE RESISTANCE OF PLANTS

The plant cell wall, wax coating of the cuticle, hairs, a developed system of receptors form structural elements.
After overcoming them, the pathogenic microorganism is resisted by intracellular systems of perception of
danger signals and molecular mechanisms of resistance [10 -13]. This cell wall can change dynamically in the
process of interaction with the pathogen, depending on the type of pathogen, a bacterium, virus, fungus,
oomyecete, or nematode, as well as depending on the behavior of parasites (necrotrophs or biotrophs) [14, 15]. It
is known that a biotrophic fungal pathogen keeps the host alive and suppresses signaling pathways leading to
tissue necrosis. Necrotrophic fungal pathogens secrete toxins and activate signaling pathways to cause tissue
necrosis [16, 17].

Substances that induce protective reactions in plants are called elicitors. They appear in pathosystems from the
first stages of interaction between the pathogen and the plant as a result of mutual enzymatic influence. Damage
to tissues causes depolarization of cell membranes, movement of calcium and hydrogen ions into the cytosol,
formation of reactive oxygen species, phosphorylation of receptor proteins. ATP and mini-RNA molecules can
also act as danger signals [18, 19]. Elicitors, as signal molecules of the first contact of a plant with a pathogenic
microorganism, warn the plant about an attack and activate phenolic metabolism [13, 20]. They stimulate the
synthesis of phytoalexins; increase the sensitivity of plants to external influences and increase the sensitivity of
phytopathogens and parasites to plant protection agents. All the listed elicitors are able to interact with receptor
transmembrane proteins PRRs (pattern recognition receptors). The signal about external danger is transmitted
through it along molecular chains inside the cell and causes the development of an immune response in plants
[21 - 24]. And the elicitor ability is inherent in the molecules of many oligo- and polysaccharides -  glucans,
oligomers of chitin and chitosan, oligogalacturonides, alginates, fucans, carrageenans, ulvans, etc. [25]. B-
glucans are the most numerous and diverse group of polysaccharides. p-1,4 glucans are cellulose and its
oligomers. 3-1.3; -1,6 and a-1,3 glucans are the main components of the cell wall of fungi and algae. Their
oligomers with a degree of polymerization up to 30 exhibit elicitor properties and can participate in signal
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transmission chains from receptor proteins. Molecules of oligomers of B-glucans and chitin show the ability to
induce the expression of protective genes and increase resistance in most studied plants [26] and are considered
one of the strongest elicitors [12, 27 - 30].

Activation of the oxidative burst (peroxidase and NADPH oxidase) is an important block in the further
development of the defense response. The rapid formation of reactive oxygen species is a weapon of direct plant
action against the pathogen, as well as in the induction at the gene level of special resistance proteins.

Today, melanins play the most powerful role in controlling the balance between oxidation and antioxidant
protection [31]. Glucans have a plant immunization function and a direct protective effect due to the formation
of a selective film on the surface of plant tissues [10].

The effectiveness of the best resistance-inducing drugs reaches only 60-80% of the effectiveness of biocidal
drugs. An important advantage of inducers over chemopreparations is the absence of toxicity and harmful
effects on the ecological system. They are safe for humans, increase the immunity of plants not only to
pathogens, but also increase endurance to drought, cold, temperature changes, to animal pests [32].

FOMES FOMENTARIUS AS APOTENTIAL OF INDUCERS DRUGS

Fomes fomentarius (L.:Fr.) Fr. (Basidiomycota, Polyporales) (F. fomentarius) (Fig. 1) satisfies to the greatest
extent all technical and economic criteria and contains a chitin-glucan-melanin complex, in which 70% is chitin,
20% is beta-glucans (B-1,3 and B-1,6-glucans) and 10% are occupied by melanin pigments.

This fungus is widespread in the Northern Hemisphere and is found mainly as a saprotroph on dead or dying
hardwood: birch, poplar, beech, aspen, ash, linden, oak, willow, etc. Causes white rot of wood. The fruit bodies
of this mushroom are perennial and can be collected throughout the year.

Fig.1. F. fomentarius has a characteristic hoof-like shape.
The sizes on average range from 5 to 30 cm in diameter, and
the thickness is 5 to 10 cm. Sometimes specimens of much
larger sizes are found

There is a surface with concentric grooves, uneven, bare or
very finely pubescent, covered with a hard crust of milky
white, light gray, gray, brown to almost black color on the
upper side

The surface is usually flat, smooth, its color is light gray,
gray or leathery yellow on the underside.

