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ANTIBACTERIAL ACTIVITY OF DIFFERENT
STRAINS OF THE GENUS TRICHODERMA

The main pathogens causing plant diseases are bacteria, viruses, and fungi. A number of strategies are usually used for
plant protection and control of pathogenic microorganisms. The main interest of researchers is focused on the develop-
ment of alternative synthetic chemicals to control bacterial diseases of plants. Among such approaches, biological control
of bacterial diseases using agents such as antagonistic fungi and some other microorganisms is considered to be one of
the most effective strategies. Species of the genus Trichoderma are known for their antagonistic activity against plant
pathogenic fungi and bacteria and can be an effective safety strategy to control them. An important peculiarity of fungi
of this genus is their ability to inhibit target pathogenic organisms without harming non-target (beneficial) microorgan-
isms. The study of the antagonistic activity of fungi of the genus Trichoderma was conducted mainly against pathogenic
fungi of agricultural plants. At the same time, the study of the antibacterial activity of fungi of this genus has attracted
much less attention. Therefore, the aim of our work was to determine the antibacterial activity of microscopic fungi
of the genus Trichoderma against test cultures of bacteria causing pathogenesis of agricultural plants. Methods. The
objects of research were 100 fungal strains of the genus Trichoderma and six economically important plant pathogenic
bacteria such as Pseudomonas syringae UCM B-1027", Pseudomonas fluorescens 8573, Pectobacterium carotovorum
UCM B-10957, Xanthomonas campestris pv. campestris UCM B-1049, Clavibacter michiganensis subsp. michiganensis
10, and Agrobacterium tumefaciens UCM B-1000. Cultures of the studied fungi were grown on potato-dextrose agar.
The antagonistic activity of fungi of the genus Trichoderma against plant pathogenic bacteria was studied using the
conventional method of diffusion in agar and method of dual culture. The antibacterial activity of culture filtrates of
Trichoderma strains was evaluated via the zone of growth inhibition of plant pathogenic bacteria. The percentages of
growth inhibition of plant pathogenic bacteria were calculated, and the antagonistic activity of strains was concluded
on the basis of the obtained values. Results. In general, the studied Trichoderma strains had the antagonistic activity
against plant pathogenic bacteria. Using method of diffusion in agar, it was shown that among the 100 studied Tricho-
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derma strains, 12 had the effect of growth inhibition (bacteriostatic effect) of all six studied species of pathogenic bacte-
ria; 20 strains inhibited the growth of five ones, 36 — four, 12 — three, and 7 — of two strains. The strains with a wide
spectrum of antibacterial activity were studied by the double culture method. This made it possible to demonstrate the
high selectivity of the antagonistic effect of Trichoderma strains on individual test cultures of phytopathogenic bacteria.
For example, strain No7A inhibited the growth of C. michiganensis subsp. michiganensis 102 by 47% and the growth of
P syringae UCM B-1027T by 30%, while the zones of growth inhibition of these test cultures, determined by the method
of diffusion in agar, were 5 and 6 mm, respectively. Conclusions. The obtained results indicated the potential and overall
ability of Trichoderma strains to biologically control bacterial pathogens. The most promising for the use of plant patho-
genic bacteria as agents for biocontrol were strains F-60, 1515, and 320, which were active against all studied bacteria.
Such strains may have the potential as a preventive biocontrol agent of plant pathogens with a wide range of action. On
the other hand, Trichoderma strains with high activity against certain pathogens may have the potential to be used as a

control agent against a specific target pathogen.

Keywords: Trichoderma strains, antagonism, plant pathogenic bacteria, biocontrol.

The plant pathogenic microorganisms such as
fungi, bacteria, and viruses cause the pathogen-
esis of plants. Different strategies have been used
to prevent and control plant diseases. Today,
the main strategy for the control of agricultural
plant pathogens is the use of chemical substanc-
es. Excessive use of agrochemicals in agriculture
has led to pollution of the environment and eco-
system, which requires significant changes in the
use of pesticides. Currently, in the world, strict
rules for the use of chemical pesticides are being
developed, and special programs are used for re-
moving the most dangerous chemicals from the
market. Due to the constant and excessive use of
chemical preparations for plant protection, the
process of adaptation and development of new
resistant races of plant pathogenic microorgan-
isms is observed [1].

Therefore, the main aim of the researchers
is to study and develop new methods to con-
trol plant diseases. Antagonistic fungi (AF) and
some other microorganisms are considered to be
most effective strategies to control bacterial dis-
eases. AF includes various species of fungi that
effectively counteract plant diseases of fungal
and bacterial etiology. In addition, they can play
the important role of regulators of various physi-
ological pathways of plants and their interaction
with microorganisms in general [2].

