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Goal. To investigate the antagonistic activity of a new strain of Trichoderma viride F-100076
and its effect on the formation of micromycetes populations in the root zone of corn plants under
field conditions. Methods. The antagonistic activity of T. viride F-100076 was studied by the meth-
od of mixed (counter) cultures on wort agar using phytopathogenic fungi, which were isolated and
identified in the Laboratory of Plant-Microbial Interactions. The appearance and type of relation-
ship were registered using a scale modified by Symonian and Mamikonian. The number of micromy-
cetes was determined by the method of soil dilutions. Isolation, accounting and cultivation of fungi
was carried out according to conventional methods. Micromycetes were identified according to the
determinants appropriate for a specific systematic group of micromycetes. Results. It was found
that T. viride IMB F-100076 is characterized by high antagonistic activity against a wide range of
phytopathogenic fungi, showing hyperparasitism as early as on the eighth day. The highest antago-
nistic activity of the strain was found against: Alternaria radicina, Acremonium strictum, Acremo-
nium cucurbitacearum, Fusarium oxysporum var. orthoceras, Fusarium moniliforme var. lactis, To-
rula expansa (5 points on the corresponding Symonian and Mamikonian scale). Data from the my-
cological analysis of the sod-podzolic soil of the corn rhizosphere showed that the mycocenosis of
the sod-podzolic soil of the corn rhizosphere was formed by micromycetes belonging to the genera
Acremonium Link, Cladosporium Corda, Fusarium Link:Fr, Gliocladium Corda, Mucor Mich, Pen-
icillium Link:Fr, Rhizopus Ehrenb, Trichoderma Hers, among which the most represented were mi-
cromycetes of the genus Penicillium (59 %). The total number of fungi in the control variant was
291.00 £ 79.67 thousand CFU/g of soil. The introduction of straw affected both the total number of
micromycetes and the genus composition of fungi. The total number of fungi in the variant with
straw increased 2.6 times and amounted to 744.00 £ 114.67 thousand CFU/g of soil. The number of
representatives of all studied genera of micromycetes also increased. In addition, the introduction
of straw provoked the development of fungi of Bipolaris and Fusarium genera, which can be consi-
dered a negative outcome since representatives of these species are commonly recognised as path-
ogens of root diseases. Application of the fungus antagonist T. viride IMB F-100076 to the soil
along with straw did not significantly affect the total number of micromycetes. At the same time, a dis-
placement of fungi of the genus Bipolaris and Fusarium from the rhizosphere of corn was registered.
The number of fusaria decreased from 96.00 + 5.44 to 23.00 + 2.32 thousand CFU/g of soil or almost
4 times and reached the level of the control variant. Fungi of the genus Bipolaris in the variant with
the introduction of trichoderma were not detected. Conclusion. The antagonist fungus T. viride
F-100076, introduced into the soil along with straw, strikes root in the soil and exhibits antagonistic
activity against micromycetes of the genera Bipolaris and Fusarium, which are commonly represent-
ed by root rot pathogens of many crops. Thus, the new strain T. viride F-100076 allows increasing the
antagonistic potential of the rhizosphere soil of corn and protecting plants from pathogens.
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Introduction. Among the bioagents of mi-
crobial preparations for plant protection from
pathogens of root diseases, the representatives
of widespread soil micromycetes of the genus
Trichoderma Pers are of the greatest interest.
The action of fungi of the genus Trichoderma
on microorganisms is due to their ability to form
antibiotics (gliotoxin, viridine, alamecin and
others), hydrolytic enzymes, as well as the abil-
ity to actively compete with other microorgan-
isms in the consuming of nutrient substrate and
to show hyperparasitic activity against large
spectrum of micromycetes. The search for
strains of fungi of the genus Trichoderma — po-
tential agents of biopreparations, is carried out
in many scientific institutions around the world.
Trichodermin and its modifications was created
on the basis of active strains of Trichoderma
genus. Fungi of the genus Trichoderma with
high cellulase activity are also known. It is ex-
pedient and timely to search for natural highly
active strains of fungi of the genus Trichoder-
ma, which are characterized by high antagonis-
tic activity against plant disease pathogens and
the ability to destroy agricultural waste. Crea-
tion of double-acting biopreparations on the ba-
sis of such strains will accelerate the destruction
of plant residues while protecting crops from
pathogens.