The characteristic features of this mushroom are the presence of a tinder-like fibrous mass in the middle and
attachment to the wood only in a small area of the central part of the hat by the core. Fruiting bodies are
relatively easy to break off from tree trunks due to the soft consistency of the core. In this way, F.fomentarius is
quite different from its outwardly similar mushrooms - false tinder (Phellinus igniarius) and flat tinder
(Ganoderma applanatum). This mushroom has been known in folk medicine since prehistoric times. The culture
filtrate after growing the mushroom showed high activity against the tobacco mosaic virus [33]. Aqueous
extracts from fruit bodies have strong antibacterial, fungicidal and antiviral properties [34]. And alcoholic
extracts showed powerful bactericidal properties against a number of pathogenic bacteria [35].

Our work on creating a plant resistance inducer was based on understanding the importance of using B-glucans
and cell wall melanins of F. fomentarius [36]:

1) glucans make up the outer layers of the cell wall of fungi, and they are the first to come into contact with the
cell wall of the host plant;

2) melanins to increase the resistance of plants actively regenerate oxygen, increase the oxidative explosion in
the cell and affect the internal environment of plants in an unfavorable direction for the pathogen, and also have
a fungicidal effect and strengthen the cell wall [37, 38].
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The elicitor properties of glucans have been known for a long time [13, 27]. They are able to include resistance
genes and lead to increased synthesis of glucanases and other phytoalexins. Our research was directed to the
search for biologically active glucans and other biologically active compounds in higher basidial fungi, which
has been studied to the smallest extent [10, 11].

Melanins are a separate class of biological polymers that are common among all types of organisms, except for
viruses. Melanin is a pigment that gives color to human skin, hair and eyes. Important consequences that
determine the properties of melanins and the increased interest in these materials by physicists and material
scientists:

1) melanins - polylinked polymers related to organic metals and semiconductors; they are able to demonstrate
electrical conductivity at the level of metals under certain conditions;

2) melanins are excellent matrices for stabilizing unpaired electrons (radicals); the concentration of radicals in
melanins under physiological conditions can reach colossal values — about 10™-10" units per gram of
substance, these values are impossible for any other biological materials; this, on the one hand, relates melanins
to artificial organic magnetic materials, and on the other hand, makes them important natural antioxidants;

3) melanins effectively absorb dangerous short-wave photons that can irreversibly damage complex biological
molecules and convert them into relatively safe thermal radiation.

In our experiments, the ability of the water-soluble melanin-glucan complex from F.fomentarius (MGC) to
reduce the time of plant emergence and increase the number of plants that emerge after treating grain with it for
5 to 10 minutes was shown (Fig. 2). Under these conditions, the number of sprouted wheat plants increased by
16%.

Fig. 2. The number of wheat stalks longer than 10 cm and less
than 4 cm on the 15th day after planting
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The study of the rate of flowering of flax flowers under the influence of MGC testified to an increase in the
number of plants that bloomed after the treatment of MGC seeds (Fig. 3).

Fig. 3. Intensity of flax flowering from the 6-th to the 26-th day
after sowing
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Similar convincing data have been obtained on the beneficial effects of bacterial melanin on the Manet
cucumber crop. The length of the stem and the length of the rhizome, the fruitiness of the plant, the growth and
development of the aerial part of the plant increased, the formation of generative organs accelerated, and the
yield of the treated plants increased [39]. Melanin can exhibit both antioxidant and pro-oxidant effects
depending on the nature of the initiating factors and its concentration in the reaction medium [40].
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These and other studied parameters strongly indicate that the soluble components of the cell wall - low
molecular weight glucans and melanins - have a direct antibacterial, antiviral and fungicidal effect. They retain
their properties both in in vitro and in vivo systems [41]. To protect plants from pathogenic microflora, the
inducer of plant resistance biofungicide mikosan was created. It is a complex of 1,6-beta-glucan and oligomers
of 1,3-beta-glucan, oligochitin, melanin, oligochitosan and it exists in two modifications: mikosan-N for pre-
sowing seed treatment and mikosan-B for plant treatment during the growing season.Both modifications of
mikosan carry out biological protection against fungal, bacterial and viral diseases, suppressing pathogens of
root and stem rots, gray and white rots, powdery mildew; phytophthora, macrosporosis, snow mold,
clusterosporosis, helminthosporosis, alternariosis, cercosporosis, spotting, rhizoctoniosis, scab, oidium, mildew,
ascochitosis, anthracnose, septorosis, etc. The use of mikosan increases the germination and energy of seed
germination. This unique biological agent stimulates the growth and development of the plant, increases
resistance to extreme weather conditions, improves the phytosanitary condition of the soil and the activity of soil
microorganisms. mikosan-N is used for watering shrubs, trees, and seedlings. The advantages of mikosan-B are
that it works throughout the growing season, is effectively used during the fruiting period, strengthens plant
immunity and stimulates their growth, improves mineral and water nutrition of plants. It is intended for the
cultivation of gardens, berry orchards, vineyards, vegetable gardens, vegetable, grain and ornamental low-
growing crops, fruit and berry and ornamental crops, as well as for the protection of indoor plants from
pathogens of various kinds of diseases. These biological preparations belong to the fourth, the lowest category
of toxicity, are environmentally safe, do not require special protective equipment and do not disturb the
microbiological cenoses of the soil [42].

