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TRICHODERMA STRAINS —
ANTAGONISTS OF PLANT PATHOGENIC MICROMYCETES

Species of the genus Trichoderma are known as producers of many biologically active substances, in particular, enzymes
that have found their practical application in many industries. In addition, active Trichoderma strains are used as bio-
logical control agents for plant pathogenic micromycetes. Trichoderma strains are able to exhibit antagonistic properties
against plant pathogens very effectively due to their peculiarities: high growth rate; synthesis of chitinolytic enzymes and
secondary metabolites with antifungal activity. Thus, highly active Trichoderma strains hasve been successfully used to
control plant pathogenic isolates of Fusarium, Alternaria, Botrytis, Sclerotinia, Verticillium, Pythium, and other genera.
The aim of the study was to evaluate the antagonistic activity of 100 Trichoderma strains against eight test cultures of
plant pathogenic micromycetes of different species and to select the most active strains for further studies of their physi-
ological properties. Methods. Cultures of the studied fungi were grown on potato-dextrose agar. The antagonistic activity
of fungi of the genus Trichoderma against fungal plant pathogens was established using the conventional method of dual
culture. The percentages of growth inhibition of plant pathogens were calculated, and on the basis of those values, the
antagonistic activity of strains was concluded. Microsoft Excel and Origin 8.0 (OriginLab) packages were used for statis-
tical data processing. Results. According to the results for the antagonistic activity of Trichoderma strains against plant
pathogenic micromycetes in general, it was shown that the strains have a high level of antifungal activity. Thus, the most
numerous group (38%) of the total studied Trichoderma strains were “highly active” ones that inhibited the growth of
plant pathogens from 70 to 80%. Second largest group (27%) included “moderately active” strains with 60—70% inhibi-
tion of plant pathogenic test cultures. The smallest (6%) but the most active group consisted of the “most active” strains
with an average value of inhibition of more than 80%. Thus, almost three quarters (71%) of the studied Trichoderma
strains showed a high level of antagonistic activity against plant pathogens with the inhibition of more than 60%. In
addition, only 17% of Trichoderma strains were “inactive” and 12% of them showed insufficient activity with a growth
inhibition of plant pathogens of less than 50%. Notably, 35% of Trichoderma strains were active against all eight test
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cultures of plant pathogenic micromycetes. Conclusions. The studied Trichoderma strains have significant antagonistic
potential both for individual strains of plant pathogenic micromycetes and for all studied plant pathogens. The involve-
ment of a wide range of test cultures of plant pathogens, as well as a significant number (100) of Trichoderma strains,
allowed a more objective and systematic assessment of the antagonistic potential of fungi of this genus. Thus, our study of
the action of the wide range of Trichoderma strains against test cultures of different species showed that the fungi of the
genus Trichoderma were effective antagonists of plant pathogenic fungi. The 38% of Trichoderma strains showed a high
level of antifungal action and inhibited the growth of plant pathogens by 70% and more. Only 12% of strains showed less
than 50% activity. In addition, 35% of Trichoderma strains were active against all eight tested plant pathogen cultures.
The significant number of studied Trichoderma strains was highly active, and thus they can be used as a basis for further

research to obtain effective biological control agents of plant pathogenic micromycetes.

Keywords: Trichoderma strains, antagonism, plant pathogenic micromycetes, mycoparasitism, biocontrol.

Plant pathogenic microorganisms cause large
losses in the cultivation of crops, fruits, and or-
namental plants. Of the various groups of plant
pathogens, the most harmful are microscopic
fungi, which, unlike plant pathogenic bacteria or
viruses, are able to infect many more species and
varieties of plants and are more resistant to pesti-
cides [1]. Along with this, infection of plants with
plant pathogenic micromycetes opens the “door”
for bacterial and viral infections. Therefore, the
control of plant pathogenic fungi is one of the pri-
ority areas of current science for the development
of effective plant protection methods [2]. Usually,
to control plant pathogens, chemical fungicides
are used, which are highly effective but not envi-
ronmentally friendly. There is growing interest in
the use of methods and strategies for biological
control of plant pathogens, in particular, the in-
terest of agricultural producers in the use of envi-
ronmentally friendly methods of biological con-
trol of plant pathogenic microorganisms using
Trichoderma strains. For this, highly active agents
of biological control of plant pathogens — antag-
onistic strains based on their biological activity —
are increasingly used [3]. The consumer demand
for organic farming products that are grown with-
out pesticides of chemical origin is also growing.
Thus, scientific and commercial interest in the
study and implementation of new highly active
strains for biological control of plant pathogenic
micromycetes is a vanguard in strategies to pro-
tect and increase the yield of agricultural plants.
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According to the literature, the most effective
antagonists of plant pathogenic micromycetes
are species of the genus Trichoderma [4]. Strains
of this genus are widely spread in various econ-
iches. Biologically active Trichoderma strains are
known as producers of many active metabolites
against plant pathogens [5]. High antifungal ac-
tivity of Trichoderma fungi is associated with
their ability to synthesize a complex of hydrolytic
enzymes, in particular, chitinases, which destroy
the cell walls of plant pathogenic fungi and create
conditions for mycoparasitism. Along with this,
the researchers provide data on the synthesis by
Trichoderma strains secondary metabolites of
low molecular mass, primarily non-ribosomally
synthesized peptides — peptaibols that exhibit
antifungal and antibacterial activities [6]. Due
to the complex action of metabolites synthesized
by Trichoderma strains, they are highly effective
antagonists of plant pathogenic micromycetes.
The biological activity of different strains of the
genus Trichoderma can vary greatly, so scientists
focus on the study of individual strains [7]. At the
same time, there are very few works devoted to
the extensive screening of antifungal activity of
the Trichoderma species. In view of this, studies
of the antifungal activity of strains of this genus
isolated from different econiches may be prom-
ising for screening highly active plant pathogen
antagonists. Notably, the large-scale screening
of Trichoderma strains with the involvement
of a significant number of test cultures of plant
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a b

Fig. 1. Scheme of study of antagonistic activity of Trich-
oderma strains by the method of dual culture: a — con-
trol Petri dish; b — the dish with a dual culture

pathogenic fungi will provide an opportunity to
expand the understanding of the potential of an-
tifungal activity of different strains of this genus.