Analysis of recent studies and publica-
tions. It is known that among the modern mea-
sures of crop protection the chemical method of
plant protection continues to dominate. Howev-
er, for many developed countries, the need to
reduce pesticide use has become urgent. This is
caused by a number of negative phenomena that
occur with the widespread use of chemical
methods, namely: accumulation of so-called
pesticide residues that can migrate in different
systems, resulting in contamination of agricul-
tural products and their entry into the human
body. In many cases, pesticides have a biocidal
action on a beneficial biota. Furthermore, the
adaptation of harmful species is registered eve-
rywhere, 1. e. pesticide-resistant forms appear in
populations of pests and phytopathogens. The
incidence of resistant forms of pests outrides the
creation of new preparations. All this encour-
ages the limitation of chemicals and the search
for effective and environmentally friendly plant
protection systems alternative to the chemical
method. Biological method, in particular, the
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use of microbial preparations, is an alternative
to the chemical method.

Trichoderma fungi are promising bioagents
of microbial preparations to protect crops from
pathogens. They are increasingly attracting the
attention of researchers and more than 90 % of
biofungicides are based on them [1]. T. harzi-
anum, T. viride, T. virens are the most common
strains used to control fungal diseases. Repre-
sentatives of the genus Trichoderma are antago-
nists of such phytopathogens as Phitophthora
infestans, Alternarsa alternata and Botrytis ci-
nerea [2-3], Verticillium tricorpus, V. dahliae,
V. albo-atrum [4]. Trichoderma reduces the in-
fectious background of soils, restoring their
suppressiveness, 1. €. the ability to inhibit path-
ogenic microbiota in natural biocenoses [5].

High antagonistic activity of fungi of the
genus Trichoderma is due to various mecha-
nisms of action: competition, hyperparasitism
and antibiosis. One of the determining factors in
the dominance of one or another species in the
agrocenosis is the ability to grow rapidly, due to
severe competition for nutrient substrate
through the synthesis of siderophores — low mo-
lecular weight compounds of various chemical
nature. Siderophores are synthesized by soil mi-
croorganisms and efficiently bind iron ions,
which are then supplied to plants that are in
symbiotic relationships with the corresponding
microorganisms. A role of siderophores in an-
tagonistic relationships with soil phytopatho-
gens is important, since they successfully com-
pete for iron ions, being in the tissues of the host
plant. This ability has been shown for some spe-
cies of Trichoderma, but most siderophores
have not been characterized [5]. There is a char-
acteristic for only three siderophores of the fun-
gus T. virens: monohydroxymate (cis- and trans-
fusarinin), trans-fusarinin dipeptide and trimer
disdepsipeptide-copragen [5].

Hyperparasitism is based on a direct contact
between the antagonist and the pathogen. Lytic
enzymes play a leading role in this process.
Trichoderma fungi are capable of synthesizing
extracellular hydrolases, in particular, endochiti-
nases, proteases, glucanases, lipases, xylanases,
mannases, pectinases, pectinliases, amylase,
phospholipases, RNAases, DNAases and others.
Chitinolytic and glucanolytic enzymes catalyse
the hydrolysis of cell walls of phytopathogens,
as they destroy polymers that do not occur in
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plant cells [5], and proteases reduce the enzy-
matic activity of pathogens [1].