The ability to manage microbiological processes not only in plants, but also in the soil where they develop is of
great importance to increase productivity and improve the quality of agricultural products. Nitrogen (nitrogen) is
part of many natural organic compounds vital for plants: protein substances, lipoids, chlorophyll, alkaloids,
phosphatides, nucleoproteins, various enzymes. Increasing the level of nitrogen nutrition increases the
assimilation of other elements by plants: P, K, Ca, Mg, S, Cu, Fe, Mn, Zn and stimulates their growth, the
formation of strong stems and bright green leaves, and improves their productivity. On soils poor in available
nitrogen, plants develop poorly.

An important link in the nitrogen cycle is the ability of some bacteria to fix it from the atmosphere, thanks to the
enzyme nitrogenase. With its help, they are able to fix molecular nitrogen and transform it into compounds that
can be assimilated by other organisms - plants, animals, etc. Therefore, the nitrogenase activity of the soil can be
considered as an indicator of the state of the soil, which depends on the nitrogen-fixing microflora and clearly
responds to the use of pesticides. The mass of grain from soybean plants was higher by 1.7 g, the weight of 1000
grains by 10.2 g, the yield was higher by 3.6 c/ha in the areas where mikosan was applied. A symbiotic system
with high nitrogen fixation activity is formed in this way. Given these circumstances, we investigated the effect
of toxic doses of pesticides, namely fundazol, vitavax 200 FF (hereinafter vitavax), roundup and dialen, as well
as the possible effect of the biofungicide mikosanTM on the nitrogen-fixing and nitrogenase activity of the soil.

It was established that the nitrogenase activity of the microbial community of the soil under the influence of the
studied pesticides decreased compared to the control variant. The greatest decrease in the activity of the
nitrogenase complex (by 62%) was observed with the use of dialne. The nitrogen-fixing capacity of the
microbial group under the influence of vitavax and roundup was 36% and 42% lower, respectively, compared to
the control. It practically did not differ from this indicator under the action of fundazol (20% decrease). The
effect of the biofungicide Mikosan was insignificant, the nitrogenase activity of which was 18.0-18.2 uM in 100
g of soil per hour, which is 20-21% lower than the control.

Fig. 4. The effect of plant protection products on nitrogen-fixing
and nitrification activity of soil
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Note. The content of nitrates in sterile soil before the experiment was 21.0 ug/100 g of soil
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Studies have shown that the action of the chemical fungicide Vitavax was the most harmful: actual nitrification
activity was reduced by 2.6 times, compared to the control. actual nitrification activity decreased by 2 times as
a result of treatment of microbial coenosis with roundup and dialen. Treatment of the microbial community with
the Roundup herbicide caused a 3-fold decrease in the potential activity of nitrification, and with other
pesticides, it decreased by a factor of 2 (Fig. 4). Thus, the changes occurring in the microbial community of the
soil under the influence of the studied pesticides negatively affected the activity of binding atmospheric
nitrogen.

An indicator of the after-effect of pesticides on the ecologically important functions of soil microbial groups is
the intensity of their decomposition of cellulose, which enters the soil as part of detritus. The conducted studies
showed that the intensity of cellulose decomposition by soil microorganisms under the influence of mikosan
changed insignificantly. At the same time, the cellulolytic capacity of microbial communities treated with
vitavax, roundup, dialen, as well as the systemic fungicide fundazol decreased by 2,5-3,4 times.