The aim of the present study was to assess the
antagonistic activity of 100 strains of the genus
Trichoderma against eight test cultures of plant
pathogenic micromycetes and selection of the
most active strains for further studies of their
physiological properties.

Materials and methods. The objects of the
research were 100 fungal strains of the genus
Trichoderma and eight test cultures of plant
pathogenic fungi from the Culture collection of
microscopic fungi of the Department of Physiol-
ogy and Taxonomy of Micromycetes of D.K. Za-
bolotny Institute of Microbiology and Virology
of the NAS of Ukraine (Table 1).

The method of dual culture. Cultures of the
studied fungi were preliminarily grown on pota-

Table 1. The studied cultures of plant pathogenic fungi

to-dextrose agar (PDA) in Petri dishes and incu-
bated at a temperature of 26 + 2°C for 10—14 days.

The conventional method of dual culture [8]
was used to determine the antagonistic activ-
ity of fungi of the genus Trichoderma against
plant pathogenic fungi (Fig. 1). An inoculum
(5x5 mm) from the edge of the colony of each
isolate (Trichoderma strains and plant pathogen-
ic test cultures) was used to inoculate standard
size Petri dishes (9 cm diameter) with Czapek’s
agar medium (20 mL/dish).

The inoculum of the phytopathogenic test
strain was placed at a distance of 3 cm from the
dish edge. On the other side, this dish was in-
oculated with the studied Trichoderma strain at
a distance of 3 cm from the edge. The distance
between the sites inoculated with the plant path-
ogenic strain and Trichoderma ones was 3 cm.
In control Petri dishes, appropriate test cultures
of plant pathogenic micromycetes were cul-
tured without an antagonistic strain of the genus
Trichoderma.

Incubation of the studied fungi was carried out
ata temperature of 26 + 2°C for 2—7 days. The per-
centage of growth inhibition of plant pathogenic
fungi by the antagonistic Trichoderma strains was
evaluated according to the formula [9]:

R

-R
I (%) =———=2-100,
R,
where R, is the radius of the colony of the plant

pathogenic strain under control; R, is the ra-

No Strain Source Region of isolation, year

1 15966 Nigrospora oryzae Wheat grain Mykolaiv oblast, 1986
2 50718 Fusarium solani Ash branch Kyiv oblast, 2014

3 3043 Alternaria alternata Onion seeds Kherson oblast, 2016
4 3041 Nectria inventa Corn grain Kyiv oblast, 2003

5 16884 Botrytis cinerea Cherry stalk Kyiv oblast, 2019

6 16868 Bipolaris sorokiniana Wheat grain Poltava oblast, 1998

7 16883 Sclerotinia sclerotiorum Tomatoes Kyiv oblast, 1999

8 16036 Rhizoctonia solani Wheat grain Kyiv oblast, 1998
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dius of the colony of the plant pathogen with a
Trichoderma strain.

All experiments were performed in triplicate.
The percentage of growth inhibition of plant
pathogens was calculated. It was concluded
about the antagonistic activity of Trichoderma
strains against plant pathogens.

Microsoft Excel and Origin 8.0 (OriginLab)
packages were used for statistical data processing.

Results. It was found that the antifungal po-
tential of the studied Trichoderma strains is high,

and the most active strains are promising for
further studies to obtain on their basis biological
control agents for plant pathogenic micromycet-
es (Table 2). Figure 2 shows the antagonistic in-
teraction of fungi of the Trichoderma genus with
test cultures of plant pathogenic fungi.

Thus, almost all studied Trichoderma strains
showed inhibitory activity against plant path-
ogenic test cultures (Fig. 2). Only one in one
hundred strains 1302 did not show significant
antifungal activity against any of the test plant

Table 2. Growth inhibitiaon (%) of plant pathogens under the action of the fungi of Trichoderma genus

Test culture of plant pathogenic fungi

No Trichod.erma § " ‘§ . B g '§ § _§
strain Xy = SRS = = 2 s g E 3 R S
S £% | % Z & & 3 2 3 3% | B3
1 3076 69 40 60 44 58 43 48 59
2 3089 63 64 54 44 40 57 61 58
3 3077 60 52 68 50 65 55 68 64
4 3083 72 48 72 63 45 62 64 58
5 3069 75 60 58 56 48 52 57 70
6 3074 71 38 60 50 60 57 70 65
7 3075 66 29 54 50 35 48 68 63
8 3067 78 52 58 44 55 55 57 69
9 3064 69 48 68 63 53 52 59 55
10 3062 74 36 52 50 60 45 61 64
11 3060 54 24 24 50 3 52 9 74
12 3082 60 29 46 44 35 48 50 60
13 3072 80 48 64 81 90 69 82 83
14 3087 94 62 82 81 95 81 95 96
15 3066 86 62 64 88 95 74 93 90
16 3068 76 38 62 81 95 76 75 69
17 3057 86 52 60 88 90 74 77 85
18 3061 73 48 62 81 90 71 89 72
19 3059 88 57 72 81 88 62 91 85
20 3070 70 38 58 81 95 60 93 78
21 344 81 36 60 63 90 76 82 79
22 3102 84 57 72 63 88 60 86 96
23 3100 78 10 64 38 60 52 80 66
24 3099 97 19 58 56 95 52 73 96
25 3091 78 2 48 75 90 50 91 48
26 2925 84 43 52 69 63 76 84 55
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Continuation of table 3

