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Abstract. Fungi from the genus Alternaria Nees are new harmful grapes 
mycopathogens; they are a part of the necrotic leaf spot pathocomplex. The 
disease intensive development leads to more than 50% necrotisation of the 
leaf surface, leaving no leaf on the plant by the end of the growing season. 
An alternative to chemical protection against the disease is the use of 
biocontrol agents. For this purpose, the screening of fungal antagonist strains 
from the collection of the laboratory of the biological method of the Federal 
scientific center «V.S. Pustovoit All-Russian Research Institute of Oil 
crops» (FSBSI «FSC «ARRIOC») was carried out in relation to the 
causative agent of necrotic leaf spot of grapes Alternaria sp. by the dual 
cultures method on two nutrient media – potato-sucrose agar and Rudakov’s 
agar. Of the 27 fungal strains that were screened for the antagonistic activity 
to 425-3 Alternaria sp. 17 strains showed the activity. Of these, 12 strains 
competed for feeding area and exhibited hyperparasitism. Strains A-1 and I-
3 Basidiomycota, Tr-1 Trichothecium sp. and all strains of Trichoderma sp. 
showed the greatest antagonistic activity on both media. 

1 Introduction 

The specialists’ interest of all over the world does not fade away in studies of the leaf spots 
etiology in agricultural crops caused by pathogenic species of the genus Alternaria Nees on 
cereals, oilseeds, many vegetable and fruit plantations [1]. For grapes, these fungi are new 
mycopathogens that are part of the necrotic leaf spot pathocomplex [2, 3]. In the Western 
Ciscaucasia vineyards, in recent years, the disease has been observed mainly in interspecific 
hybrids. Necrotic leaf spot is regarded to be harmful. Due to a decrease in the photosynthetic 
activity of grape plants, the yield from a bush can decrease by 18-27% and sugar in berries 
lowers by 6.1-9.1%, as well. Chemical fungicides used to protect grapes from mycopathogens 
not only worsen the ecological situation of perennial agrocenoses, but can also be phytotoxic. 
In addition, there are reports of the appearance in populations of pathogenic fungi Alternaria 
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resistant to chemical fungicides [4, 5]. While implementing an ecological approach to 
reducing morbidity, the best alternative is the use of biological control agents. 

Currently, the search for effective fungal antagonist strains is aptly relevant [6-8]. Studies 
of biological activity have shown that strains of various Trichoderma species inhibit the 
growth of Alternaria fungal pathogens [9]. For example, in an experiment presented by 
Indian scientists in 2015 [10], in dual cultures with the onion pathogen Alternaria porri, a 
strong suppression of the mycelium pathogen growth by strains of Trichoderma viride Pers. 
(76.55%) and Trichoderma harzianum Rifai (70.74%) [10]. Another study established a high 
percentage of growth inhibition of the tomato pathogen Alternaria solani Sorauer by the 
T. viride strain (77%) [11]. Kayim et.al. (2018) showed that the T. harzianum antagonist 
inhibited the growth of the leaf spot pathogen A. alternata by 53.85-82.81% [12]. 
Trichoderma asperellum strains exhibited high hyperparasitic activity against Alternaria 
fungi [13]. 

2 Materials and methods 
The objects of research were grape leaves with symptoms of necrotic leaf spot, Alternaria sp. 
isolates, and fungal strains collection of the FSBSI «FSC «ARRIOC» biological method 
laboratory. The place of research is the laboratory of the biomedical method of the FSBSI 
«FSC «ARRIOC». 

Alternaria sp. mycopathogen was isolated from the necrotic leaf spot pathocomplex of 
grapes – Alternaria sp. (isolate 425-3). To isolate the fungi, we used standard microbiological 
techniques – incubating in moisture chambers in Petri dish and in agarized nutrient media [14]. 

To determine the antagonistic activity of fungal strains, the method of dual cultures was 
used [15]. The growth of the pathogen and antagonist as a percentage of the Petri dish area 
(competition for the feeding area) and the nature of their interaction were noted: the presence 
of a growth retardation zone of the test object as a result of antibiotic substances or hydrolytic 
enzymes release by the antagonist (sterile zone, mm); antagonist growth per pathogen colony 
(hyperparasitic zone, cm2). The experiment was repeated four times. 

3 Results and discussions 

On Rudakov's agar, the isolate of the causative agent of necrotic leaf spot Alternaria sp. 
occupied 89.3% of the nutrient medium surface for ten days of cultivation. Of the 27 fungal 
strains, 17 strains showed antagonistic activity to the causative agent of necrotic leaf spot 
after ten days of cultivation in a dual culture on Rudakov's agar. Of these, 12 strains exhibited 
an active competition for the feeding area and hyperparasitism.  

Being a part of the FSBSI «FSC «ARRIOC» fungal strains collection all strains from the 
Trichoderma sp. genus, A-1 and I-3 Basidiomycota strains, Tr-1 Trichothecium sp. showed 
the antagonistic activity against the causative agent of necrotic leaf spot. (Table 1). 

