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Solving the issues of environmentalization of agricultural production is an extremely important task in a
scientific and applied sense, namely: providing the population with food, preventing crop losses from harmful
objects, and protecting the environment from excessive chemical loading. Accordingly, an alternative solution
in overcoming the negative consequences of chemicalization of agricultural production and improving the qual-
ity of seed products is the use of environmentally safe plant protection measures. An important component of
technologies for growing various crops is their protection against phytopathogenic microorganisms. After all, in
the agrocenoses of agricultural crops, there is an accumulation of an infectious background of phytopathogenic
micromycetes, among which species of the genera Penicillium, Aspergillus, Alternaria, and Fusarium predominate,
which can cause outbreaks of many plant diseases (root rot, Alternaria, Fusarium, Phytophthora, Anthracnose,
Cercosporosis). Phytotoxic metabolites of necrotrophic phytopathogenic fungi, which are able to accumulate in
soil, seeds and plant residues, deserve special attention. Mycotoxins lead to a decrease in the yield and quality
of grain, as well as the quality of food products, which negatively affects their ecological safety, and can cause
poisoning of humans and animals.

Keywords: microorganisms, phytopathogens, diseases, plant protection, bacteria, saprophytic fungi, agro-
ecosystem.

INTRODUCTION

The use of biological preparations based
on beneficial microorganisms is an important
component of modern agriculture. They serve
as a preventive measure against a number of
fungal diseases of agricultural crops, optimize
plant nutrition, stimulate their development and
contribute to increased productivity. Treatment
of seeds with biological preparations leads to
disinfection of seed material and protection of
young plants from various infections.

Therefore, the goal of the work was to de-
scribe the most useful microorganisms that are part
of biological preparations that effectively affect
the processes of functioning of agroecosystems.

ANALYSIS OF LATEST RESEARCH
AND PUBLICATIONS

The vast majority of researchers suggest
using chemicals of chemical origin to disinfect
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plant seeds and protect them from soil infection
[1]. However, they have a number of significant
drawbacks: the use of high consumption rates of
fungicides, especially of inorganic nature and their
phytotoxic effect, which has negative consequences
for the agroecosystem and the environment; un-
der their influence, new races and strains of
pathogens are formed, which are more virulent
and resistant to the action of fungicides; develop-
ment of resistance of pathogens of crop diseases
[2]. At that time, the components of biological
technologies of plant cultivation have a positive
effect on the rhizosphere, vegetative organs of
plants and seeds, causing the dominance of sapro-
phytic species of micromycetes in agrocenoses.
Therefore, the development of antifungal plant
protection agents is important for understanding
the mechanism of resistance to fungicides and
the biological factors that cause the resistance of
mycelial fungi [2].
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According to scientists Retman S. [3] and
Tkalenko S. [4], the use of biological prepara-
tions is the basis of a strategic ecological and
biological control measure of harmful organisms
in agricultural crops under organic cultivation.
The practical interest in biological preparations
is due not only to their effectiveness, but also
to the fact that they are created on the basis of
microorganisms isolated from natural biocenoses
that do not pollute the environment [5]. The use
of biological preparations prevents the develop-
ment of a number of fungal diseases of agricul-
tural crops, optimizes plant nutrition, stimulates
their development and contributes to increased
productivity [6]. Accordingly, an alternative solu-
tion in overcoming the negative consequences of
chemicalization of agricultural production and
improving the quality of seed products is the use
of environmentally safe plant protection measures
(microbiological control of phytopathogens) [7].

Domaratskyi E. and Dobrovolskyi A. studied
the mechanisms of the influence of biological
preparations on agricultural crops for the pur-
pose of their further use, as mixed preparations
capable of showing synergy during their joint
use [8]. Thus, the combined drugs simultaneously
block both biosynthesis and the realization of the
phytohormonal effect of hybrids and varieties
of agricultural crops. In addition, the intensive
increase in the number of fungicide mixtures
is explained by the fact that the combination of
several active substances belonging to different
classes of biofungicides expands the spectrum of
their effects, improves the protective effect and
prevents the formation of resistant strains, ie,
the possibilities of synergy are fully used [8].