Test culture of plant pathogenic fungi

No Trichod‘erma S < S . . é s § .§
S| d% | S 28] 28| &8 8% =3
27 3093 95 48 58 63 90 64 91 73
28 3104 85 36 66 44 88 74 89 95
29 2928 85 33 60 56 88 67 89 73
30 2933 83 12 46 44 45 40 77 74
31 1244 78 57 62 50 68 64 70 74
32 3095 69 55 58 56 30 57 52 78
33 3101 79 64 72 69 90 76 91 82
34 3103 86 67 72 75 63 74 57 75
35 3349 73 55 54 63 83 67 70 83
36 2932 97 79 62 69 90 71 77 84
37 3107 79 71 76 75 73 74 80 92
38 2916 73 55 50 44 60 64 68 78
39 3096 66 57 50 38 83 67 77 74
40 3105 70 62 56 63 83 62 48 67
41 1602 78 26 62 56 70 60 73 72
42 3094 85 38 66 56 55 67 68 91
43 2768 86 29 80 25 48 64 77 85
44 1242 87 57 66 75 78 81 57 95
45 1662 84 60 76 50 85 60 61 72
46 368 89 57 68 75 55 62 68 73
47 843 90 62 64 50 78 74 77 88
48 2930 69 48 52 63 70 57 59 82
49 1299 67 29 60 50 50 62 45 78
50 904 72 52 68 88 50 67 73 89
51 3121 89 10 38 50 63 48 43 63
52 3126 93 64 64 50 88 57 66 77
53 3124 72 24 46 50 45 50 75 77
54 3120 66 2 56 63 48 60 73 68
55 3122 75 24 68 88 70 64 70 95
56 3127 81 24 72 81 85 69 68 88
57 3128 72 62 74 69 85 64 59 87
58 3123 87 48 76 75 83 69 80 84
59 3125 80 19 54 50 35 50 50 92
60 3097 79 48 58 88 88 64 75 87
61 2924 86 64 84 75 80 71 91 79
62 2455 71 40 48 25 55 50 80 63
63 1243 69 67 70 75 75 55 73 76
64 Nol 90 71 80 81 85 71 91 77
28 ISSN 1028-0987. Microbiological Journal. 2022. (1)
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Continuation of table 3

Test culture of plant pathogenic fungi
No Trichod.erma g < S . . .§ s § .§
O AR A TR R R
S0 2% | 29| 22| 28| 88| 2% 53

65 No2 93 60 72 75 85 67 84 83
66 No3 80 60 72 75 80 71 77 86
67 No4 84 57 82 75 85 50 77 80
68 No5 81 45 72 44 73 67 89 87
69 No6 86 57 64 75 80 81 84 71
70 No7A 82 79 78 88 80 86 77 91
71 3112 72 71 72 75 85 71 86 73
72 3117 83 48 60 63 75 76 91 69
73 3108 93 62 80 75 85 76 95 75
74 3109 98 76 76 88 95 81 95 91
75 3115 91 52 40 63 35 43 77 78
76 16p 83 62 60 75 75 71 77 78
77 3118 72 67 76 75 50 57 95 91
78 3113 83 67 68 75 85 76 86 82
79 3111 86 62 72 75 90 71 86 78
80 3116 79 52 76 88 95 57 91 82
81 3058 63 7 38 36 30 16 43 37
82 3063 65 14 27 42 40 25 58 37
83 3065 66 24 36 57 56 41 87 41
84 3071 66 7 19 71 38 20 64 39
85 3073 67 17 20 71 47 33 62 32
86 3081 64 7 19 16 18 15 58 33
87 3084 75 21 39 64 36 25 85 39
88 3085 80 29 41 51 47 29 75 42
89 3088 66 11 33 40 42 33 76 43
90 906 81 14 30 43 47 33 45 40
91 3010 66 44 35 100 100 37 75 47
92 3078 74 41 67 100 100 50 58 44
93 3079 54 41 52 100 100 58 90 45
94 F-60 73 35 57 100 100 50 87 53
95 1515 74 50 57 100 100 58 100 51
96 2989 63 36 45 100 100 36 100 48
97 320 82 50 52 100 100 62 100 70
98 2554 65 47 47 100 100 58 78 48
99 1302 38 20 29 43 15 10 30 29
100 2550 60 40 40 100 100 50 78 47

Note: All assays were performed in three independent experiments. Differences in averages were considered signif-
icant at a level of P<0.05.
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pathogenic fungi. The degree of growth inhibi-
tion of plant pathogens by this strain did not ex-
ceed 43%, which is lower than 50% proposed by
our chosen method as a sufficient level of activi-
ty. Along with this, the more active Trichoderma
strains showed antifungal activity against several
test cultures. In particular, 906 and 3058 strains
inhibited only one test culture N. oryzae with a
percentage of inhibition of 84 and 63%, respec-
tively. More active 3082, 2933, 3071, 3073, 3084,
and 3085 strains had an inhibitory effect on three
test cultures of plant pathogenic micromycetes.