Species of the genus Trichoderma are known for
their antagonistic activity against plant pathogen-
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ic microorganisms [3]. The effective use of fungi
of this genus against bacterial pathogens can be
a safe strategy to address global food security is-
sues. On the other hand, there is a steady trend in
the world for the development of organic farming.
Ukraine is among the top five countries in terms
of the pace of development of organic agriculture
which is the most export-oriented branch of agri-
culture and therefore needs to find new effective
agents of biological control of plant pathogens [4].
Notably, many studies (up to 90%) related to
the use of AF for the treatment of plant diseases
have been conducted using different strains of
microscopic fungi of the genus Trichoderma.
The successful use of Trichoderma species as bio-
control agents is due to their ability to survive
in various adverse conditions, high reproductive
capacity (high growth rate, intensity of sporula-
tion), efficient use of nutrient sources, ability to
positively affect the composition of the rhizo-
sphere, and strong antagonism against patho-
genic fungi and bacteria. An important peculiar-
ity of fungi of this genus is their ability to inhibit
target pathogenic organisms without harming
non-target (beneficial) microorganisms [5].
Trichoderma species are opportunistic plant
colonizers that trigger host-induced systemic re-
sistance and can also trigger systemic acquired
resistance. Root and leaf colonization by Tricho-
derma can pre-activate (prime) plant defense,
enabling robust plant responses to subsequent
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pathogen challenges. Priming accelerates the
plant’s immune system via activating the defens-
es to best cope with a wide range of biotic and
abiotic stresses [6].

Such physiological features determine the
ability of Trichoderma strains to exist in a vari-
ety of econiches. Among the representatives of
the genus Trichoderma species of T. asperellum,
T. viride, T. harzianum, T. virens, and T. hama-
tum are characterized by high antagonistic ac-
tivity against plant pathogens. Based on the abil-
ity of these fungi to control the development
of pathogenic microorganisms, a large number
of commercial preparations based on different
species of Trichoderma have been developed.
Among them, the most used biocontrol agents
against plant pathogens are T. parareesei T6,
T. asperellum T25 and T34, and T. harzianum
T22. However, these strains are not able to dem-
onstrate a high level of effectiveness in control-
ling pathogenic bacteria. Therefore, the search
for new strains with antibacterial activity is of
considerable scientific and practical interest [7].

The study of antagonistic activity of fungi of
the genus Trichoderma was conducted mainly
against pathogenic fungi of agricultural plants.
At the same time, the study of antibacterial ac-
tivity of fungi of this genus has received much
less attention. Therefore, the aim of our work

was to determine the antibacterial activity of mi-
croscopic fungi of the genus Trichoderma against
test cultures of bacteria causing pathogenesis of
agricultural plants.

Materials and methods. The objects of re-
search were 100 strains of the genus Trichoderma
fungi that were obtained from the culture collec-
tion of microscopic fungi of the Department of
Physiology and Taxonomy of Micromycetes of
Zabolotnyi Institute of Microbiology and Virol-
ogy of NAS of Ukraine (IMV NASU). Test strains
of phytopathogenic bacteria were obtained from
the Ukrainian Collection of Microorganisms
(UCM) and the culture collection of plant patho-
genic bacteria of the Department of Phytopatho-
genic Bacteria of the IMV NASU (Table 1).

The antagonistic activity of fungi of the genus
Trichoderma against plant pathogenic bacteria
was determined using the conventional agar well
diffusion and dual culture methods [8, 9].

Method of diffusion in agar. The antibacterial
activity of culture filtrates (CF) of Trichoderma
strains was determined by the method of diftu-
sion in agar [8]. Microscopic fungi of the genus
Trichoderma were preliminarily grown on potato-
dextrose agar (PDA) in Petri dishes at a tempera-
ture of 26 + 2 °C for 10—14 days. A standard sus-
pension (1 x 10° conidia/mL) was then prepared
and added to the Czapek liquid medium that con-

Table 1. The studied cultures of plant pathogenic bacteria

No Test organism Strain Plant pathogenic properties
1 | Pseudomonas syringae UCM B-1027" | Spotting a wide range of agricultural and flo-
wering plants
2 | Pseudomonas fluorescens 8573 Spots and soft rot
Pectobacterium carotovorum UCM B-1095" | Rot of many species of agricultural and flowe-

4 | Xanthomonas campestris pv. campestris UCM B-1049 | Vascular bacteriosis of a wide range of agri-

5 | Clavibacter michiganensis subsp. michiganensis 10, Bacterial cancer of tomatoes and other night-
shades (Solanaceae), brown spot of pepper
6 | Agrobacterium tumefaciens UCM B-1000 | Tumours and necrosis of crops

ring plants

cultural plants
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Fig. 1. Quantitative distribution of
strains of microscopic fungi of the genus
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tained 20 g/L of glucose [8]. Micromycetes were
grown in 750 mL Erlenmeyer flasks under static
conditions at 26 + 2 °C for 21 days. After cultiva-
tion, the fungal mycelium was separated by filtra-
tion through ashless paper filters (blue tape).

Test bacteria were cultured on potato agar (PA)
at a temperature of 26 + 2°C for 24 hours. After
that, a bacterial suspension (1-10° cells/mL) was
prepared according to the turbidity standard.
20 mL of PA was added to Petri dishes, cooled,and
1 mL of bacterial suspension was spread on top
of agar (bacterial lawn technique). A sterile cork
borer was used to cut holes with a diameter of 8
mm in agar, where 100 pL of CF of Trichoderma
strains was added. Sterile distilled water was used
as a control. Petri dishes were incubated at a tem-
perature of 26 + 2°C for 2—5 days.

The antibacterial activity of CF of Trichoder-
ma strains was evaluated by the zone of growth
inhibition of plant pathogenic bacteria [10].

The method of dual culture. According to the
results of the method of diffusion in agar, the most
active antagonistic strains of Trichoderma were
preliminarily grown on PDA as described earlier.