MATERIALS
AND RESEARCH METHODS

An information-analytical method was used
to analyze the database of the State Register of
Pesticides and Agrochemicals approved for use in
Ukraine (Ministry of Environmental Protection
and Natural Resources of Ukraine).

RESULTS
AND THEIR DISCUSSION

During the last decade, the direction of
using plant growth stimulants and fungicides
of biological origin in the technology of growing
agricultural crops began to develop rapidly in
Ukraine [9]. Therefore, the number of drugs of
biological origin that are approved for use in
Ukraine and included in the “List of pesticides
and agrochemicals approved for use in Ukraine”
is increasing every year. So, if in 2014 the number
of biological drugs included in the “List..” was 97
names of biological means of protection, then in

2018 this number increased to 145, and currently
this list contains 153 biological drugs [10].

According to the mechanism of action and
their composition, such drugs are divided into
stimulators of growth processes, biological prepa-
rations, microfertilizers (chelates) and complex
multifunctional substances [11]. The composition
of a number of biofungicides includes biologically
active substances from plant sprouts — a balanced
set of starting doses of the main micro- and
macroelements, flavonoid substances and active
fractions of coniferous extract. As a rule, they are
used to treat the seeds of agricultural crops before
sowing. Under these circumstances, there is an
active process of formation and development of
plant crops from seedlings to harvesting, anticipa-
tory growth of plants and activity of the tillering
process. Their use helps to increase the biologi-
cal activity of the soil. Currently, fertilizer sys-
tems have been developed for the latest farming
systems, in particular for organic farming using
microbial preparations, and fermentation com-
plexes for the production of these preparations
have been created [12].

One of the promising and modern direc-
tions in the use of drugs of biological origin is
the creation of complex (combined) drugs that
combine in their formulation plant stimulators and
restregulators, trace elements and anti-stressors,
complexes of free amino acids, as well as antago-
nistic fungi and products of their metabolism. The
use of combined re-regulating drugs is part of the
system of mandatory agrotechnical methods for
growing agricultural crops and caring for crops
and does not require additional costs. Therefore,
their use contributes not only to an increase in
the gross production of plant products, but also
to a decrease in its cost price, which is important
under market conditions [11].

The use of biofungicides is primarily aimed
at controlling plant diseases and reducing their
harmful effects. Seed treatment leads to disin-
fection of seed material and protection of young
plants from various infections [2].

Top arguments for ecological cultivation are
highlighted: protection of soil resources (activa-
tion of humus formation processes, increase of
biomass volume, stimulation of the activity of
soil biota, reduction of soil erosion), protection of
water resources (reduction of nitrates entering
soil and surface water, protection of biodiversity
of agricultural animal species and plants) [6].

One of the key tasks of modern agriculture
is obtaining high yields of agricultural crops with
better quality. However, even now, the use of
chemical plant protection agents to combat various
diseases is an integral part of the intensive cul-
tivation technology. It is known that with long-
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term systematic use of any drug, its effectiveness
begins to decrease due to the development of
resistance to the main pathogens of plant diseases,
which leads to an increase in the range of these
drugs [2].

But the current state of the ecosystem re-
quires the latest technologies to protect plants
from diseases based on environmentally safe
methods. The use of biological fungicides is op-
timal in solving this issue [12]. Thus, the effect
of biological preparations is based on the regula-
tion of biotic relationships in agrocenosis, which
makes it possible to solve the issue of ensuring
balanced nutrition of plants, their resistance to
phytopathogenic micromycetes, the formation of
competitive relationships with indigenous micro-
organisms and the induction of natural systemic
resistance [2].

