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Aim. To isolate and identify bacteria with antagonist properties for biocontrol of the agents of bacterial diseases of 
soryz (Sorghum oryzoidum) and sorghum crops. Methods. The studies were conducted in 2021-2023. Spore-forming 
bacteria were isolated from the soryz samples, collected in the fi elds of the experimental farm of the Uman National 
Horticulture University (Cherkasy region, Uman). Lactic acid bacteria were isolated from soryz plants, collected in 
the private land plot, located between the villages of Teolyn, Vladyslavchyk, Kniazhyky in Monastyryshche com-
munity, Uman district, where Pershotravneve hamlet used to be situated. A total of 1,250 samples were analyzed. 
The experiment had three repeats. Spore-forming and lactic acid bacteria were isolated from the surface of soryz 
plants on the fi rm ripe stage in summer while isolating phytopathogenic bacteria. The isolates of lactic acid bacteria-
antagonists were also isolated from the inner part of winter stubble stalk of soryz, collected from the tilled fi eld. The 
antagonistic activity of the strains of lactic acid bacteria and spore-forming bacteria, isolated from different ecological 
niches, to phytopathogens of soryz and sorghum crops was determined in vitro. The strains of Pseudomonas syringae, 
the agents of soryz bacterial spots, were used as test-cultures: 211141a, 211141, 210341, 21034, and 210521, along 
with the collection strains of phytopathogens: Pseudomonas syringae 8299, Pseudomonas syringae subsp. syringae 
UKM B-1021, X. oryzae 8375, Dickeya chrysanthemi 8683, Diskeya chryzanthemi 8683. The antagonistic activity of 
the extracted isolates of spore-forming and lactic acid bacteria was studied using the method of radial strokes (joint 
cultivation of the antagonist and the strains under investigation). The bacterial isolates were deemed inactive if the 
growth delay zone was 0–5 mm (–), from 5 to 10 mm (+) – low activity, 11–20 mm (++) – moderate activity, over 20 
mm (+++) – high activity regarding the test-cultures. To check the effect of the isolate-antagonist of phytopathogenic 
bacteria, artifi cial infecting was conducted in the fi eld conditions. For this purpose, a diurnal culture of the antagonist 
was introduced into the stalk of plants in the concentration of 1×108 colony-forming units, and 24 h later, a culture of 
test-strain of the phytopathogen was administered above the previous puncture. The results were evaluated 7–14 days 
after the artifi cial infection. The experiment had three repeats. The isolates of bacteria which demonstrated their an-
tagonistic properties regarding the phytopathogenic bacteria were identifi ed by their morphological properties, Gram 
staining, catalase test, profi le of carbohydrate fermentation and mass-spectrometry (MALDI-TOF – Matrix Assisted 
Laser Desorption/Ionization) using VITEK MS mass-spectrometer. Results. Thirty-eight spore-forming bacterial iso-
lates were extracted from soryz; among these, 21030, 21095, 21040, ASV1, ASV3, B4 demonstrated their antagonistic 
activity towards the investigated phytopathogenic bacteria. Isolate 21040 showed high antagonistic activity to most 
test-strains of P. syringae from soryz (the zone of negative culture – 23–30 mm) and lower activity regarding the 
collection cultures. Isolates B4 and AVS3 demonstrated their selective activity regarding the investigated phytopatho-
gens. Twenty isolates of lactic acid bacteria were extracted. Higher antagonistic activity was noted for the isolates of 
lactic acid bacteria 8/1 and F1 to the strains of P. syr ingae, isolated from soryz and collection cultures. The highest 
antagonistic activity of isolate 8/1 was noted regarding test-strains of P. syringae 210521 and X. oryzae 8375 (the 
zone of negative culture – 40–35 mm). In the fi eld conditions, the treatment of sorghum plants with F1 affected the 
pathological process that developed due to the impact of the phytopathogenic bacteria P. syringae, which led to the 
reduction in disease symptoms. The taxonomic position of the isolates of bacteria, which seem to be promising for 
the control of disease agents, was determined. In terms of morphology of cells and colonies, the biochemical profi le, 
and mass-spectrometry MALDI-TOF, the spore-forming isolates 21040 and B4 were identifi ed as Bacillus subtilis, 
and ASV3 – as Bacillus vallismortis. The identifi ed isolates of lactic acid bacteria were Lactobacillus pentosus F1 
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INTRODUCTION

Agriculture is an important branch of economy. The 
diseases of crops, caused by bacterial pathogens, result 
in serious limitations to agricultural production and 
lead to considerable annual losses on the global scale 
(Sundin et al, 2016). Traditional agriculture uses chem-
ical fertilizers and pesticides to enhance performance 
and to control disease agents and pests. However, 
the increase in their application impacts the ecologi-
cal equilibrium and safety of food products and is the 
main factor of environmental pollution (Ra man et al, 
2022). Th erefore, as an alternative to chemical prepara-
tions, researchers pay great attention to the elaboration 
of ecologic methods of protection against crop disease 
agents, using microbial preparations, based on differ-
ent species of microorganisms and their metabolites 
(Bergsma et al, 2022).