Only three of the studied Trichoderma strains
(3081, 3063, and 3088) showed antifungal ac-
tivity against two plant pathogenic test cultures
N. oryzae and S. sclerotiorum, with the percent-
age of growth inhibition of test fungi being in
the range from 58 to 76%. A histogram of the
distribution of antifungal activity of the studied
Trichoderma strains is shown in Fig. 3.

Another group includes 3076, 3060, 3121,
3065, 3010, and 2989 Trichoderma strains which
were active against four plant pathogens. The
most sensitive to the action of these strains were
test cultures of N. oryzae and S. sclerotiorum.

The eight Trichoderma strains 3075, 3091, 2768,
3124, 2455, 3115, 2554, and 2550 showed inhibitory
activity against five test fungi. In this group, strain
3115 was highly active against N. oryzae, S. sclero-
tiorum, and R. solani with a percentage of growth
inhibition of plant pathogens 91, 77, and 78%, re-
spectively. Another strain 3091 had high activity
against B. cinerea and S. sclerotiorum with growth
inhibition of these plant pathogens over 90%.

The most numerous and the most active group
of Trichoderma strains were 3089, 3083, 3062,
3104, 3100, 2916, 3096, 1299, 3120, 3125, No5,
3078, and 3079 inhibited the growth of six plant
pathogens. Among them, strain 3104 had high
inhibitory activity against N. oryzae, B. cinerea,
S. sclerotiorum, and R. solani with a percentage
of inhibition over 80%.

The largest group of Trichoderma strains con-
sists of 26 strains that showed antifungal activity

30

against seven test cultures of plant pathogenic
fungi. The most active of the studied Trichoder-
ma strains were 35 ones that showed antifungal
activity against all plant pathogens. From two the
most active groups, promising strains for further
research were selected. Six strains, namely 3087,
3066, Nol, No7A, 3108, and 3109 with an aver-
age value of growth inhibition of plant pathogens
over 80%, were the most active of them.

The data on the average value of the growth
inhibition of test cultures of plant pathogenic mi-
cromycetes were obtained and analyzed (Fig. 4).

Thus, the majority of strains (38%) were classi-
fied as “highly active” That is, the average values
of growth inhibition of plant pathogens under
the action of Trichoderma strains of this group
were not less than 70%. The smallest Trichoder-
ma group of strains was classified as “most active”
(6%). These strains are promising for further re-
search because they are able to inhibit the growth
of plant pathogens by 80% and more. However,
we do not rule out the fact that among the most
numerous groups of “highly active strains” there
are no less competitive isolates. Notably, the
second largest group included strains that were
classified by us as “moderately active” (27%),
which indicates a very high antagonistic poten-
tial of the studied Trichoderma strains against
plant pathogenic fungi. The growth inhibition of
plant pathogens under the action of these strains
was in the range of 60—69%. It should be not-
ed that among the classified as “inactive” strains
there are some ones that may also deserve the
attention of researchers as capable to selectively
act on individual plant pathogens. Thus, strains
3085 and 906 with average values of growth in-
hibition of plant pathogens 49 and 42%, respec-
tively, are able to inhibit the growth of N. oryzae
by more than 80%.

Based on the results of for the resistance of
plant pathogenic fungi to Trichoderma strains,
the following conclusions can be drawn. The
most sensitive to the antagonistic action of
Trichoderma strains was the Nigrospora oryzae
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Fig. 2. Antifungal activity of Trichoderma strains against plant pathogenic micromycetes
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Fig. 3. Distribution of antifungal activity of Trichoder-
ma strains

strain, because only one (1302) of one hundred
Trichoderma strains did not show the proper lev-
el of activity. On the other hand, the most resist-
ant was Fusarium solani: 55 Trichoderma strains
did not show sufficient antagonistic activity
against it. In addition, a relatively sensitive was
plant pathogen Sclerotinia sclerotiorum, to which
only eight Trichoderma strains were not active.

Thus, the studied Trichoderma strains have
significant antagonistic potential both for indi-
vidual strains of plant pathogenic micromycetes
and for all plant pathogens studied.
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Fig. 4. Antifungal activity of Trichoderma strains by the
average value of growth inhibition of plant pathogens

Fig. 5. Antifungal activity of Trichoderma 2932 (a) and
344 (b) strains against Nectria inventa
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Discussion. Trichoderma species are quite
common in natural econiches (soil, plant residues)
as saprotrophs and endophytes [10, 11]. Thanks to
the fruitful work of scientists, Trichoderma strains
are used not only in industry for the synthesis of
important enzyme preparations but also occupy
a leading position in the market of preparations
for biological control of plant pathogenic micro-
organisms [4]. Plant pathogens cause significant
and sometimes catastrophic crop losses. Despite
significant success in the use of chemical pesti-
cides, technologies for obtaining resistant plants
and advanced methods of agricultural science, the
problem of biological control of plant pathogens
is relevant. Among plant pathogenic microorgan-
isms, micromycetes cause the greatest damage.
The use of fungicides is a common practice in
the world to control phytopathogenic fungi, but
this strategy has some disadvantages that signifi-
cantly limit their use [12]. Among agents of bio-
logical control of plant pathogenic micromycetes,
the most effective are preparations created on the
basis Trichoderma strains with high antagonistic
activity [13]. These preparations are widely rep-
resented on the market, in particular, in Ukraine.

