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Abstract. Antagonism of fungi of the genus Trichoderma and various 
phytopathogenic fungi was investigated. The strains of the genus 
Trichoderma, which have potential value for the production of biological 
products for plant protection, have been identified. The highest fungicidal 
activity among the tested strains is shown by T. asperellum, which 
determines the prospects of using this strain as a biofungicide. The 
investigations were carried out in the research laboratory of the Peasant 
Farm “Tsirulev E.P.”  

1 Introduction 
Improvement of agricultural production and accelerated rates of scientific and technological 
progress expand the degree of human impact on the biosphere as a whole, and especially on 
agricultural biocenosis. Intensification of the methods of cultivation of agricultural crops 
leads to a shift in the balance between microorganisms towards pathogens. Abiotic and 
biotic factors of the environment can influence many properties of the soil, primarily its 
biological activity and fertility. Violation of crop cultivation technology, unjustified use of 
various plant protection products, as well as unfavourable environmental factors can lead to 
the accumulation of a large complex of pathogenic microbiota in the soil (species of the pp. 
Fusarium, Ophiobolus, Gibellina, Rhizoctonia, Phomopsis, Verticillium, Rhizopus, 
Pythium, Alternaria, Cercosporella and others) [1]. 

Plant residues that get into the soil during harvesting, affected by phytopathogens, are 
the main sources of accumulation, and consequently result in the infection of plants. 
The harmfulness of phytopathogenic fungi in soil and on plant residues is reduced by 
suppressor microorganisms. Suppressor microorganisms include representatives of fungi of 
the genus Trichoderma and certain species of the genus Penicillium and genus 
Aspergillus [2]. 

Due to their unique growth and physiological properties, these fungi play an important 
role in the formation of microbiocenoses of the rhizosphere and soil, growth and 
development of plants, and they also play an important role in increasing soil fertility. By 
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suppressing the density of the soil phytopathogenic population, saprotrophic fungi increase 
its suppressiveness [2]. 

A huge amount of factual material has been accumulated on the use of fungi of the 
genus Trichoderma as producers of biologically active substances used in agriculture [3-7]. 
Fungi of the genus Trichoderma produce a series of metabolites that increase plant 
resistance to phytopathogens. In addition, fungi of the genus Trichoderma secrete enzymes 
that destroy the cell wall of fungi, with some strains exhibiting hyper parasitism – they 
actively penetrate with their hyphae inside the hyphae of phytopathogenic fungi and 
suppress their growth [8, 9]. 

The stimulating effect of fungi of the genus Trichoderma on the growth and 
development of plants is well known. This is provided by the release of auxins, which are 
also important in the direct formation of symbiotic relations between the fungus and the 
plant, regulation of the activity of a number of enzymes, and the synthesis of secondary 
metabolites by the fungus. However, the ability to synthesize auxins in different species 
varies by tens and hundreds of times [10]. 

In addition to choosing a biocontrol agent and studying its ability to synthesize enzymes 
or toxins that affect the productivity of plant growth and protection, it is necessary to select 
correctly the optimal composition of the nutrient medium for the cultivation of biological 
agents. It is the composition of the nutrient medium that affects the metabolism of 
microorganisms, increasing the yield of various compounds [11]. 

2 Materials and methods 
One of the components of the comprehensive monitoring of the soil cover is the 
microbiological assessment of the state of the soils of the studied territories. In this case, 
researchers, as a rule, determine the number of pathogenic microorganisms and their 
antagonists [12]. 
 All strains (Trichoderma asperellum, Trichoderma crassum, Trichoderma 
arundinaceum) where extracted from the soil and identified by type/sort, using Ribosome 
gene order conservation analysis in the Kurchatov National Research Center. 

Research objects: phytopathogens – Alternaria sp., Phoma sp. (ⅠV hazard class), 
Colletotrichum coccodes; antagonists (ⅠV hazard class) – Trichoderma asperellum, 
Trichoderma crassum, Trichoderma arundinaceum [13]. 

All strains of antagonists and phytopathogens were isolated from the soil by the serial 
dilution method [14, 15]. Soil sampling was carried out directly in the fields of the farm, in 
accordance with the methods of sampling and preparation of samples for chemical, 
bacteriological, helminthological analysis [16]. 

Identification of antagonist strains to a species based on analysis of the sequence of 
ribosomal genes was carried out at the Kurchatov National Research Center. 