The antibiosis involves indirect effect and is
based on the synthesis of substances that have
an inhibitory or fatal effect on phytopathogens.
More than 100 secondary metabolites are
known to be characterized by antibiotic activity,
and they are produced by Trichoderma fungi.
Among them are gliotoxin, viridine, trichoder-
min, sacucacillin, alamethicin, dermadin, etc.
[6]. Trichoderma produces both volatile (eth-
ylene, alcohols, aldehydes, ketones) and non-
volatile metabolites, including protein antibiot-
ics (peptobiols) [5]. The combined action of lyt-
ic enzymes with antibiotics provides a higher
level of antagonism compared to their action
alone. The synergistic action of hydrolases and
antibiotics is known, and the degradation of
phytopathogenic cell walls is accompanied by
inhibition of the growth rate of the fungus [5].

Trichoderma fungi are not only active an-
tagonists of phytopathogens, they are also able
to produce substances of phytohormonal nature,
which improve plant growth and development,
in particular, increase the content of chloro-
phylls, proteins, carbohydrates, germination en-
ergy, similarity, aboveground and root system
mass [7]. The recent studies have shown that
fungi of the genus Trichoderma are able to form
symbiotic associations with plants similar to
mycorrhizal fungi. Under the influence of such
symbiotic associations, the availability of nutri-
ents in plants (N, P) increases, which contrib-
utes to their better growth and development.
Furthermore, such plants are more resistant to
phytopathogens. For example, the positive ef-
fect of T. harzianum on the root system and
aboveground mass of cucumber plants was not-
ed [1]. It is emphasised that the synthesis of
substances with restrictive properties helps the
trichoderma to colonize the roots of plants and
promotes the formation of associations, causing
the functional interactions between micro- and
macro-organism [8].

Data are available that 7. harzianum is able
to penetrate the epidermis of the root of cucum-
ber plants, thereby inducing the synthesis of pe-
roxidases and phenolic compounds, which in
turn strengthened the cell wall of plants and
partially limited the penetration of pathogens
by inducing systemic immunity [9]. Trichoder-
ma synthesizes 6-pentyl-alpha-pyrone (6PP)
and peptobiols, which act as elicitors and acti-
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vate protective mechanisms in the host plant
[10-11].

The increase in crop yield under the influ-
ence of fungi of the genus Trichoderma is due
to the synergistic effect of the mechanisms de-
scribed above.

Therefore, the search for new effective
strains of antagonist fungi of the genus Tricho-
derma and the development of biopreparations
on their basis is an essential condition for the
successful application of new plant protection
products that can protect yields and improve the
environment.

Materials and methods. Determination of
antagonistic activity was performed using phy-
topathogenic fungi, which were isolated and
identified in the Laboratory of Plant-Microbial
Interactions at the Institute of Agricultural Mi-
crobiology and Agroindustrial Manufacture of
the NAAS, namely: Alternaria radicina, which
causes early blight of potatoes, tomatoes, car-
rots; Acremoniumstrictum — phytopathogen of
most monocotyledonous and dicotyledonous
crops, which causes wilting of plant leaves;
Acremonium cucurbitacearum, which is the
causative agent of pumpkin family acremonia-
sis; Aureobasidium pullulans is a phytopathogen
that causes diseases of shoots of agricultural
plants; Fusarium oxysporum is the causative
agent of root rot and fusarium wilt, Fusarium
oxysporum var. orthoceras is a phytopathogen
that causes vascular (tracheomycosis) wilting of
crops: wheat, rapeseed, tomatoes; Fusarium
moniliforme var. lactis which is the causative
agent of fusarium rot of corn stalks; Fusarium
solani 1s the causative agent of root diseases of
nightshade family and cereals; Rhizoctonia vio-
laceae which causes red root rot or rhizoctenia-
sis; Stachybotrys alternans affects roughage
(mainly straw); Thielaviopsis basicola affects
the roots and root system of legumes; Torula
expansa affects roughage.