Microbial preparations based on strains from
various physiological groups of microorganisms
are widely used to protect plants from diseases.
It has been established that phylogenetically diffe-
rent microorganisms can be antagonists of phyto-
pathogens [13]. Antagonist microorganisms are
used to improve the soil and protect plants from
harmful microflora. The growth and develop-
ment of phytopathogenic microorganisms can be
restrained by treating seeds before sowing with a
biological preparation based on antagonistic micro-
organisms. The biological method of plant pro-
tection includes three main groups of measures:
preservation and enrichment of natural popula-
tions of entomophages and microorganisms use-
ful for plant protection in agrocenoses; releasing
entomophages bred in laboratory conditions into
the fields; use of pathogenic organisms and pro-
ducts of their vital activity. Each of the measures
of the biological method has its own specificity and
shows its effectiveness under certain conditions.
Biological control of plant pathogens is based on
the use of such relationships between organisms
as antagonism, competition, and hyperparasi-
tism. Mushrooms have gained the widest practi-
cal use among antagonists. The main studies in
the field of microbial allelopathy were conducted
with micromycetes and bacteria. On the basis
of fungi of the genera: Candida, Ampelomyces,
Trichoderma, Coniothyrium and bacteria of the
genera: Agrobacterium, Bacillus, Pseudomonas,
Streptomyces, commercial biological preparations
have been created to protect agricultural crops
from pathogens [14].

One of the promising microbial agents for
protecting plants from phytopathogens is bacte-
ria of the genus Pseudomonas [14]. Fluorescent
pseudomonads are able to suppress the develop-
ment of fungi of the genus Fusarium (the causa-
tive agent of plant wilt). It was shown that the
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bacteria Pseudomonas aureofaciens and P. putida
were characterized by high antagonistic activity
against the causative agents of septoriosis and
fusarium head of wheat. In the scientific works
of V. Kuptsova, to protect leguminous crops from
phytopathogenic micromycetes, it is recommended
to use the bacterium P. aurantiaca S-1, which ac-
tively suppresses the growth of phytopathogens —
the causative agents of soybean and lupine
anthracnose (Colletotrichum lupini); fusarium
(Fusarium sp.); gray rot (Botrytis cinerea); bacte-
rial spotting (Pseudomonas syringae). The con-
ducted studies showed the phytoprotective effect
of this strain against anthracnose and fusarium
of lupine (90-100%), gray rot (60%), soybean bac-
teriosis (63%) [14].

Scientists investigated the effectiveness of
the Bacillus subtilis 26D strain, which reduced
the spread of root rot by 1.8 times, the develop-
ment of the disease by 4.7 times, and contribu-
ted to an increase in the above-ground mass of
plants by 55.59% [15]. Bacillus subtilis bacteria
are effective against phytopathogens belonging
to the genera Fusarium, Rhizoctonia, Botrytis,
Pythium, Verticillium, Phytophtora, Ascohyta.
The antagonistic effect of bacteria of the genus
Bacillus on phytopathogenic fungi is due to the
ability of bacilli to produce various antibiotics:
bacillisin, mycobacillin, polymyxin, surfactin,
lichenisin, mycosubtilin, iturin, etc. These sub-
stances can disrupt the structure of the cell wall
and cause other membranotropic effects that
harm phytopathogenic micromycetes. However,
despite the effectiveness of using antagonistic
substances in agroecosystems to protect plants
from phytopathogenic micromycetes, their use can
be problematic. This is due to the ability of these
substances to induce resistance of phytopathogens
to these compounds, as well as the possibility
of their negative impact on the quality of food
products and human health [16].

It has been established that biological control
of phytopathogens in agroecosystems occurs un-
der the influence of certain types of micromycetes.
Thus, saprophytic fungi of the genus Trichoderma,
which affect phytopathogenic micromycetes found
in the rhizosphere of plants, produce hydrolytic
enzymes and antibiotics [17]. These fungi can para-
sitize a number of phytopathogens. Fungi of the
genus Trichoderma can cause various effects on
plants: stimulate growth, induce their resistance
to phytopathogens, compete for nutrient sub-
strates, and also be parasites of phytopathogenic
fungi. Some strains of micromycetes of the genus
Trichoderma became the basis for the production
of commercial drugs. Micromycetes of the genus
Verticillium Nees show hyperparasitic activity in
relation to the phytopathogen Rhizoctonia solani.
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Gliocladium catenulatum fungi are hyperparasites
of phytopathogens of the genera Sclerotinia and
Fusarium. During the contact of these fungi, hy-
phae of the hyperparasite disintegrate the walls
of the phytopathogen. The species Stachybotrys
elegans, Penicillium, Ampelomyces, Fusarium
are also capable of suppressing phytopathogenic
fungi and mycoparasitism. Thus, the functioning
of phytopathogen antagonist microorganisms in
the soil is an important factor in preventing the
spread of diseases of agricultural crops [17].