The conventional method of dual culture [11]
was used to determine the antagonistic activity of
fungi of the genus Trichoderma against plant patho-
genic bacteria. An inoculum (5 x 5 mm) from the
edge of the colony of each Trichoderma strain was
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Number of sensetive test cultures to the Trihoderma action

Trichoderma by the activity against the
studied bacterial pathogens

used to inoculate standard Petri dishes (9 cm diam-
eter) with Czapek agar medium (20 mL/dish).

The inoculum (3 x3 mm) of a test strain of phyto-
pathogenic bacteria was placed at a distance of 3 cm
from the edge of the Petri dish. The studied Tricho-
derma strain was inoculated at a distance of 3 cm
from the edge of the opposite side of this Petri dish.
The distance between the sites inoculated with the
plant pathogenic bacteria and Trichoderma strains
was 3 cm apart. In control Petri dishes, appropriate
test strains of plant pathogenic bacteria were cul-
tured without an antagonistic Trichoderma strain.

Incubation of the studied fungi and bacteria
was carried out at a temperature of 26 + 2 °C for
2—7 days. The percentage of growth inhibition
of plant pathogenic bacteria by the antagonistic
Trichoderma strains was evaluated [12].

All assays were performed in three indepen-
dent experiments. The obtained data were pro-
cessed statistically using Microsoft Excel and
Origin 8.0 (OriginLab). Differences in averages
were considered significant at a level of P<0.05.
Data on inhibition level were analyzed for nor-
mality with the analytical methods Shapiro-Wilk
and Kolmogorov-Smirnov using trial version
Prism (GraphPad Software).

Results. The results of our study indicated that
different Trichoderma strains had the potential to
inhibit the growth of six economically important
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plant pathogenic bacteria: Pseudomonas syringae
UCM B-1027%, Pseudomonas fluorescens 8573,
Pectobacterium carotovorum UCM B-1095, Xan-
thomonas campestris pv. campestris UCM B-1049,
Clavibacter michiganensis subsp. michiganensis
10, and Agrobacterium tumefaciens UCM B-1000.

Among the 100 studied Trichoderma strains,
12 showed the effect of growth inhibition (bacte-
riostatic effect) of all six studied species of patho-
genic bacteria; 20 strains inhibited the growth of
five ones, 36 — four, 12 — three, and 7 — of two
strains (Table 2, Fig. 1).

Table 2. Antibacterial activity of fungi of the genus Trichoderma

ISSN 1028-0987. Microbiological Journal. 2022. (4)

Zone of growth inhibition (mm)

No Trichoderma strains

1 2 3 4 5 6
1 3089 7.0£0.5 0 2.0+£0.2 17.0£0.9 18.0+£1.0 3.0+£0.2
2 3077 4.0+0.3 2.0+£0.3 0 5.0+0.2 0 0
3 3083 1+£0.2 0 0 5.0+0.3 10.0+£1.0 0
4 3074 0 0 0 7.0+£0.3 6.0+£0.7 0
5 3067 0 0 2.0£0.3 9.0£0.7 7.0+£0.6 0
6 3064 5.0+£0.4 3.0+£0.3 0 3.0+£0.2 3.0+04 0
7 3062 8.0£0.5 14.0+£0.6 5.0+£04 16.0+£0.8 18.0+£0.9 4.0+£04
8 3082 4.0£0.3 0 0 0 5.0+£04 0
9 3072 2.0£0.2 0 0 7.0+£0.6 2.0+£0.2 0
10 3087 2.0£0.1 0 0 6.0£0.5 0 0
11 3066 3.0£0.5 0 3.0+£04 13.0+£0.8 18.0+£0.8 4.0£0.3
12 3057 10.0+0.8 6.0+0.4 2.0+0.2 16.0+1.0 9.0+0.7 0
13 3059 2.0+£0.2 3.0+£0.3 4.0+0.3 11.0+£1.0 12.0£0.9 1.0£0.2
14 3070 2.0+£0.1 0 0 4.0+£0.3 6.0£0.4 0
15 344 9.0+£0.8 0 7.0+£0.6 3.0+£04 5.0+0.3 0
16 3102 8.0+£0.7 2.0+£0.3 6.0£0.5 4.0£0.3 5.0+0.5 8.0+£0.6
17 3100 6.0£0.7 0 4.0£0.3 3.0£04 5.0+0.5 0
18 3099 7.0£0.8 0 6.0£0.5 5.0+0.6 6.0+£0.6 0
19 3091 5.0+£0.6 0 0 7.0+£0.6 0 0
20 2925 6.0£0.7 11.0+£0.9 4.0£0.3 17.0£1.0 14.0+£0.8 3.0+£0.4
21 3093 9.0+£0.8 0 8.0+£0.7 7.0+£0.6 10.0+£1.0 0
22 3104 9.0£1.0 0 7.0+£0.9 6.0£0.4 7.0+£0.7 0
23 2928 3.0£04 0 4.0£0.5 5.0+0.3 19.0+1.1 2.0+0.1
24 3101 8.0+£0.6 0 7.0+£0.6 6.0+£0.5 7.0+£04 0
25 3103 7.0+£0.8 0 4.0+0.3 5.0+04 4.0+0.3 0
26 2932 5.0+£0.3 10+0.8 6.0£0.4 11.0+£1.0 16.0+£1.0 2.0£0.2
27 3107 7.0+£0.5 0 3.0+£0.2 5.0+04 5.0+0.3 0
28 2916 15.0+1.1 7.0£0.6 4.0£0.3 16.0+£0.9 20.0+1.5 0
29 3096 8.0+£0.6 0 2.0£0.1 4.0£0.6 3.0+0.1 0
30 3105 4.0£0.2 0 5.0+0.3 3.0+£0.2 6.0£0.4 0
31 1602 2.0£0.2 0 0 4.0£0.3 8.0+£0.7 0
32 3094 4.0+04 0 6.0£0.4 4.0£0.2 4.0£0.3 0
33 2768 7.0£0.6 0 6.0£0.6 6.0£0.5 7.0+£0.5 0
34 1242 9.0£0.8 5.0+0.2 1.0£0.2 14.0+£1.0 7.0+£0.6 0
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Continuation of Table 2.

