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Abstract. A4 study of the antimicrobial activity of Trichoderma strains
against Bacillus strains to determine the possibility of their compatibility in a
biotechnological preparation was conducted. It was found that Trichoderma
strains inhibited the growth of Bacillus strains with antimicrobial activity that
were isolated from environmental objects, however, towards commercial strains
(B. amyloliquefaciens QST 713 and B. subtilis M-22 VIZR), Trichoderma strains
were neutral. Based on the obtained results, a combination of strains for the
development of a new drug to protect plants from phytopathogenic fungi is
proposed.
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Introduction. To create a modern biotechnological drug, a consortium is
most often used. Consortium is a microbial association of two or more
microorganisms, which can be archaea, fungi, bacteria, viruses or algae [7].

A combination of Trichoderma spp. and Bacillus spp. is one of the most
commonly used for biological control of phytopathogens [2, 4, 5]. However, in
this case, direct or indirect interactions between different biological agents may
occur, which may lead to a negative or positive effect on the effectiveness of the
biopreparation [6].

Therefore, we investigated the antagonistic activity of Trichoderma
strains against different strains of the genus Bacillus obtained from different
sources.

Materials and methods. To study the antagonistic activity of strains of
Trichoderma against strains of microorganisms, some Bacillus strains obtained
from different sources were used. Bacillus megaterium 1LBX.001, Bacillus
circulans LBX-003, Bacillus subtilis LBX-288, Trichoderma viride 1LBX-174
(working name Trichoderma viride No. 8) and Trichoderma harzianum
LBX-181 (working name Trichoderma harzianum No. 9) from the museum of
enterprise «Scientific production association "Agrobioinovatika"y; Bacillus
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megaterium MV B-7168 from the preparation "Biophosphorin"; Bacillus
amyloliquefaciens QST 713 from the fungicide "Serenada ASO SC" ; Bacillus
subtilis M-22 VIZR from the drug "Ghamair"; Bacillus subtilis ONU 559 from
collection of the Department of Microbiology, Virology and Microbiology of
Odesa I.I. Mechnikov National University.

Bacillus strains were cultivated on MPA medium. Trichoderma strains
were cultivated on Sabouraud's and MPA media.

To evaluate the antagonistic activity of micromycetes, the method of mixed
(counter) cultures was used [3]. Petri plates with Sabouro and MPA nutrient
media were inoculated with microorganisms at the opposite poles: 7. viride No.
8 and 7. harzianum No. 9 against Bacillus strains.

The results were calculated on the 5th day of cultivation at a temperature
of 28 °C.

Results and discussion. According to the results shown in Table 1, we
can see that the tested Trichoderma strains showed high antagonistic activity
against B. megaterium LBX.001 and B. circulans LBX-003 strains. It should be
noted that when MPA medium was used, the level of antagonistic activity of
Trichoderma strains was somewhat lower (Table 1).

Table 1

Antagonistic activity of 7. viride No. 8 and T. harzianum No. 9 strains
against Bacillus strains

Medium MPA Medium Sabouro
Test strai
o5t SHais T. viride T. harzianum T. viride T. harzianum

Ne 8 Ne 9 Ne & Ne 9
B. megaterium ++ ++ +++ +++
B. subtilis M-22 B3P n n n n
B. subtilis ONU 559 ++ ++ +++ 44+
B. amyloliquefaciens n n n n
QST 713
B. megaterium MB n ++ +++ +++
B-7168
B. subtilis LBX-288 n ++ et A+
B. circulans LBX-003 ++ ++ ++ ++

Note: n — neutralism; ++ weak antagonism; +++ strong antagonism

A similar pattern was observed when studying the effect of Trichoderma
strains on B. subtilis LBX-288 (Table 1).
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The strain B. subtilis ONU 559, isolated from the bottom sediments of the
Black Sea, showed high antimicrobial activity against conditionally pathogenic
microorganisms [1]. However, in co-cultivation with strains of 7. viride No. 8
and 7. harzianum No. 9, the antagonistic effect of fungi against B. subtilis ONU
559 was recorded (Table 1).