The data on the antifungal activity of the stud-
ied Trichoderma strains suggest that their antag-
onistic potential against plant pathogenic micro-
mycetes is significant. According to the results of
research, promising antagonistic strains can be
selected. Thus, the most active were six Trichoder-
ma strains, which almost completely inhibited the
growth of plant pathogens with growth inhibition
values of more than 80%. In addition, the group
with high antagonistic activity was the largest (38
strains) among the studied Trichoderma strains
(Fig. 4). In general, according to the average val-
ues of growth inhibition of plant pathogens, 88%
of the studied Trichoderma strains can be consid-
ered active, which significantly indicates the high
antifungal potential of these micromycetes.

Although researchers have not definitively con-
cluded the main mechanism of antifungal activity
of Trichoderma species, they point to two possi-

32

ble factors: the synthesis of a complex chitinolytic
enzymes and the synthesis of secondary metabo-
lites with antifungal activity [14]. In our opinion,
researchers often do not pay due attention to the
third factor — the growth rate of Trichoderma
fungi, which also affects the antagonistic activity.
It is known that the genus Trichoderma belongs
to the micromycetes that grow rapidly. Due to
this ability, Trichoderma strains quickly colonize
the substrates, depriving the competitor fungus
of living space and nutrient sources consequently.
We have repeatedly observed this factor of antag-
onism in this study. Thus, the antagonistic inter-
action of Trichoderma 2932 and 344 strains with
plant pathogen Nectria inventa, which has signifi-
cantly lower growth rate, is shown in Fig. 5. Due to
the high growth rate, strains 2932 and 344 almost
completely colonize the substrate, thus significant-
ly limiting the growth of the plant pathogen.
However, only the growth rate of the fungus is
not enough to detect a high degree of antagonism.
As mentioned above, there are two key factors in
the high antifungal activity of the genus Tricho-
derma: synthesis of enzymes and secondary me-
tabolites. Today there is a large array of data on
the synthesis of enzyme complexes and the role
of chitinolytic enzymes in the detection process
of antifungal activity of these fungi [15—18].
Since chitin is the major component of fungal
cell walls, a primary role has been attributed to
chitinases in the biocontrol activity of Trichoder-
ma. The Trichoderma strains are able to synthe-
size complexes of chitinases, B-glucanases, and
proteases. These enzymes are induced by contact
of Trichoderma hyphae with ones of plant patho-
genic micromycetes. The enzyme system respon-
sible for the chitinolytic activity of Trichoderma
consists of at least six enzymes: two N-acetylglu-
cosaminidases and four endochitinases [16]. The
enzymatic activity of this complex is induced by
chitin, cell walls of other fungi, or lack of carbo-
hydrate nutrition, while the inhibition of the ac-
tivity of these enzymes occurs in the presence of
glucose. Genes encoding enzymes of chitinase
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complex were isolated from Trichoderma strains
and were named chit42 and chit33 [19, 20]. The
study of the structure and properties of genes en-
coding the chitinolytic complex of enzymes will
provide a better understanding of the relationship
between the diversity of enzymes and their effect
on the processes of antagonistic activity against
plant pathogenic micromycetes. Thus, it has been
reported [17] that T. harzianum strains under
growing in a liquid nutrient medium containing
inducers (laminarin, chitin, and remnants of the
cell wall of fungi) are able to synthesize high levels
of endogluconases and chitinases. According to
the authors, this fact is the cause of mycoparasitic
activity of the studied Trichoderma strains against
fungi of the genus Fusarium. Mycoparasitism is
a direct attack of one fungus (mycoparasite) on
another (victim) in order to use prey as a source
of nutrients. Key stages of the process include the
recognition of prey, positive chemotropic growth
to it, and chemical-physical attacks (combination
of both usually leads to the death of the hyphae of
the victim and the absorption of nutrients). The
pre-contact chemical attack includes the induced
production of cell wall degrading enzymes; on the
other hand, physical attack acts during the contact
phase and is accompanied by significant morpho-
logical changes: intense branching, hyphal coiling
or the formation of appressorium-like structures
on hyphal tips [21, 22].

Another, no less effective, mechanism of anti-
tungal activity of Trichoderma fungi is the syn-
thesis of low molecular mass metabolites with
antifungal activity. More than ten active frac-
tions exhibiting antifungal activity were isolated
from the extract obtained from the endophyte
T. longibrachiatum T6 [14]. The two most active
compounds MEPH and DIBP showed a signifi-
cant level of activity against Valsa mail and other
plant pathogens. The researchers concluded that
the T. longibrachiatum T6 may be an effective an-
tagonist of V. mail, and the mechanism of this
activity is the synthesis of highly active second-
ary metabolites by this strain.

ISSN 1028-0987. Microbiological Journal. 2022. (1)

T. atroviride and T. asperellum strains showed
a high level of antibacterial activity against both
gram-positive and gram-negative bacteria, as
well as antifungal activity against five isolates of
plant pathogenic fungi [23]. Extracts of T. brev-
icompactum showed activity against plant path-
ogens: S. rolfsii, Colletotrichum gloesporioides,
V. dahliae, E oxysporum, and Cylindrocladium
sp. [24]. The Trichoderma strains can be a source
of many biologically active metabolites with
wide practical use [25].