Another direction in modern agroecology is
the development of environmentally safe ways
to increase the productivity of cultivated plants
and protect them from the influence of adverse
environmental factors, namely the use of the
potential of endophytic bacteria. They can in-
crease the immunological status and participate
in the protection of plants from diseases caused
by phytopathogens, from the harmful effects of
heavy metals and radionuclides, and help plants
adapt to adverse environmental conditions, as
well as improve plant growth and development
by supplying them with nutrients [18].

There are at least 220 species of endophytic
bacteria belonging to 71 genera [18]. They are
found both in the root and in the aerial parts of
plants (flowers, seeds). Scientists have researched
that the processes that take place inside plants
are directly related to such processes in the life
of plants as phytoimmunity, regulation of growth
and development, and adaptation to changing
living conditions [20]. For example, leguminous
plants are distinguished by the fact that both
rhizobial and endophytic microorganisms play a
role in their physiological state, which support

their adaptive capabilities. [19]. Endophytic bac-
teria are able to protect plants from diseases, fix
nitrogen, synthesize and catabolize plant growth
regulators, and have antagonistic activity against
nematodes. Endophytic bacteria in a relationship
with leguminous plants, thanks to the process of
symbiotic nitrogen fixation, make a significant
contribution to maintaining the nitrogen balance
in agrocenoses. Not only nodule-forming, but
also various endophytic bacteria typical for the
rhizosphere can inhabit nodules [20].

Biologically active metabolites are synthe-
sized by endophytic bacteria, which are charac-
terized by an antimicrobial effect on phytopatho-
gens or are inducers of systemic plant resistance,
thereby preventing the development of their
diseases [21]. Therefore, today’s urgent issues
are conducting research on the study of evolu-
tionary, genetic and physiological aspects of the
interaction of endomycorrhizal fungi and legume-
rhizobial symbiosis, physiological mechanisms of
the interaction of pathogenetic and endophytic
systems. And the use of endophytic bacteria for
the production of biological preparations aimed
at increasing the resistance and productivity of
plants is one of the factors of increasing biosecu-
rity in agroceroses.