Zone of growth inhibition (mm)

No Trichoderma strains

1 2 3 4 5 6
35 1662 11.0£1.0 8.0+£0.5 8.0+£0.6 12.0+£0.9 12.0+£0.9 0
36 368 0 0 0 7.0+£0.8 2.0+£0.1 0
37 843 5.0+0.4 6.0+£0.4 3.0+£0.4 12.0+0.8 14.0+1.1 1.0£0.2
38 2930 5.0+£0.5 0 1.0£0.2 7.0£0.6 0 0
39 1299 2.0+£0.2 0 3.0+£0.2 10.0+1.0 16.0+1.1 0
40 904 4.0£0.3 0 3.0+£04 8.0+£0.7 0 0
41 3121 4.0+0.2 0 6.0£0.6 5.0+£0.4 6.0£0.8 0
42 3126 6.0£0.5 0 9.0+£0.8 5.0+£0.5 7.0£0.6 0
43 3124 6.0£0.4 0 7.0£0.6 4.0£0.2 7.0+£0.7 0
44 3120 0 0 4.0£0.5 4.0+0.3 3.0£0.2 0
45 3122 8.0+£0.6 0 5.0+£0.4 7.0£0.5 6.0£0.5 0
46 3127 3.0+0.4 0 8.0+0.6 9.0+0.8 5.0+0.6 0
47 3128 6.0+0.3 0 9.0+0.8 6.0+0.7 4.0+0.2 0
48 3123 9.0+0.9 0 7.0+£0.7 5.0+£0.6 9.0+£0.8 0
49 3125 4.0+0.3 0 4.0+0.3 4.0+0.2 6.0£0.5 0
50 3097 3.0+£0.4 0 2.0£0.2 3.0£0.2 4.0£0.2 0
51 2924 7.0£0.5 0 9.0£0.9 5.0+0.4 6.0+£0.7 0
52 2455 8.0+£0.7 0 6.0£0.6 2.0£0.1 9.0£1.0 0
53 1243 8.0+£0.6 0 9.0£0.9 2.0£0.2 7.0£0.8 0
54 Nol 8.0+£0.7 7.0£0.5 2.0£0.1 5.0+£0.4 7.0+£0.7 1.0£0.2
55 No3 4.0£0.2 0 5.0+£0.4 8.0+£0.6 2.0£0.1 0
56 No5 6.0£0.3 0 4.0£0.2 4.0£0.5 5.0+£0.3 0
57 No6 8.0+£0.5 0 7.0£0.8 8.0+£0.6 9.0£0.5 0
58 No7A 6.0£0.5 0 4.0+0.3 5.0+£0.4 6.0+£0.4 0
59 3112 8.0+0.7 0 6.0+0.4 5.0+0.6 9.0+0.8 0
60 3117 4.0+0.3 3.0+£0.3 2.0+£0.1 2.0+£0.3 4.0+0.5 0
61 3108 9.0+£0.8 0 3.0+£0.3 4.0+£0.3 7.0+£0.7 0
62 3109 9.0£1.0 0 8.0£0.9 7.0£0.5 8.0+£0.6 0
63 3115 2.0+£0.2 6.0£0.5 4.0+0.2 3.0+£04 3.0+£04 0
64 16p 3.0+£0.4 4.0£0.3 1.0£0.1 1.0£0.2 3.0£0.3 0
65 3118 9.0£0.8 8.0+£0.9 7.0£0.6 4.0£0.3 8.0+£0.7 0
66 3113 9.0£1.0 7.0£0.6 5.0+£0.5 4.0£0.2 8.0+£0.8 0
67 3111 8.0+£1.0 0 5.0+£0.2 4.0+04 9.0£0.8 0
68 3116 10.0+£0.8 4.0£0.2 3.0£0.2 4.0£0.3 6.0£0.4 0
69 3058 5.0+£0.4 3.0+£0.1 1.0£0.1 6.0£0.6 9.0£0.8 0
70 3065 1.0+£0.2 0 2.0+0.2 11.0£1.0 13.0+0.9 2.0+0.1
71 3071 7.0+£0.5 0 0 16.0+1.1 14.0+1.0 0
72 3073 2.0+0.1 0 2.0+£0.2 11.0+0.8 0 0
73 3081 0 0 0 3.0+0.4 1.0+0.1 0
74 3084 4.0+0.2 2.0+0.1 3.0x0.5 8.0x+0.6 13.0£1.0 0
75 3085 1.0+£0.2 8.0£0.6 5.0+0.4 6.0x0.5 17.0£1.3 5.0£0.4
76 3088 5.0£0.4 0 0 8.0+0.7 4.0+0.2 0
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Continuation of Table 2.