There is a wide range of data on the biological
activity of different groups of secondary metab-
olites produced by Trichoderma species. A group
of compounds belonging to the class of epipolith-
iodioxypiperazines shows significant antifungal
activity, and the most active among them is the
antibiotic gliotoxin [26]. This metabolite is able to
inhibit the growth of a wide range of plant path-
ogens such as Rhizoctonia spp., Macrophomina
spp., Pythium spp., Sclerotium spp., etc. Metab-
olites belonging to peptaibols, in particular tri-
choconins isolated from T. koningii, show a high
level of activity against plant pathogens Rhizocto-
nia solani, E oxysporum, V. dahlia, and B. cinerea
[27]. Isolated from T. koningii and T. harzianum
secondary metabolites of the pyrones class inhibit
the growth of plant pathogens E oxysporum and
R. solani at a concentration of 0.3 mg/mL [28,
29]. The compounds belonging to the group of
butenolides, in particular two metabolites isolated
from T. harzianum, garzanolide and butenolide,
exhibit antifungal activity against plant pathogens
P, ultimum, R. solani, and B. cinerea [30]. Isolated
from the active T. harzianum strain garzianopyri-
done, belonging to the group of pyridones, has an
antifungal effect against P. ultimum, G. graminis
var. tritici, R. solani, and B. cinerea [31].

Therefore, basing on these data, we can con-
clude that the synthesis of secondary metabolites
with the antifungal action of fungi of the genus
Trichoderma is one of the effective mechanisms
of their high antagonistic activity against plant
pathogenic micromycetes. It should be noted that
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such a high antagonistic potential of Trichoderma
fungi is achieved not only due to the antifungal
activity of individual metabolites but also due to
the synthesis of a range of such metabolites of dif-
ferent chemical structures. It is obvious that such
complexes of metabolites were formed during the
long coevolution of Trichoderma fungi and the
plant pathogens, with which they competed for
living space. As a result of this evolutionary pro-
gress, Trichoderma species have gained the abili-
ty to compete with plant pathogens in the most
effective way, which is an undeniable advantage
of using biological products based on these fungi
over using chemical pesticides.

Therefore, the high level of antifungal activi-
ty of the studied Trichoderma strains can be ex-
plained by the presence of three mechanisms:
high growth rate, synthesis of enzyme complexes,
and secondary metabolites. Notably, these factors
act effectively only in a complex. For example, the
studied plant pathogenic strain of N. oryzae is not
inferior to Trichoderma in growth rate but it is the
least resistant to the antifungal action of Tricho-
derma strains. On the other hand, the used in our
studies E solani has also a fairly high growth rate,
as well as N. oryzae, but E solani strain is the most
resistant to Trichoderma fungi among all studied
plant pathogens. Thus, it can be assumed that
along with the high growth rate, the resistance
of E solani is determined by other factors. In our
opinion, among such factors may be the ability of
Fusarium species to synthesize secondary metab-
olites from the group of trichothecene mycotoxins
[32]. Trichothecenes, along with a significant lev-
el of cytotoxic and dermatocidal activity against
warm-blooded animals, are able to show a high
antifungal effect. Thus, due to the high growth
rate and synthesis of trichothecenes, F solani is re-
sistant to the antagonistic effects of some Tricho-
derma strains. In particular, our data indicate that
55 strains of Trichoderma show inhibitory activity
against F solani at levels below 50%.

In general, the literature provides data on the
use of Trichoderma strains against phytopatho-
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genic Fusarium species. The problem of Fusarium
wilt is quite acute, because Fusarium wilt can lead
to yield losses in some crops up to 95% [33]. Two
strains, namely T. harzianum and T. longibrachia-
tum, were effective in the control of E solani. In
addition, another strain of T. harzianum Ths97
showed a high level of antagonism against E sola-
ni isolates, which parasitize on the roots of olive
trees [34]. Only four of the 21 Trichoderma strains
were selected as antagonists of pathogenic isolates
of E solani and E. oxysporum, which affected Cicer
arietinum crops [35]. Our study has shown that 45
of 100 strains of Trichoderma exhibit antifungal
activity against E solani. In addition, more than
half of them (26) inhibit the growth of E solani
by 60% and above. Six strains were highly active
against this plant pathogen and inhibited the
growth of E solani by more than 70%.

The high activity of the studied by us Tricho-
derma strains may be a prerequisite for further
research to obtain highly effective preparations
for biological control of plant pathogens of the
genus Fusarium.

It should be noted that the chosen by us meth-
od (dual culture method) for studying the antago-
nistic activity of Trichoderma fungi is widely used
by scientists and allows complete assessing their
antifungal potential against plant pathogenic iso-
lates. In particular, the literature provides data
obtained by this method on the antifungal activi-
ty of Trichoderma strains [36—39]. In particular,
the results of the antagonistic action of T. atrovir-
ide and T. asperellum strains against phytopatho-
genic fungi were obtained using the dual culture
method [24]. It was found that the highest values
of growth inhibition of plant pathogens were 76
and 81%, respectively. Other authors obtained
data on the activity of Trichoderma strains against
the plant pathogen Ceratocystis paradoxa causing
soft rot disease of pineapples [37].