Towards the B. circulans LBX-003 strain, the level of antagonistic
activity of strains 7. viride No. 8 and T. harzianum No. 9 was defined as "weak
antagonistic activity" (Table 1).

Towards B. amyloliquefaciens QST 713 and B. subtilis M-22 VIZR
strains, both Trichoderma strains demonstrated neutrality (Table 1).

The B. megaterium MV B-7168 strain is sensitive to the antagonistic
activity of 7 viride No. 8 and T. harzianum No. 9 strains under the conditions of
their co-cultivation on Sabouraud's medium (Table 1).

When conducting this series of experiments, we also investigated the
presence of mutual antagonistic activity of Bacillus strains. The obtained results

are shown in the table 2.
Table 2

Mutual antagonistic activity of Bacillus strains

St Strains Marking:
n - neutralism
2 3 4 5 6 + - antagonism
++ ++ - antagonism with admiration
// - bilateral antagonism

rai

ns

Strains

1. B. megaterium LBX.001

2. B. subtilis M-22 BU3P

3. B. subtilis ONU 559

4. B. amyloliquefaciens QST 713
5

6

B. megaterium MB B-7168
. B. subtilis LBX-288

As we can see, according to the above results, the strain B. subtilis ONU
559 was neutral to most strains, as were the strains B. megaterium MV B-7168
and B. subtilis LBX-288 (Table 2). The strain B. amyloliquefaciens QST 713
showed bilateral antagonism when it was co-cultivated with the strain B. subtilis
LBX-288. The strain B. subtilis M-22 VIZR showed antagonistic activity
against the strain B. subtilis ONU 559 and antagonism with capture against the
strain B. megaterium LBX.001 (Table 2).
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Conclusions

1. T viride No. 8 and T. harzianum No. 9 strains showed strong
antagonistic activity against microorganisms of the genus Bacillus. Strains
isolated from natural sources (B. subtilis ONU 559, B. megaterium LBX.001, B.
subtilis LBX-288 and B. circulans LBX-003) were not resistant to the
antimicrobial activity of Trichoderma strains, unlike commercial strains (5.
amyloliquefaciens QST 713 and B. subtilis M-22 VIZR).

2. The proposed consortium for the creation of a new biotechnological
drug is T. viride No. 8 or T harzianum No. 9 + B. amyloliquefaciens QST 713.
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AHoTanifn. [Ilposedeno oocniodcenus aHMUMIKPOOHOI aKMUBHOCMI
wmamie Trichoderma no ioHowenno 00 wmamié Bacillus 3 memor
BUSHAYEHHSL MONCIUBOCMI IX cyMicHOCmI 8 biomexHono2iuHom)y npenapami. byno
BCMAHOBIEHO, WO WMAMU MPUXooepmu npueHivysaiu picm wmamis Bacillus 3
AHMUMIKDOOHOK aKmMuHicmio, sKi 01U i301b08aHi 3 00 €KMI68 HABKOIUUUHbO2O
cepedoguwa, OOHAK NO BIOHOWEHHIO 00 KomepyiuHux wmamie (B.
amyloliquefaciens QST 713 ma B. subtilis M-22 BU3P) wmamu mpuxodepmu
oynu netimpanoHumu. Ha ocHosi ompumaHux pesyivmamié 3anponoHOBAHO
KOMOIHaYi0 wmamie 0Jisi po3poOKu HO8020 npenapamy OJisl 3aXUCmy pOCiuH 8i0
Gimonamozennux epuois.

Kurw4oBi cioBa: anmaeonicmuuna axkmueHicms, CYMICHICMb UWMAMIE,
KOHCOpYiyM, OI0MexXHON02IYHULL npenapam.
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