Among bacteria-antagonists of plant disease agents, 
special attention is paid to the spore-forming bacteria 
of genus Bacillus. The se bacteria are characterized 
with high viability in the environment, they are toler-
ant to anthropogenic effects and are technological both 
in production and application. The bacteria of Bacillus 
group are microorganisms, inhabiting a number of vari-
ous environments. They are well-known producers of a 
wide spectrum of antagonistic compounds of different 
structure and cover from 5 to 8 % of the total genome, 
designated for the biosynthesis of secondary metabo-
lites. The strains of Bacillus genus demonstrate their 
ability to conduct biocontrol mainly via the inhibition 
of the growth of plant pathogens and triggering of sys-
temic resistance in plants and competing with plant 
pathogens for ecologic niches (Fira et al, 2018).

The foundation of biopreparations for the biocon-
trol of disease agents consists of the representatives of 
rhizosphere microorganisms of genus Bacillus, which 
demonstrate high antagonistic activity regarding the 
phytopathogenic microorganisms due to the synthe-
sis of exo metabolites of different nature – antibiotics, 
bacterial toxins, volatile organic substances, biosurfac-
tants (Compant et al, 2005), ph ytohormones and vita-

mins (Araújo et al, 2005; Chen et al, 2010), which have 
a positive impact on the growth and development of 
plants and protect them from phytopathogenic micro-
organisms.

The Bacillus bacteria colonize the rhizosphere of 
plants, and the root exometabolites, released by plants, 
serve as nutrients for bacteria (Saharan et al, 2011).

Seve ral researchers demonstrated high antagonistic 
activity of Bacillus bacteria to the agents of fungal 
and bacterial diseases of plants (Lapa et al, 2005; 
Drahovoz et al, 2014; Hrabova et al, 2015). It was 
demonstrated that Bacillus bacteria inhibit the devel-
opment of the infection, caused by Clavibacter michi-
ganensis subsp. michiganensis on tomatoes. The pre-
sowing treatment of the seeds with the suspensions 
of Baci llus subtilis IMV B-7023 and Bacillus pumilus 
3 enhanced the resistance of plants to bacterial can-
cer, which could have occurred due to the synthesis 
of biologically active substances with anti microbial 
properties by these bacteria. A considerable stimulat-
ing effect on the growth and development of tomatoes 
was ensured by the strain of B. subtilis IMV B-7023, 
which is a component of bacterial preparations for 
plant production (Roi et al, 2012).

The antagonistic activity is also notable for sapro-
trophic strains of Bacillus, isolated from the surface of 
green leaves of root artichoke. It was determined that 
the strain of Bacillus subtilis UzNU-18 demonstrated 
high antagonistic activity to phytopathogenic fungi and 
phytopathogenic bacteria (Davr anov et al, 2019).

A relevant role in the study of antagonist microbes 
is also attributed to lactic acid bacteria. The distribu-
tion of lactic acid bacteria (LAB) in soil is minimal and 
not dominant, but they are considered to be promising 
candidates for agriculture, promote plant health, and 
soil fertility. Thus, they are closely considered for the 
purposes of sustainable agriculture. LAB metabolites 
promote the growth of plants and stimulate the growth 
of shoots and roots. As fertilizers, they may promote 
biod ecomposition, increase the content of organic sub-
stances in soil and produce metabolites of organic acids 
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the upper and lower parts of the stalk closer to the root, 
after cutting off the upper part of the stalk (Fig. 2, b).

Higher antagonistic a ctivity was manifested by the ex-
tracted isolates of lactic acid bacteria 8/1 and F1 (Table 2).

The highest antagonistic activity of isolate 8/1 was 
noted regarding test strains of P. syringae 210521 and 
X. oryzae 8375 (zone of negative culture – 40–35 mm). 

The isolate 8/1 demonstrated high antagonistic activity 
regarding strains P. syringae 211141a (30 mm), 211141 
(20 mm), 210341 (30 mm), and was moderately active 
regarding Dickeya chrysanthemi 8683 (11 mm). High 
antagonistic activity was registered regarding the col-
lection strains of X. oryzae 8375 and P. syringae subsp. 
syringae UKM B-1021.

Table 1. The antagonistic activity of spore-forming isolates towards the agents of bacterial diseases

Agent Strain
Negative culture zones (in mm) at the effect of spore-forming isolates

21030 21040 21095 ASV1 ASV3 B4

Bacteria strains, isolated from soryz

P. syringae
P. syringae
P. syringae
P. syringae
P. syringae

210521
211141a
211141
210341
21034

15
14
13
10
0

30
23
4
18
25

20
13
5
10

23 BA

13
11
6
10
0

16
10
7
0

23 BA

21
18
5
0
30

Collection strains of bacteria

Dickeya chrysanthemi 
X. oryzae 
P. syringae subsp. syringae
syringae 

8683
8375

UKM B-1021
8299

20
18
3
0

20
18
0
3

12
12
0
5

12
16
0
0

5
0
0

23 BA

10
12
0
0

Note: “BA” – bacteriostatic action.

Fig. 1. The antagonistic effect of spore-forming bacteria: a – Bacillus sub tilis 21040, b – B. subtilis B4 regarding phytopatho-
genic bacteria: 1 – P. syringae 2 11141a, 2 – P. syringae 210521, 3 – P. syringae 8299, 4 – P. syringae 8548, 5 – X. oryzae 
8375, 6 – Diskeya chryzanthemi 8683, 7 – P. syringae 210341, 8 – P. syringae 211141






