Based on the method of dual culture, it was
shown that the most active strain was T. harzia-
num IMI-392432, which inhibited the growth
of plant pathogen by 80.82%; the other strains
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studied by the authors were less active. The an-
tagonistic activity of four Trichoderma strains
against plant pathogens Sclerotium rolfsii, Sclero-
tionia sclerotiorum, Fusarium solani, and Rhizoc-
tonia solani was studied. The authors found [38]
that the plant pathogen Sclerotium rolfsii was
almost completely inhibited by all Trichoderma
strains. In contrast to it, Sclerotionia sclerotio-
rum was resistant to Trichoderma: the range of
the growth inhibition of this plant pathogen did
not exceed 22%. The Trichoderma strains were
somewhat more active against Rhizoctonia solani
with growth inhibition of plant pathogen rang-
ing from 29—66%. The most active strain TS 215
inhibited the growth of E solani by only 63%; the
other strains were less active. Comparing these
data with our results, it should be concluded
that the studied by us strains were more active.
Thus, 26 strains of Trichoderma inhibited the
growth of the plant pathogen E solani by more
than 60%. In particular, strains 2932, 3107, Nol,
No7A, 3112, and 3109 showed a high level of ac-
tivity against this plant pathogen and delayed its
growth by 70% and more. The most active strains
were two strains 2932 and No7A, which delayed
the growth of E solani by 79%.

In addition, studied in our work Trichoderma
strains were also active against the plant patho-
gen Rhizoctonia solani. In particular, 13 strains
inhibited the growth of plant pathogen by 90% or
more, the most active of them were strains 3087,
3102, and 3099, which inhibited the growth of
Rhizoctonia solani by 96%. The Trichoderma
strains were also active against Sclerotionia scle-
rotiorum. In particular, 18 strains of Trichoder-
ma inhibited the growth of this plant pathogen
by 90% and more. This indicates unequivocally a
very high level of antagonistic activity of Tricho-
derma strains against Sclerotionia sclerotiorum.

Therefore, our results are consistent with the
data of the other researchers on the high anti-
fungal potential of the genus Trichoderma. At
the same time, our study allows one to expand
our understanding of the antagonistic potential
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of fungi of the genus Trichoderma. The involve-
ment of a wide range of test cultures of plant
pathogens of different species, as well as 100
strains of Trichoderma allowed a more objective
and systematic assessment of the antagonistic
potential of fungi of this genus. In particular, the
comparison of our data with the results of oth-
er scientists [39] showed that the involvement
of a small number of test fungi and Trichoder-
ma strains (only four strains) can lead to some
incorrect conclusions. Thus, the authors found
that their studied Trichoderma strains were in-
active against Sclerotionia sclerotiorum, Rhizoc-
tonia solani, and E solani. At the same time, our
studies showed the high antifungal potential
of Trichoderma strains against the above plant
pathogens. A large number of studied by us
Trichoderma strains showed a high antagonism
level, but some strains were less active.

It was empirically established that antagonis-
tic activity of the studied strains increases with
increasing spore formation levels. This pattern
may have a significant prognostic effect at the
level of pre-selection of potentially active an-
tagonists among Trichoderma strains. We can
assume that a higher level of sporulation of our
studied Trichoderma strains is related to a higher
level of antifungal activity.

Conclusions. Thus, our study of the action of
the wide range of Trichoderma strains against test
cultures of plant pathogens of different species
showed that the fungi of the genus Trichoder-
ma are effective antagonists of plant pathogenic
fungi. The 38% of Trichoderma strains showed
a high level of antifungal action and inhibited
the growth of plant pathogens by 70% and more.
Only 12% of strains showed less than 50% activ-
ity. In addition, 35% of Trichoderma strains were
active against all eight tested plant pathogen
test cultures. The significant number of studied
Trichoderma strains was highly active, and thus
they can be used as a basis for further research
to obtain effective biological control agents for
plant pathogenic micromycetes [40].
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IITAMUW TRICHODERMA — AHTATOHICTHU ®ITOITATOTEHHMX MIKPOMILIETIB