Preparation of potato glucose agar includes the following steps: 200 g of washed, peeled 
and sliced potatoes were placed into 1000 ml of distilled water and boiled for 40 minutes, 
then filtered. Water is added to the filtered liquid to 1000 ml and 20 g of agar-agar and 20 g 
of glucose are added and heated until the agar is completely melted [17]. 

Determination of antagonistic properties was carried out by the method of agar blocks. 
On the surface of dense potato-glucose agar in vitro, discs of phytopathogen and antagonist 
cultures were applied from two opposite sides (Fig. 1) [18]. 
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Fig. 1. Scheme of the experiment 

 
The dishes were incubated in a thermostat under the conditions required for these types 

of cultures – 25° C, aerobically, for 14 days. 

3 Results and discussion 
Possible antagonistic activity was determined by the presence of the zone of inhibition of 
the growth of the phytopathogen culture, or by the manifestation of hyperparasitism by the 
antagonist. 

 
Fig. 2. Antagonistic activity of the fungus Trichoderma asperellum relative to some phytopathogenic 
microorganisms 
 

The investigation of the antagonistic activity of the fungus Trichoderma asperellum 
showed a high degree of hyperparasitism against the phytopathogens Alternaria sp. and 
Colletotrichum coccodes. Intense inhibition is observed in a Petri dish with a culture of the 
phytopathogen Phoma sp. (Fig. 2). 
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Fig. 3. Antagonistic activity of the fungus Trichoderma crassum against some phytopathogenic 
microorganisms 
 

The largest zone of antagonistic activity of the fungus Trichoderma crassum is observed 
in experiments with Alternaria sp. and Phoma sp. The phenomenon of hyperparasitism was 
noted in relation to the Colletotrichum coccodes culture (Fig. 3). 

 
Fig. 4. Antagonistic activity of the fungus Trichoderma arundinaceum relative to some 
phytopathogenic microorganisms 

 
The hyperparasitic activity of Trichoderma arundinaceum is observed in the experiment 

with Colletotrichum coccodes. In relation to other types of phytopathogens, a weak 
antagonistic effect was revealed (Fig. 4). 

Analyzing the results obtained, it can be seen that of all the declared antagonists, only 
the Trichoderma asperellum strain exhibits mycoparasitic antagonism against two 
phytopathogenic fungi - Alternaria sp. and Colletotrichum coccodes. These antagonists 
colonize the pathogen cultures as a result of competition for nutrient sources. The strains of 
Trichoderma arundinaceum and Trichoderma crassum show their antagonistic properties 
differently. 

The largest zone of suppression of the growth of phytopathogens is shown by 
Trichoderma crassum and Trichoderma arundinaceum relative to Alternaria sp.; in relation 
to the culture of Colletotrichum coccodes, these antagonist strains exhibit an identical 
antagonism character – mycoparasitic. This method of antagonistic activity is most likely 
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associated with the manifestation of antibiotic properties against phytopathogens, which 
proves the presence of biologically active substances in fungi of the genus Trichoderma. It 
should be noted that in relation to the Phoma sp. all investigated strains show the weakest 
antagonistic effect. 

Thus, the main mechanisms of biocontrol of phytopathogens by antagonists, which 
include the studied species, include competition for ecological niches, food sources, and 
production of substances of an antibiotic nature. 

For the production of biological products, the selected antagonist microorganism strain 
must have a complex of characteristics: good survival rate and adaptation to the conditions 
of the rhizosphere of plants and those ecosystems in which it will be used. For open 
agrocenoses, the strain should have a wide range of optimal parameters for its development 
– pH, temperature and humidity [19]. This is a further direction in the study of the 
properties of the strains Trichoderma asperellum, Trichoderma crassum, Trichoderma 
arundinaceum. 

4 Conclusions 
Fungi of the genus Trichoderma and some phytopathogens were isolated from the soil and 
identified. The study determined experimentally the biologically active substances that 
exhibit its properties against the most common pathogens of agricultural plant diseases – 
Alternaria sp., Phoma sp. and Colletotrichum coccodes. It was found that the strain of 
Trichoderma asperellum has the greatest antagonistic and hyperparasitic activity. 

Against Alternaria sp. it is more expedient to use the Trichoderma asperellum strain, 
and against Colletotrichum coccodes, all the antagonist strains showed the same 
mycoparasitic effect. However, against Phoma sp. other antagonist strains should be sought. 
 
This work was carried out as part of a comprehensive scientific and technical project "Development 
of breeding and seed production of potatoes in the Samara region."  
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