The antagonistic activity of 7. viride
F-100076 was studied by the method of mixed
(counter) cultures [12—-13] on wort agar (45 %
dry matter) in 90 mm Petri dishes with a layer
of medium 6 mm thick. Petri dishes were placed
in a thermostat at 26 £2 °C. The experiment
was repeated three times. Accounting was per-
formed on the day 3 and 8 of cultivation.

The study of the mycocenosis of the root
zone of corn plants was carried out under the
conditions of a field experiment with corn,
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which was performed according to the scheme:
1 — control; 2 — Introduction of straw; 3 —
introduction of straw treated with 7. viride
F-100076 (2 x 10° CFU per 1 g of straw). In the
experiment, corn hybrid Kremin 200 SV was
cultivated. Straw and nitrogen fertilizers were
applied during autumn plowing at the rate of
15 kg of active substance per 1 tonne of straw.
Mineral fertilizers in the dose of NgoP30Koo were
introduced during spring plowing. The account-
able area of the plot is 8.5 m?. The experiment
was repeated 5 times.

The number of micromycetes was deter-
mined by the method of Waksman soil dilu-
tions. Isolation, accounting and cultivation of
fungi was carried out according to generally ac-
cepted methods [14]. Cultural and morphologi-
cal characteristics of the fungi were studied on
wort agar with the addition of streptomycin in
the amount of 240 IU per 1 mL of medium to
inhibit bacterial growth. On the day 3-4, the
number of colony-forming units (CFU) was
counted, and on the day 7-8, micromycetes
were isolated in pure culture for further deter-
mination according to the described methods
[14].

Morphological features of micromycetes
were studied using a light microscope Delta
Optical Evolution 300 in accordance with the
relevant determinants [15-21].

Results and discussion. The study of an-
tagonistic activity of 7. viride F-100076 was
performed by the method of counter cultures.
The obtained results showed that 7. viride IMB
F-100076 is characterized by high antagonistic

activity against a wide range of phytopathogenic
fungi, showing hyperparasitism as early as on
the eighth day (Table 1). The highest antagonis-
tic activity of the strain was found in relation to:
Al radicina, Ac. strictum, Ac. cucurbitacearum,
F. oxysporum, F. solani, F. oxysporum var. or-
thoceras, F. moniliforme var. lactis, T. expansa
(5 points respectively by Symonian and Ma-
mikonian scale) (Fig. 1-3). At the same time,
T. viride F-100076 inhibited growth and com-
pletely colonized pathogenic colonies showing
hyperparasitism.

Table 1. Antagonistic activity of Tricho-
derma viride IMB F-100076 against phyto-
pathogenic fungi (laboratory experiment, day 8)

Reaction

Points
type

Strains

Alternaria radicina

Acremonium strictum

Acremonium
cucurbitacearum

Fusarium oxysporum

Fusarium solani

jeshE NesH NesH N es BN Hesil es!

Fusarium oxysporum
var. orthoceras

Fusarium moniliforme
var. lactis

Torula expansa

Rhizoctonia violaceae

Aureobasidium pullulans

g|o|g|m| =

Stachybotrys alternans

Fig. 1. Antagonistic interaction between T. viride IMB F-100076 and phytopathogenic micro-
mycete Aureobasidium pullulans (8 days): 1 — A. pullulans; 2 — T. viride IMB F-100076.
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Fig. 3. Antagonistic interaction between T. viride IMB F-100076 and phytopathogenic micro-
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mycetes (8 days): 1 — Fusarium solani; 2 — Fusarium oxysporum; 3 — Fusarium moliniforme
var. lactis;, 4 — Fusarium oxysporum var. orthoceras, 5 — T. viride IMB F-100076.

T. viride IMB F-100076 had a relatively
high activity (4 points) against Rhizoctonia vio-
laceae, Aureobasidium pullulans, Stachybotrys
alternans (Table 1).

Thus, the new strain 7. viride IMB
F-100076, showing high activity against phyto-
pathogenic fungi, can be used for pre-sowing
treatment of crops in order to protect them from
pathogens of root diseases.