Zone of growth inhibition (mm)

No Trichoderma strains

1 2 3 4 5 6
77 906 5.0+£0.5 3.0+£04 2.0+£0.2 10.0+£0.9 9.0+0.8 0
78 3010 5.0+£0.3 5.0+£04 2.0+£0.2 15.0+1.2 9.0+£0.7 0
79 3078 0 0 0 8.0+£0.7 5.0+0.2 0
80 3079 2.0£0.1 0 2.0+£0.1 12.0+£1.0 0 0
81 F-60 6.0£0.3 12.0+£0.8 10.0+£0.8 15.0+£1.2 18.0+1.1 6.0£0.3
82 1515 7.0+£0.6 14.0+£1.0 9.0+£0.7 12.0+£0.8 16.0+£0.9 5.0+0.2
83 2989 4.0£0.2 4.0+04 1.0£0.2 16.0+£1.0 9.0£0.6 0
84 320 10.0+1.0 2.0£0.2 4.0£0.3 12.0+£0.7 20.0+1.4 3.0+£0.1
85 2554 2.0+£0.2 0 2.0+£0.2 12.0+£0.9 12.0+1.1 1.0+£0.2
86 1302 10.0+£0.8 0 2.0+£0.2 12.0+£1.0 10.0+£0.8 0
87 2550 4.0£0.3 1.0£0.1 3.0+£04 13.0+1.1 16.0+£1.0 2.0£0.2

Note: 1—6 — Test cultures of phytopathogenic bacteria: 1 — Pseudomonas syringae UCM B-1027"; 2 — Pseudomonas
fluorescens 8573; 3 — Pectobacterium carotovorum UCM B-1095"; 4 — Xanthomonas campestris pv. campestris UCM
B-1049; 5 — Clavibacter michiganensis subsp. michiganensis 10, ; 6 — Agrobacterium tumefaciens UCM B-1000.

Table 2 contains data on the activity of Tricho-
derma strains against two and more test strains
of bacteria. Four strains (1244, 3349, No4, and
3063) of the genus Trichoderma did not show any
biological activity against the studied test cul-
tures of plant pathogenic bacteria. Nine Tricho-
derma strains demonstrated activity against only
one test culture. So, the antagonistic activity
against P. syringae UCM B-1027" was observed
for Trichoderma strains 3060, 3068, and 3095
with growth inhibition zones of 3 mm; against
P, fluorescens 8573 — for fungal strain 3076 (in-
hibition zone 7 mm); against X. campestris pv.
campestris UCM B-1049 — for fungal strains
3069, 3075, 2933, and No2 — with growth inhi-
bition zones of 10, 2, 2, and 6 mm respectively;
against C. michiganensis subsp. michiganensis
10, — for Trichoderma strain 3061 (2 mm).

The highest activity was observed against the
gram-positive bacterium C. michiganensis subsp.
michiganensis 10,; the most active were Tricho-
derma strains 320, 2916, 2928, 2915, 3066, 3062,
and 3089 (Table 2).

The highest activity against gram-negative
bacteria was showed for fungal strains: 3089,
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2925, 3062, 2989, 3071, 2916, and 3057 against
X. campestris UCM B-1049; 2916, and 1662
against P. syringae UCM B-1027%; 3062 and 1515
against P, fluorescens8573. At the same time, all
studied strains showed low antibacterial activity
against A. tumefaciens UCM B-1000 (Table 2).

Efficacy testing of candidate antagonists is an
essential part of each screening program. For the
selection of potential agents for the biocontrol
of phytopathogens, the method of primary se-
lection is important; for this purpose, agar well-
diffusion and dual culture methods are generally
accepted.

Microbial biological control agents (BCAs)
protect crops from damage by diseases via differ-
ent modes of action. BCAs may interact directly
with the pathogen in two ways, by mycoparasit-
ism or antibiosis [13]. If mycoparasitism plays
a major role in the antifungal activity, then the
production of antimicrobial secondary metabo-
lites with inhibiting effects is the main mode of
action on phytopathogenic bacteria. Therefore,
we used the method of diffusion in agar to de-
termine the antibacterial activity of Trichoderma
strains. Such a testing in dual cultures of patho-
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gen and candidate antagonist will result in the
selection of those candidates that produce toxins
secreted into the medium and cause growth in-
hibition of the pathogen. If the method of diffu-
sion in agar makes it possible to evaluate anti-
bacterial activity mainly by the inhibitory effect
of exometabolites, then the use of the dual cul-
ture method allows us to take into account more
complex interactions including competition for
nutrients sources and living space [14].

The dual culture method was used in the study
of Trichoderma strains, which had both a broad
and selective effect on the test strains of phy-
topathogenic bacteria. Table 3 shows the most
active Trichoderma strains against phytopatho-
genic bacteria determined by the dual culture
method (Table 3).

In general, the results obtained by the two
methods were comparable. This made it pos-
sible to demonstrate the high selectivity of the
antagonistic effect of Trichoderma strains on in-
dividual test cultures of phytopathogenic bacte-
ria (Fig. 3). For example, the Trichoderma strain
No7A inhibited the growth of C. michiganensis
subsp. michiganensis 10, by 47% and the growth
of P. syringae UCM B-1027T by 30%, while the

zones of growth inhibition of these test bacteria,
determined by the method of diffusion in agar,
were 5 and 6 mm, respectively (Table 2).