Bupu pony Trichoderma BinoMmi K ImponyueHTM 6ararbox 6i0/IOriYHO aKTUBHUX PEYOBMH, 30KpeMa (epMeHTIB,
IO 3HAJIIIM CBOE IPAaKTUYHE 3aCTOCYBaHHA y 6araTbox raayssax npoMmmciaoBocTi. [Topan 3 1yuM, akTUBHI IuTa-
mu pony Trichoderma 3acTOCOBYIOTD sIK areHTH 6i0JIOTiYHOrO0 KOHTPOIIO (iTOMATOreHHNMX MIKpOMIleTiB. 3aBsi-
KU pAAY ocobnuBocTelt (BICOKa MBUAKICTb POCTY; CMHTe3 KOMIUIEKCY XiTMHOMTHYHUX QepMeHTIiB; CUHTE3 BTO-
PUHHMX MeTaOOJIiTIB 3 aHTU(YHTAIBHOIO aKTUBHICTIO), 1TamMu Trichoderma spatHi fyxe eeKTUBHO MPOSIBIIATU
aHTAroHiCTMYHI BracTuBOCTI mwono ¢ditomaroreHis. Tak, BucokoakTusHi mwramu p. Trichoderma ycmiurso 3acto-
COBYIOTb Ji/IsI KOHTPOJIIO (iTONATOreHHNUX i3074TiB popnis Fusarium, Alternaria, Botrytis, Sclerotinia, Verticillium,
Pythium Ta iH. MeTa. OLiHNTN aHTaroHicTMYHY akTUBHICTh 100 mramis pony Trichoderma mono BocbMM TecT-
KyIbTYp (iTomaToreHHUX MiKpoMileTiB pisHUX BMUAIB i BiniOpaTy HaOIbII aKTUBHI IITaMM JyIA HOJAIBIINX KO-
CmimKeHb ixHiX ¢isionoriunux BractusBocTeil. Merogu. Kynsrypn gocinimkennx rpubis momepegHbo BUPOIyBa-
JIM Ha KapTOIUIAHO-I/IIOKO3HOMY arapi. [Iy11 BM3HaueHHA aHTArOHICTUYHOI aKTUBHOCTI rpubis pony Trichoderma
oo (iTomaToreHHNX rpubiB BUKOPUCTOBYBAIM 3ara/IbHOMPUITHATAN MeTOR, AyanbHOI Kymbrypu. O6uucio-
Ba/IU BIICOTKM IHTiOYBaHHsS POCTy (iTOIATOreHIB i Ha OCHOBI I[UX 3HAa4YeHb POOMIM BUCHOBOK IIPO aKTUBHICThb
I[O0 HUX INTaMiB-aHTAroHICTiB. [/ cTatucTaHOI 06po6KY faHMX BUKOpUCTOBYBany maketu Microsoft Excel Ta
Origin 8.0 (OriginLab). Pe3ynpraTi. 3a pesynbraTaMu IpPOBeLEHOTO HOCTIIKEHHS aHTarOHICTUYHOI aKTUBHOC-
ti wramis Trichoderma nportu ¢diTonmaToreHHNX MiKpoMileTiB, 3aramoM 0y0 IOKasaHO, 1O IITaM¥ MAalOTb BHU-
COKUII piBeHDb aHTU(YHIaIbHOI aKTUBHOCTI. Tak, HaibiIbII YncenpHy rpymry (38 %) 3 ycix mOoCIifKeHUX mTaMiB
Trichoderma cxnapgany «BUCOKOAKTMBHI» InTamy, fAKi iHribysamm pict ¢iromarorenis Bix 70 go 80 %. Ipyry 3a
YMCeIBHICTIO TPyILy (27 %) IITaMiB CKIA/Ja/IN «CEPEFHbOAKTIBHI» IITAMIL 3 BIICOTKOM iHTiOyBaHH: iTomaroreH-
HMX TecT-KynbTyp 60—70 %. HaiimMeHury 3a uncenbHicTio (6 %), ale HailOiIbIl aKTUBHY TPYIy CKIaJaay «Hali-
aKTUBHIII» MITaMK i3 cepefHIM SHAYEHHSIM BifcOTKa iHribyBaHH: 6inbIue 80 %. OTxe, Maibke Tpu uBepTti (71 %)
mocmimkeHux mramis Trichoderma mposBIsIIM BUCOKNUI piBeHb aHTATOHICTUYHOI aKTUBHOCTI IIpoTH (iTomaTore-
HiB 3 iHri6yBanHAM 6inbire 60 %. [Topsy 3 uum, e 17 % wmramiB Trichoderma 6ymu «ManoakTMBHUMM» i 12 %
IITaMiB IPOAB/IAIN HEJOCTATHIil piBeHb aKTMBHOCTI 1070 iHTiOyBaHHA pocTy diTomaroreHis — MeHiIe 3a 50 %.
Takox crmif 3a3HauuTH, 1wo 35 % mramiB Trichoderma mpoOsABSIIM aKTUBHICTD I[OJI0 BCIX BOCBMU HOCTIKEHUX
TeCcT-KyIbTyp ¢iTomaToreHHnx Mikpomineris. Bucnosku. Jocnimxeni mramu Trichoderma MaroTh 3HAYHMIT aHTa-
TOHICTMYHUII IIOTEHIIia/I AK IIPOTY OKpeMMX IITaMiB (iTOmaTOreHHNX MiKpOMiLleTiB, TaK i IpOTH yCix mocmimxe-
HMX (iTomaToreHiB. 3ayueHHs MMPOKOrO CIEKTPY TeCT-KYIbTYP (iTOMATOreHiB PisHUX BUAIB, @ TAKOK 3HAYHOL
kinbkocrti (100) mramiB pony Trichoderma no3Bonumo 6iblil 06’ €KTUBHO i CUCTEMHO OL[HUTU aHTArOHICTUYHMUI
noTeHIian rpubiB uboro poxy. OTKe, Hallle JOCTIPKEHHA Ail IMPOKOro cieKTpy mrtaMiB Trichoderma Ha TecT-
KY/IBTYpM PisHMX BUAIB ITOKa3aso, mo rpubu pony Trichoderma e edekTMBHUMM aHTaroHicTaMM iTOMATOTeHHUX
rpu6iB. 38 % mramiB Trichoderma mokasanu BUCOKUI piBeHDb aHTU(YHTaIbHOI aKTUBHOCTI i IPUTHIYyBamu picT
¢itonarorenis Ha 70 % i 6inbre. JIvmre 12 % mramiB BuABmMIM HIDK4Y 3a 50 % akTuBHICTb. Kpim Toro, 35 % mrra-
MmiB Trichoderma 6ynu akTVBHI IPOTH yCiX BOCbMU TeCT-KYIbTYp ¢irTomaroreHis. 3Ha4yHa KiJIbKiCTbh ZOCTIIKEHUX
mtamis Trichoderma BUsIBIIACS BICOKOAKTUBHOIO, i BOHM MOXXYTb OyTU BUKOPUCTAHI SIK OCHOBA J/IsI IIOfA/IBIINX
HOCII/KEHb 3 METOI0 OTPUMAHHSI epeKTUBHIX 3aC06iB 610/I0TiYHOTO KOHTPOIIO (PiTOMATOTeHHIX MIKPOMIIIETiB.

Kntouoei cnoea: wimamu Trichoderma, anmaconizm, imonamozenni mikpominemu, mikonapasumusm, 6ioKoH-
Mpono.
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