It is known that the nature of the interaction
between introduced and aboriginal microorgan-
isms can change when introduced into the soil.
Underestimation of the ability of the microor-
ganism to take root in the soil and counteract the
pathogenic microbiota can lead to a lack of
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positive effect. The use of antagonist fungi to
protect plants from pathogens can be effective
only taking into account the influence of envi-
ronmental factors, species composition of sapro-
trophic and pathogenic microorganisms, soil
and climatic characteristics, as well as the rela-
tionship between aboriginal and introduced mi-
croorganisms. To determine the effect of the
fungus antagonist 7. viride IMB F-100076 on
micromycetes directly in the soil, a field exper-
iment was conducted, which provided variants
with and without the introduction of winter
wheat straw at a rate of 70 kg/ha.

The obtained data of mycological analysis
of sod-podzolic soil of corn rhizosphere are
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provided in Table 2. The obtained data suggest
that the mycocenosis of the sod-podzolic soil of
the corn rhizosphere was formed by micromy-
cetes belonging to the genera Acremonium Link,
Cladosporium Corda, Fusarium Link:Fr, Glio-
cladium Corda, Mucor Mich, Penicillium Link:Fr,
Rhizopus Ehrenb, Trichoderma Hers, among
which micromycetes of the genus Penicillium
were the most represented (59 %). The total
number of fungi in the control variant was 291 +
+ 79.67 thousand CFU (Table 2).

The introduction of straw affected both the
total number of micromycetes and the genus
composition of fungi. The total number of fungi
in the variant with straw increased 2.6 times and
amounted to 744 + 114.67 thousand CFU/g of
soil. The number of representatives of all stud-
ied genera of micromycetes also increased. In
addition, the introduction of straw provoked the
development of micromycetes of the genus Bi-
polaris, which can be considered a negative
outcome since it is known that causative agents
of helminthosporium blight is common among
representatives of this species. Helminthospori-
um blight of corn leaves is a characteristic dis-
ease for the zone of Ukrainian Polissia, the
harmfulness of which is 6 to 27 %. The number
of micromycetes of the genus Bipolaris in the
variant with straw was at the level of 21 +3.10
thousand CFU/g of soil. The introduction of
straw also led to a significant increase in the
number of micromycetes of the genus Fusari-
um: from 25+3.12 to 96+ 5.44 thousand
CFU/g of soil or almost 4 fold (Table 2). This
can also be considered as an undesirable trend,
as fusaria can cause root rot and adversely affect
crop yields, in particular corn.

The introduction of the antagonist fungus
T. viride IMB F-100076 into the soil along with
straw had almost no effect on the total number
of micromycetes, but there was a displacement
of fungi of the genus Bipolaris and Fusarium
from the corn plant rhizosphere. The number of
fusaria decreased from 96 +5.44 to 23 +2.32
thousand CFU/g of soil or almost 4-fold and
reached the level of the control variant. Bipo-
laris fungi in the variant with the introduction of
trichoderma were not detected at all (Table 2).