Discussion. The results of our study indi-
cated that Trichoderma strains had the poten-
tial to inhibit the growth of six economically
important plant pathogenic bacteria: P. syringae
UCM B-10277, P. fluorescens 8573, P. carotovo-
rum UCM B-1095T, X. campestris pv. campestris
UCM B-1049, C. michiganensis subsp. michi-
ganensis 10,, and A. tumefaciens UCM B-1000.
Notably, different Trichoderma species have also
been reported previously for the suppression of
phytopathogenic bacteria [15].

Earlier, in the studies of Trichoderma activity, a
number of authors concluded that gram-negative
bacteria were more sensitive to the antibacterial
action of Trichoderma species than Gram-positive
ones [16, 17]. As for our data, this conclusion is
not confirmed because most of the studied fun-
gal strains showed antibacterial activity against
C. michiganensis subsp. michiganensis 10,. Vizcai-
no etal. (2005), Sadykova et al. (2015), and Leylaie
et al. (2018) obtained similar results for the activ-
ity against C. michiganensis subsp. michiganensis
10, and other Gram-positive bacteria [15, 18, 19].

Table 3. Inhibition of the growth (%) of phytopathogenic bacteria

under the action of fungi of the genus Trichoderma

Test culture of phytopathogenic bacteria
No Trichoderma strain
1 2 3 4 5 6
1 2550 0 12.5 17 0 0 10
2 906 0 25 17 47 22 40
3 320 0 25 0 20 0 20
4 Nol 0 12.5 0 33 0 10
5 1515 0 25 17 33 11 10
6 F-60 0 12.5 0 20 0 23
7 3093 0 12.5 25 20 11 20
8 No7A 30 25 15 47 0 0

Note: 1—6 — Test cultures of phytopathogenic bacteria: 1 — Pseudomonas syringae UCM B-1027%; 2 — Pseudomonas
fluorescens 8573; 3 — Pectobacterium carotovorum UCM B-1095%; 4 — Xanthomonas campestris pv. campestris UCM
B-1049; 5 — Clavibacter michiganensis subsp. michiganensis 10,; 6 — Agrobacterium tumefaciens UCM B-1000.
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Control

Fig. 2. Determination of the antibacterial activity of Trichoderma strains (1 — 1515, 2 — F-60
and 3062) by the method of diffusion in agar using Pseudomonas fluorescens 8573: Control —

growth of bacteria with sterile distilled water

Control

Fig. 3. Determination of the antibacterial activity of Trichoderma strains (1 — No7A and 2 —
320) using the dual culture method against Pseudomonas syringae UCM B-1027". Control —
growth of bacterial pathogen without Trichoderma

In contrast to the antifungal activity of Tricho-
derma, where the main mechanism is mycopara-
sitism that is primarily due to the action of hydro-
lytic enzymes such as chitinases, glucanases, and
proteases, the antibacterial effect is mainly due to
secondary metabolites [20]. However, Khethr, et
al. (2008) concluded that the antibacterial effect of
Trichoderma hamatum metabolites against bacte-
ria of the genus Ruminococcus was most likely due
to two factors — inhibition of bacterial growth
and synthesis of cellulolytic enzymes [17].

Bioactive compounds of Trichoderma damage
bacterial cells by various mechanisms. Thus, al-
kaloids are able to inhibit important metabolic
enzymes or act as DNA intercalating agents.
Some flavonoids coagulate soluble proteins of

ISSN 1028-0987. Microbiological Journal. 2022. (4)

bacterial cells, including important enzymes,
via forming complexes with them. Other com-
pounds disrupt the structure of the bacterial cell
membrane or inhibit the synthesis of the cell
wall and nucleic acids [21—23].

It is known that Trichoderma strains are able
to synthesize more than 200 secondary me-
tabolites, among which diterpene compounds
showed high antibacterial activity [24, 25].

It should also be noted that most studies of the
antibacterial action of fungi of the genus Tricho-
derma were conducted with extracts obtained
using polar organic solvents such as methanol,
butanol, and ethyl acetate [15]. In this case, the
concentrations of active metabolites significantly
exceed the concentrations of these compounds
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in culture filtrates. Usually, the extracts are used
for purification, isolation, and identification of
active compounds that cause antagonistic activ-
ity. On the other hand, in vivo fungi synthesize
complexes of secondary metabolites of concen-
trations close to those on a solid medium, and
therefore the use of the method of diffusion in
agar allows for obtaining results that will be
more correlated with the biocontrol indicators
under natural conditions.

The butanol and ethyl acetate extracts of
such the most common Trichoderma species as
T. asperellum, T. viride, T. hamatum, T. koningii,
T. atroviride, T. harzianum, T. citrinoviride, and
T. longibrachiatum were reported to demonstrate
antibacterial activity against both gram-positive
bacteria Bacillus subtilis, B. mycoides, Micrococ-
cus luteus, including methicillin-resistant Staph-
ylococlaus aureus, and gram-negative bacteria
Escherichia coli and Comamonas terrigena [15].
The authors of this study pointed to the lack of
antibacterial activity of T. atroviride, T. longibra-
chiatum, and T. hamatum.

However, recent studies have refuted the con-
clusions about the lack of antibacterial activity
of these species. So, Leylaie et al. (2019) showed
that methanol and ethyl acetate extracts of spe-
cies such as T. asperellum, T. brevicompactum,
T. koningiopsis, and T. longibrachiatum had
high antibacterial activity against Gram-posi-
tive pathogenic bacteria Staphylococcus aureus,
Gram-negative Escherichia coli and plant patho-
gens, Gram-negative Ralstonia solanacearum
and Gram-positive C. michiganensis [19].