CONCLUSION

An important component of crop cultiva-
tion technologies is their protection from phyto-
pathogenic micromycetes using environmentally
safe plant protection measures, namely beneficial
microorganisms included in biological prepara-
tions, the use of which will effectively affect the
functioning of agroecosystems.
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Haod3euuaiiHo 8axcaAu80r0 8 HAYyKO80-NPUKAAOHOMY HANPAMI € Np0o6./1ema exo.102i3auii ci/ibcbkozocnodap-
CbK020 8UPOOHUYMEBA, OCHOBHUM 3A80AHHAM AKOI € 3a06e3ne1eHH s Hace/1eHH NPOJYKMamMu XapuwyeaHHs, 3a-
no6izaHHa 8Mpamam 8poxcaro 8i0 WKidAU8UX 06’eKmMig, 3axXUCmM HA8KOAUWHBbO20 cepedosulia 8i0 HaOMIPHO20
XIMIYHO020 HABAHMAJCEHHS. BiON08iOHO, A/1bMepHAMU8HUM PIUEHHAM Y NOOOAAHHI He2amugHUX HACAI0Ki8
XIMI3ayil Ci/lbCbK020CN00apcbkKo20 8UPOOHULMEBA Ma NOKPAW,eHHI SIKOCMI HACIHHUYbKOL npodyKuii € 3acmo-
CYBAHHS eK0/102THHO 6e3neHHUX 3axodi8 3axucny pocAuH. Baxcaugorw ckaado8or mexHo1021i 8UPOULYBAHHS
PI3HUX Ci/CbKO20CNOAAPCHKUX KYAbMYP € 3axucm gid fimonamozeHHUX MIKpOOp2aHizmie. Adice 8 azpo-
ueHo3ax coi 8i0bysaemvcst HaKONUUeHHS iHPekUiliHo2o hoHy himonamoeeHHUX MIKpoMiyemis, ceped aKUX
nepesasicaroms guou podis Penicillium, Aspergillus, Alternaria, Fusarium, aKi MoXymbs CNpUHUHAMU CNAAaxu
6azambox Xxe0po6 pocAuH (KopeHesl 2HUL, a/lbmepHapios, ysapios, fimoPmopos, aHMpaxKHo3, UepKOCNopo3).
Oco6.1ugoi ysazu 3acay208yroms imomoKcu4Hi memaboaimu Hekpompog@Hux gimonamozeHHUX epubis, aKi
30amHi Hakonu{ysamucs 8 TpyHmi, HaciHHi ma poCAUHHUX peumkax. Addce MIKOMOKCUHU NPpU38005imsb 00
SHUJMCEHHS 8POACATIHOCMI Ma AKOCMI 3epHA, A MAKO}C AKOCMI Xap1uosux npodyKmis, Wo He2amueHo 8nauUeae
Ha iX exoa02iUHY 6e3neKy, a ye Modice CNPUUUHUMU OMPYEHHS A100ell i m8apuH. 3acmocy8aHHa 6iogyHeiuudis
cnpsimogaHe Ha 60pomuby 3 X80pobamMu ma 3MeHUWEeHH IX WKidaueoi dii. [Ipompyro8aHH HACIHHA NPU3BO0UMb
00 3He3apadiceHH s HACIHHEBO20 Mamepiay U 3aXucnmy Mo00UX pOCAUH 810 pi3HUX iH@PeKuill. Tomy akmyaib-
HUM € 8UKOPUCMAHHS KOPUCHUX MIKPOOP2aHi3MIi8, W0 8x00amb 00 ck.ady 6ionpenapamis, Ki efeKmugHo
8NAUBAIOMb HA NPOUeCcU PYHKUIOHYBAHHSA A2POEKOCUCTNEM.

Karouoei caoga: Mikpoop2aHizmu, fimonamozeHu, xeopobu, 3axucm pocauH, bakmepii, canpo@imHi
epubu, azpoexocucmema.
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—— HoBHHH

Ha 0JleCbKOMY y30epesKoKi CIIocTepiraeTbes OIPICHEHHA MOPSA Ta BEeJIMKE 3aBUIIIEHHA
IIOKa3HMKIB 110 BMicTy 3aJiza. Hepes Tepakt Ha Kaxoscwkit 'EC criocTepiraerbes
3HauHe 3a0pynHeHHA y30epeskska HopHoro mopda B Opeci. Ak moBinomuia Jlep:xaBHa
ekoJioriu"a iHcrieknia IliBnenno-3axigHoro okpyry, 10 yepBHA paxiBUAMM iHCIIEKITi
Bimibpani mpodbm mopcebkoi Boau B Oneci y Hogint Jodiuisiii (mpuyan 243), Ha TIAKI
«JlaHsxkepon» Ta Ha 16 cT. Besmukoro PonTany. «3a pesdysnbpraTaMu JabopaTOPHUX O-
cJaimKeHb BUABJIEHO nepeBuineHHA. Hosa [odiriBka B 1,6 pasa mepeBUINIEHO BMICT
3aBIMCJIMX PEYOBMH Ta 3araJibHOro 3aJjiza — B 9 pasiB. Ha «JlanykepoHi» 3aJizo 3a-
BUIIIEHO B 9,2 pasa, Ha Bennkomy PoHTaHI — B 3,4 pasa, a 3aBUCINUX PEYOBUHU — B
1,1 pasa», — pPO3MOBiIM B iHCHEKITil.
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