The use of pesticides leads to suppression of the biological activity of soils and prevents the natural recovery of
fertility, causes a loss of nutritional value and taste qualities of agricultural products, reduces the yield of many
crops due to the death of pollinating insects. As a rule, a person spends a much larger amount of pesticides than
is necessary to destroy the pest due to a mistaken understanding of the reliability of soil treatment. Therefore,
pesticide residues accumulate and bioconcentrate in trophic chains; residual quantities of pesticides are removed
to the borders of the cultivated area; pesticide-resistant forms of harmful organisms appear; some useful
organisms die and there are deep violations of relationships in biocenoses; the probability of remote
consequences associated with the pathological and genetic effect of a number of drugs on the biota increases.

Wheat is the main food product in 43 countries of the world and occupies one of the first places among the grain
group of crops in terms of sown areas and gross harvests of high-quality grain in world agriculture. The
potential opportunities for increasing the yield of winter and spring wheat are limited by soil and climatic
conditions, favorable for the development of pathogens, of which more than 50 species have been described
[43]. Therefore, the largest studies on the use of mikosan for seed treatment were conducted on wheat. Seeds
were treated when seedlings appeared on day 14 and after the start of spring regrowth (day 61) (Fig.5).

Fig. 5. Effectiveness of winter wheat seed treatment with mikosan and reference pesticides
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During the growing season of winter wheat, the biofungicide mikosan did not show any phytotoxic effect, at the
same time the phytosanitary conditions of the plants improved and the proportion of diseased plants was the
smallest - from 7.2% to 2.4% (Fig. 5). The number of plants affected by root rot, under the influence of
pesticides, on the 14th day after sowing was about a third (30.6 - 35.0%) compared to the control and did not
decrease on the 61st day of development (was 37.3% and up to 47%), and the development of the disease in
comparison with control values decreased to 10.7-9.8% (14 days) and to 4.5-3.5% (61 days) on pesticides and to
7.2% and 2.4% on mikosan in the same terms. Treatment of spring wheat seeds with the biopreparation mikosan
had a positive effect on plant productivity. Compared to the control, the length of the plants increased by 10-11
cm, the root by 0.5 cm, and the spike length by 0.8 cm. The number of grains in the ear was greater than in the
control by an average of 7.7 pieces (Fig. 6). The mass of grains increased by 3.4% when treated with mikosan
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Fig. 6. The influence of winter wheat seed processing on sowing qualities and biometric indicators
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and by 1.6% when treated with vitavax. At the same time, the productivity of spring wheat increased by 22.2%
and 8.4%, respectively, under the conditions of application of mikosan and vitavax (Fig.7).

Fig. 5. Biological and economic effectiveness of biological
preparations in the treatment of spring wheat seeds
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Plant protection through induced immunity requires them to constantly maintain a high level of resistance [46].
Productivity decreases in plants when resistance to the pathogen is induced and biometric indicators deteriorate
due to high costs of protection against it [47]. However, in our experiments with mikosan on many types of
plants, there was no decrease in productivity. Positive results of comparative tests of the biological product
mikosan and reference pesticides were obtained on seeds of various plants: cereal and cereal crops (winter and
spring wheat, rye, barley, corn, oats, buckwheat, millet); legumes (peas, soybeans, lupine, vetch); technical
(sugar beets, sunflower, tobacco, hops); vegetables (tomato, cucumber, lettuce, onion, garlic, parsley, dill,
carrot, pepper, celery, sorrel and spinach); potatoes; fruit seeds (apple, pear, quince); stone fruit (cherry, cherry,
apricot, peach); berries (currants, raspberries, gooseberries, strawberries); grapes; decorative (roses, carnations,
phloxes, tulips, dahlias, chamomile, lily, etc.); medicinal and lawn herbs. Plants in general were better than in
the control and when using reference biocidal preparations. Therefore, ideas about large additional costs for
protection are not well-founded.

Conclusions

The drugs, obtained from the basidiomycete fungus Fomes fomentarius, are actually the first group of drugs
that satisfies all three main criteria for plant protection: effectiveness, cost-effectiveness, environmental safety,
and harmlessness to humans. In terms of effectiveness, mikosan is not inferior to modern biocidal preparations
of the world's leading companies, and in some indicators it even exceeds them. Mikosan is not expensive to
produce and is offered at lower prices than other modern chemical preparations. Extensive tests of the biological
preparation mikosan showed that it is non-toxic and safe in all respects, has a protective effect on almost all
cultivated plants.
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