Conclusion. The antagonist fungus 7. viri-
de F-100076, introduced into the soil along with
the straw, takes root in the soil and exhibits an-
tagonistic activity against micromycetes of the
genera Bipolaris and Fusarium, among which
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root rot pathogens of many crops are common.
Thus, the new strain 7. viride F-100076 allows
to increase the antagonistic potential of the rhi-
zosphere soil of corn and to protect plants from
pathogens.
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AHTAT'OHICTUYHA AKTUBHICTH HOBOI'O IITAMY
TRICHODERMA VIRIDE TA MOT'O BILIUB HA YIT'PYIIOBAHHSI
MIKPOMILETIB KOPEHEBOI 30HU POCJIMH KYKYPY /31
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Mema. /[ocrioumu anmaeonicmuuny akmusnicmes Hogoeo wmamy T. viride F-100076 ma tioco
8NIUB HA (POPMYBAHHA Y2PYNOBAHHA MIKPOMIYEemié KOpeHegoi 30HU POCIUH KYKYPYO3U 3d YMO8
nonvo6o2o docnidy. Memoou. Anmazonicmuuny axmusnicms Trichoderma viride F-100076 oocni-
02HCYBANIU MEMOOOM 3MIWAHUX (3YCMPIYHUX) KYIbMYP HA CYCLO0-A2api 3 8UKOPUCMAHHAM Qimona-
mozeHHUux epuobis, axi 6y10 6udieHo ma i0eHMmughikosano 6 1abopamopii pocIUHHO-MIKPOOHUX 83a-
eMO0iU. Bioznauanu 308HIWHIN 8USIAO0 [ MUN BIOHOCUH, BUKOPUCMOBYIOUU WKATLY 8 MOOU@Iikayii
Cumonsana i Mamikonsana. Buznauenns uucenbHocmi Mikpomiyemis 30iUCHIO8ANU 30 MEMOOOM IP)-
HMOBUX po38edeHb. Buodinenwns, obnik i KynemusysaunHs epubie 30ilUCHIO8ANU 3A 3A2ATbHONPULIHS-
mumu memoouxamu. loenmucghixayito mikpomiyemie nposoounu 3a 8iONOBIOHUMU OJisi KOHKPEMHOI
cucmemamuyroi epynu mikpomiyemie susnaunukamu. Pezynemamu. Bcmanoesneno, wo T. viride
IMB F-100076 xapakmepu3yemuvcsi 8UCOKOK AHMAZOHICMUYHOI AKMUBHICIIO WOO0 UWUPOKO2O
cnekmpy ¢himonamozeHnux 2pubie, UAGNIAIYU 2INEePpnapasumusm exce Ha 6ocbmy 000y. Haiisuwyy
AHMA2OHICMUYHY AKMUBHICMb wmam euseus wooo: Alternaria radicina, Acremonium strictum,
Acremonium cucurbitacearum, Fusarium oxysporum var. orthoceras, Fusarium moniliforme var.
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lactis, Torula expansa (5 6anie 3a gionogionor wkanoro Cumonana ma Mamikonsana). /lani mikono-
2IUH020 aHani3y 0epHOBO-NIO30IUCMO20 TPYHMY pu3ocgepu KyKypyo3u 3ac8iovunu, wo MiKOYeHO3
0epHOBO-NIO30IUCIO20 IPYHMY pU30oc@epu KyKypyo3u opmyeanu MiKpomiyemu, saKi HALexcaiu 00
pooie Acremonium Link, Cladosporium Corda, Fusarium Link:Fr, Gliocladium Corda, Mucor
Mich, Penicillium Link:Fr, Rhizopus Ehrenb, Trichoderma Hers, cepeo sikux nHaubinbu npeocmas-
neHumu 6yau mikpomiyemu pooy Penicillium (59 %). 3azanvna xinbkicme 2pubie y KOHMPOILHOMY
eapianmi cknaoana 291,00+ 79,67 muc. KYO/2 epynmy. Buecenns conomu nosHauunocs sk Ha 3a-
2ANbHIU KITbKOCMI MIKpOMiyemie, max i Ha pooosomy cKk1aodi epubis. 3acanrbHa KibKicmv epudig y
eapianmi 3 conomoro 30inbwunacs 6 2,6 paza i cknana 744,00« 114,67 muc. KYO/2 epynmy. 36i-
JBUUNACA MAKOHC | YUCENbHICMb NPeOCMABHUKIE 6CIX 00CNIONHCEHUX po0oie Mikpomiyemis. Kpiu
Mo20, 8HECEHHs COJIOMU CNPOBOKYBAI0 PO38UMOK 2pubdie podie Bipolaris ma Fusarium, wo modxicna
88adCAMU He2AMUBHUM HACAIOKOM, addice 8I0OMO, Wo ceped npeoOCmAasHUKI8 3a3HAYeHUX 8UJI8 Ya-
CMo mpanasaiomsbcs 30YOHUKU KOPEHEeBUX X80po0. BreceHHs 6 IpYHM 0OHOYACHO i3 COIOMON0 2puba-
anmaeounicma T. viride IMB F-100076 ne énausano icmomuo Ha 3a2aibH) KilbKiCmb MIKpOMIyemis.
Boonouac mano micye sumicnenns 3 pusocgepu Kykypyosu epubis pody Bipolaris i Fusarium, a yu-
cenvuicmo Qyzapiie smenwunacs 3 96,00 + 5,44 0o 23,00 £ 2,32 muc. KYO/e epynmy abo maiixce y
4 pasu i docsaena pieHs KOHmMpoObHO20 eapianmy. I pubu pody Bipolaris y eapianmi 3 enecenHam
mpuxodepmu He suasusnucs. Bucnosxu. I puo-anmazonicm T. viride F-100076, enecenuii y tpynm
O0OHOUACHO 13 COJIOMOIO, NPUNCUBAEMBCSL 8 IPYHMI MA 8UABIAE AHMALOHICIMUYHY AKMUBHICIb U000
Mikpomiyemie poodie Bipolaris i Fusarium, ceped saxux uacmo mpanisaiomscsi 30YOHUKU KOPEHeBUX
eHUeli bazamvox cilbcbkococnooapcokux Kyavmyp. Omoice, nosuul wmam 1. viride F-100076 0o-
360.71A€ NIOSUWUMU AHMASOHICMUYHUL NOMENHYIAN pu3oc@epro2o IpyHmy KyKypyo3u ma 3axucmumu
Ppocaunu 8i0 30YOHUKIB 3aX80PIOBAHD.