As mentioned earlier, the main mechanism
of antifungal activity of Trichoderma is myco-
parasitism, which is mainly due to the ability to
synthesize a complex of hydrolytic enzymes. In
the case of antibacterial activity, the main factor
is the ability to synthesize secondary metabolites
of various classes with antibiotic activity. It is be-
lieved that the main antibiotics produced by fun-
gi of the genus Trichoderma are peptaibols, which
have both antifungal and antibacterial actions.
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Until today, more than 1,000 of these fungal,
non-ribosomal peptides have been described in
the literature [26]. Peptaibols are naturally pro-
duced as a mixture of peptides that differ in some
amino acid positions. The most studied and com-
mercially available peptaibol is alamethicin — an
antibiotic peptide belonging to the class of mem-
brane-active peptides isolated from the fungus
T. viride. The extracts of peptaibols (atroviridins)
from T. atroviride O1 were found to have an in-
hibitory activity against Gram-positive bacteria,
namely methicillin-resistant S. aureus [27].

It was shown that T asperellum and T. longi-
brachiatum contain peptaibols and other antimi-
crobial peptides, which, in addition to antifun-
gal, have also antibacterial activity against M.
luteus. Similar results were obtained for Bacillus
subtilis in the study of peptaibols from T. pseu-
dokoningii [28, 29]. Species of the genus Tricho-
derma synthesized also specific peptaibols, such
as Trichoconin VI, VII, and AVIII, with antibac-
terial activity [30].

In addition to peptaibols, Trichoderma species
produce a number of other secondary metabolites
with antibacterial activity. For example, T. harzia-
num T23 is able to produce viridiofungin A (VFA)
that inhibits the growth of Erwinia amylovora
and C. michiganensis in vitro [30, 31]. Chen et al.
(2019) reported that diterpenes koninginols ex-
tracted from T. koningiopsis showed high antibac-
terial activity against B. subtilis and S. aureus [32].
T. atroviride synthesizes diterpene and sesquiter-
pene compounds with high antibacterial activity
against S. aureus, B. subtilis and M. luteus; among
them Harzianol I showed the highest activity [33].

To date, the most studied strains-agents
of biocontrol of fungal pathogens have been
T. parareesei T6, T. asperellum T25, and T. har-
zianum T34. However, these strains were not
able to demonstrate a high level of effectiveness
in controlling pathogenic bacteria [7]. Therefore,
further studies of selected strains with antibac-
terial activity are of considerable scientific and
practical interest.
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Notably, the antibacterial activity of Tricho-
derma strains as biocontrol agents can be im-
proved by optimizing the composition of the nu-
trient medium. Optimally selected composition
of the nutrient medium can lead to the synthesis
of higher concentrations of compounds with an-
tibacterial action. On the other hand, it is impor-
tant to conduct experiments in vivo to enhance
the effects of biological control due to the ability
of secondary metabolites of fungi of the genus
Trichoderma to induce systemic plant resistance
to pathogens (2, 34, 35].

Conclusions. The obtained results indicated
the potential and overall ability of Trichoderma
strains to biologically control bacterial pathogens.
The most promising for use as agents of biocon-
trol of plant pathogenic bacteria were strains F-60,
1515, and 320, which were active against all stud-
ied bacteria. Such strains may have the potential
as preventive biocontrol agents of plant pathogens
with a wide range of action. On the other hand,
Trichoderma strains with high activity against cer-
tain pathogens may have the potential to be used
for the biocontrol of a specific target pathogen.
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AHTUBAKTEPIAJIbBHA AKTHMBHICTD PISBHMX HITAMIB POIY TRICHODERMA