KirouoBi ciioBa: mikpomiyemu, epud-anmaeounicm, Trichoderma, xykypyosza, nueHuuna cono-
ma, pimonamozenHi epuobu.

HUTOBAHA JIITEPATYPA

1. Blaszczyk L., Siwulski M., Sobieralski K.,
Lisiecka J., Jedryczka M. Trichoderma sp. — appli-
cation and prospects for use in organic farming and
industry. J. Plant Prot. Res. 2014. Ne 54 (4). P. 309—
317. https://doi.org/10.2478/jppr-2014-0047

2. Hesmepxuukas O. M., Hypmyxammenos A. K.
D¢ dexTHBHOCTH OHONpENnapaToB MPOTHB BO30Y/IH-
Teneil Oypoil rHWIM KopHeruionoB. CaxapHas cgek-
na. 2012. Ne 6. C. 38-40.

3. Cragamuenko M. A. TlepcnekTuBbl OuoiO-

nbia FO. H. Bausaue rpu6os poaa Trichoderma Ha
pOCTOBBIC TPOIECHl  MIIEHHIBL.  Hcnedosano 8
Poccuu. 2008. Ne 13. C. 173-182.

8. Howell C. R. Mechanisms employed by Tri-
choderma species in the biological control of plant
diseases: the history and evolution of current
concepts. Plant Dis. 2003. Ne87. P. 4-10.
https://doi.org/10.1094/PDIS.2003.87.1.4

9. Yedidia I., Benhamou, N., Chet I. Induction
of defense responses in cucumber plants (Cucumis
sativus L.) by the biological agent Trichoderma har-

[MYECKOr0 KOHTPOJISL BO3OYAUTEIS GOTPUTHO3A HA zianum. Appl. Environ. Microbiol. 1999. Ne 65(3).

IaCIIbOHOBBIX KyNbTypax. Becmuux BIY. Cep. 2011, P. 1061-1070.  https://doi.org/10.1128/AEM.65.3.
No 2. C. 49-55. 1061-1070.1999

4. Fotoohiyan Z., Rezaee S., Bonjar G., Mo-
hammadi A. H, Moradi M. Biocontrol potential of
Trichoderma harzianum in controlling wilt disease
of pistachio caused by Verticillium dahlia. J. Plant
Prot. Res. 2017. Ne 57. P. 185-193. https://doi.org/
10.1515/jppr-2017-0025

5. Amumoa @. K. CoBpemennast cucrema Tri-
choderma / Hypocrea. Yuenwie 3anucku Kaszancrkoeo
yrugepcumema. Cep. Ouon. EcrecTBeHHbIC HayKW.
2005. Ne 147 (2), C. 28-56.

6. bormanoB A. M., TuroBa 10. A. AHTaronu-
CTHYECKas aKTUBHOCTh mTamMMmoB Trichoderma
asperellum — TPOAYIIEHTOB MYJIBTUKOHBEPCHOH-
HBIX OWONpenapaToB. BecmHuKk 3aujumsl pacmeHuil.
2014. Ne 1. C. 48-52.

7. T'onoBanora T. U., Jlonunuckas E. B., Koctu-

24 ISSN 1997-3004

10. Vinale F., Sivasithamparam K., Ghisalberti
E. L., Marra R., Woo S.L., Lorito M. Trichoderma-
plant-pathogen interactions. Soil Biol Biochem.
2008. Ne40. P. 1-10. https://doi.org/10.1016/
j-s0ilbi0.2007.07.002

11. Viterbo A., Wiest A., Brotman Y., Chet 1.,
Kenerley C. The 18mer peptaibols from Trichoder-
ma virens elicit plant defence responses. Mol Plant
Pathol. 2007. Ne8. P. 737-746. https://doi.org/
10.1111/5.1364-3703.2007.00430.x

12. ExcniepyiMeHTanbHa IPYHTOBA MiKpOOioyo-
ris : moHorpadis / Bonkoron B. B., Hankepuuu-
Ha O. B., TokmakoBa JI. M. Ta iH.; 3a HayK. pell.
B. B. Bonkorona. K. : Arpapna Hayka, 2010. 464 c.

13. Cumonsa C. A., Mamukonsa T. C. Bzau-
MOJICTBUE KOMITOHEHTOB KaproQUIbHBIX MHKOCH-

Cinbepkorocnozapebka Mikpoo6ionoris. 2020. Bum. 31.



HY3Hl B dKcnepuMeHTe. Mukonozus u ¢umonamo-
noeus. 1982. Ne 16(3). C. 219-255.

14. MeToap! dKCIIEPUMEHTAIbHON MHUKOJIOTHH :
cupaBounuk / ITox pen. B. M. bunaii. K. : Hayk.
nymka, 1982. 549 c.

15. Kupunenko T. C. Atiac pogoB moYBEHHBIX
rpubos. K. : Hayk. nymka, 1977. 128 c.

16. Mukpomuners! mous / Ilog pea. B. U. bu-
naii. K. : Hayk. mymxka, 1984. 264 c.

17. Jluteuaos M. A. Omnpenenurens MHKpPO-
CKOITMYECKUX TIOYBEHHBIX TpuOoB. JleHWHTpan

Hayxka, 1967. 303 c.

ISSN 1997-3004

18. bumait B. 1. ®yzapun. K. : Hayk. mymxka,
1977. 444 c.

19. Tlupommuko  H. M. T'pubsi-napasutsr
kynbTrypHbix pacrenmit (T. 2). K. : Hayk. mymka,
1977. 300 c.

20. [Impormmuko  H. M. ['pubsi-napasuts
kynbrypHbix pacrenumit (T. 1). K. : Hayk. mymka,
1977. 296 c.

21. mpormmuko  H. M. ['pubsi-napasuts
kynbTrypHbix pactenuit (T. 3). K. : Hayk. mymka,
1978. 232 c.

OTtpumano 03.06.2020

Cinbepkorocnozapebka Mikpoo6ionoris. 2020. Bum. 31. 25