OcHoBHMMY 30YTHUKAaMY XBOPO6 pOCIMH € 6akTepii, Bipycu Ta rpy6u. I 3aXxucTy pocinH i KOHTPOJIIO TaTOTeH-
HIUX MiKpOOpTraHi3MiB 3a3B14ail BUKOPUCTOBYIOTh HU3KY cTpareriii. OCHOBHUII iHTepec JOCIiTHNUKIB 30CepemKeHo
Ha po3poOIii METOAIB, 110 € AJbTePHATUBOI0 CUHTETVIHUM XIMIYHIM PEYOBMHAM [ISI KOHTPOIIIO GaKTepiabHIX
xBOpo6 pocimH. Cepel TaKMX MIAXOiB OTHIE 3 Halle(EeKTUBHIIINX CTPATETII BBaXXAIOTDh 6i0MOTIYHNUIT KOHTPOIb
6akTepia/IbHUX XBOPOO 3a HOMOMOTOI0 TAKMX AreHTIiB 5K TPUOM-aHTArOHICTH, TaK 1 [esKi iHm MiKpoOpraHi3aMIiL.
Bupu pony Trichoderma BigoMi CBO€I0 aHTarOHICTUYHOIO aKTUBHICTIO IPOTH (iTomaToreHHNX rpubis i 6akrepiit
Ta MOXYTb OYTI e(heKTUBHOIO Oe3IEeYHOI0 CTpaTerielo iXHbOro KOHTPO/II0. BaXk/InBoI0 0co6MMBICTIO TPU6IB IIHOTO
PORY € IXHs 30aTHICTD IPUTHIYYBATH PIiCT MATOTeHHMX OpraHi3MiB-MillleHelt, He 3aBA04M LIKOAY HelliTbOBUM (KO-
pUcHMM) MiKpoopraHi3MaM. BYBYeHHsI aHTarOHICTMYHOI aKTMBHOCTI rpnbiB pony Trichoderma mpoBopunocs nepe-
Ba)KHO ITPOTYU NMATOTeHHMX TPH6iB CilbCHKOTOCIIONAPCHKUX POCTNH. Y TOJ 5Ke Jac JOCTi/PKeHHI0 aHTnbaKTepiab-
HOI aKTMBHOCTI IpM6iB IbOTO POy MpHU/IiIeHO 3HAYHO MeHIIIe yBary. ToMy MeToo Hamoi po6oTy 60 BUSHAUUTH
aHTHbaKTepia/bHy aKTUBHICTD MIKpPOCKOIIYHUX IpnbiB poxpy Trichoderma mopo TecT-KynbTyp 6axrepiit-30ygHu-
KiB XBOp06 cinbcpKorocnopapcbkux pocnud. Meropu. O6’exramu gocnimpkents 6ynmu 100 mwramis rpubis pogy
Trichoderma Ta mwicTh eKOHOMiYHO BaXk/MBUX (itomaroreHHnx 6Gakrepiit: Pseudomonas syringae YKM B-10277,
Pseudomonas fluorescens 8573, Pectobacterium carotovorum YKM B-1095%, Xanthomonas campestris pv. campestris
YKM B-1049, Clavibacter michiganensis subsp. michiganensis 10, i Agrobacterium tumefaciens YKM B-1000. Kynp-
TYpPU JOCTiI)KeHNX IprbiB BUPOIIyBalIU Ha KapTOIULTHO-IIIOKO3HOMY arapi. AHTaroHiCTUYHY aKTUBHICTb Tpuobis
pony Trichoderma npotu ¢iromnaroreHHux 6aKTepiit BUSHAYaIM TPARULITHUMY MeToROM Andy3ii B arap i MeTogoM
Iya/JIbHOI KyJIbTypy. AHTHOAKTepia/JbHy aKTUBHICTb KyIbTypanbHux ¢inprparis mramis Trichoderma ouinioBa-
IV 33 BEJIMYMHOI0 30H IIPUTHIYEHHS POCTY MATOT€HHMX OaKTepilt pocanH. PO3paxoByBaIM BiICOTKM IIPUTHIYEH-
Hs1 POCTY NATOTeHHMX GAaKTepiil POC/INH, Ha OCHOBI KOTPUX POOW/INM BMCHOBOK IIPO AHTATrOHICTUYHY aKTUBHICTDH
mtamiB. Pesymbratu. 3aranmom pocmimkeHi mramu Trichoderma mposiBUINM aHTaroHICTUYHY aKTUBHICTb HMPOTH
ditomatorenunx 6axrepiit. Metogom audysii B arap mokasaso, mo 12 3i 100 gocnimpxennx mwramis Trichoderma
npurHivyBanu picT (6axkrepiocTaTraHMII eeKT) YCiX MecTy JOCTIKeHNXK BUIB TaTOreHHNUX 6akTepiit; 20 mTamis
IPUTHIYYBamu picT AT WITaMiB, 36 — YOTUPBOX, 12 — TpboX i 7 — ABOX IITaMiB. MeTOIOM AyalnbHOI KY/IbTY-
PY JOCII/PKEHO IITaMH 3 IIMPOKYM CIEKTPOM aHTMOAKTepialbHOI akTUBHOCTI. 1]e ;03BOMIIIO IPOAeMOHCTPYBaTH
BUCOKY CE/IeKTUBHICTb aHTAroHicTMYHOI Aii mraMiB Trichoderma 1mopo oKpeMMX TecT-KyIbTyp (iTomaToreHHUx
6akrepiit. Hanpuxiaz, urram No7A npurHidysas pict C. michiganensis subsp. michiganensis 102 va 47% i P. syringae
YKM B-1027T —na 30%, a 30HM iHri6yBaHHS POCTY LUX TeCT-Ky/IbTYp, BU3HAYeHi MeTofoM fudysii B arap, cTa-
HOBWIN BifTIOBifHO 5 i 6 MM. BucHoBkM. OTpuMaHi pe3ynbrat CBigdaTh mpo 3aaTHicTb mtamis Trichoderma no
610710TiYHOr0 KOHTPO/IO GaKTepiambHNUX MaToreHiB. Hailbinpin mepcrieKTMBHUMM [/I BUKOPUCTAHHS SIK 3ac00iB
6iokoHTpOIO diTomaroreHHux 6axrepiit 6ynmm mramu F-60, 1515, 320, ki IpOsBIAM aKTUBHICTD IPOTH YCiX J0-
cnimkeHnx 6akrepiit. Taki mramMy MOXYTb MaTH ITOTEHLal K areHTV 6i0KOHTPOMIO (iTOMATOreHiB 3 MIMPOKUM
criekTpoM pii. 3 iHmoro 60ky, mramu Trichoderma 3 BUCOKOIO CeTIEKTYBHOIO aKTMBHICTIO IIPOTY [IeBHNUX [IATOT€HIB
€ IepCIIeKTUBHYIMU JJ11 BUKOPYICTAHHA SIK areHTiB 610KOHTPOJIIO II/TbOBOTO ITaTOreHa.

Kmiouosi cnosa: wmamu Trichoderma, anmaconism, pimonamozenni 6axmepii, 6iokoHmporo.
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