Table 1. Antagonistic activity of antagonist fungi strains against the causative agent of 
Alternaria sp., the necrotic leaf spot of grape, at temperature of 25 ºС on Rudakov's agar, on the 10th 

day of cultivation 

Strain of antagonist 

Area of the nutrient medium 
surface colonization 

Hyperparasitic zone, cm2 
Antagonist Pathogen 

% % 
Alternaria sp.(control) - 89.3 - 

Competition for the feeding area with hyperparasitism 
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surface colonization 
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% % 
Alternaria sp.(control) - 89.3 - 

Competition for the feeding area with hyperparasitism 

Strain of antagonist 

Area of the nutrient medium 
surface colonization 

Hyperparasitic zone, cm2 
Antagonist Pathogen 

% % 
Т-4 Trichoderma sp. 100 19.3 15.6 
Т-5 Trichoderma sp. 100 20.0 16.2 
Т-3 Trichoderma sp.  100 21.7 17.6 
Т-1 Trichoderma sp. 100 21.9 17.7 
Т-2 Trichoderma sp. 100 23.7 19.2 
Tr-1 Trichothecium sp. 100 44.6 36.1 
А-1 Basidiomycota sp. 100 46.0 37.3 
Tk-1 Trichoderma sp. 85.6 50.5 32.5 
И-3 Basidiomycota sp. 88.9 44.6 29.5 
An-1 Aspergillus sp. 70.0 37.5 7.8 
SM-1 Sordaria sp. 79.7 20.4 1.4 
Ma-1 Metarhizium sp. 75.2 25.9 0.9 
Pr-1 Penicillium sp. 26.3 54.2 3.7 
Хк-3 Chaetomium sp.  51.7 54.4 3.4 
Хк-1 Chaetomium sp. 47.3 55.6 3.5 
Pf-1 Penicillium sp. 20.0 61.2 3.0 
Хк-4 Chaetomium sp. 47.8 56.8 1.9 

A group of six strains belonging to the genus Trichoderma (Tk-1, T-1, T-2, T-3, T-4, T-
5 Trichoderma sp.) showed the greatest ability to compete for feeding area in relation to the 
pathogen necrotic leaf spot in combination with complete overgrowth of the pathogen with 
an antagonist (hyperparasitism) (Fig. 1). 

 
Fig. 1. Antagonistic activity of fungal strains from the genus Trichoderma to the causative agent of 
necrotic leaf spot on grapes after 10 days of cultivation on Rudakov's agar: A – Tk-1 Trichoderma 
sp., B – T-1 Trichoderma sp.; C – T-2 Trichoderma sp.; D – T-3 Trichoderma sp.; E – T-4 
Trichoderma sp.; F – T-5 Trichoderma sp. a – antagonist; b – pathogen. 

On potato sucrose agar (PSA), a causative agent isolate of the necrotic leaf spot 
Alternaria sp. occupied 100% surface of the nutrient medium within ten days of cultivation 
(Table 2).  
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Table 2. Antagonistic activity of Alternaria sp. antagonist fungi strains to the causative agent 
of necrotic leaf spot of grapes, at a temperature of 25 ºС on PSA, on the 10th day of cultivation 

Strain of antagonist 

Area of the nutrient medium 
surface colonization S, cm2 K1, mm 

Antagonist Pathogen 
% % 

Alternaria sp. (контроль) - 100 -  
Competition for the feeding area with hyperparasitism and antibiosis 

A-1 Вasidiomycota 100.0 52.7 42.7 0 
Т-2 Trichoderma sp. 100.0 38.1 30.9 7.0 
Т-4 Trichoderma sp. 96.2 29.4 15.6 26.2 
Tr-1 Trichothecium sp. 91.7 42.8 25.7 0 
Tk-1 Trichoderma sp. 88.0 45.4 25.1 0 
Т-1 Trichoderma sp. 87.3 47.3 27.0 4.5 
Т-3 Trichoderma sp.  77.8 41.7 18.1 13.0 
Т-5 Trichoderma sp. 79.5 40.2 16.8 8.0 
SM-1 Sordaria sp. 80.5 19.5 0.6 0 

Antagonist suppression by pathogen 
Рk-1 Penicillium sp. 41.5 62.2 4.0 0 
Pv-3 Penicillium sp. 37.9 55.1 3.5 0 
Хк-3 Chaetomium sp. 44.1 57.3 2.4 0 

Note: S is the area of the hyperparasitic zone; K1 – the size of the sterile zone 

The antagonistic activity of antagonist strains on PSA medium was found to be somewhat 
different from the one on Rudakov's agar. The overgrowth area of the nutrient medium with 
antagonists was much smaller, while the pathogen managed to occupy 19.5-69.5%. The 
maximum competition for feeding area (100%) and hyperparasitism were observed in A-
1 Basidiomycota (42.7%) and T-2 Trichoderma sp. (30.9%). 

Other strains of the genus Trichoderma (T-1, Tk-1, T-3, T-5 Trichoderma sp.) also 
showed a high competitive activity (77.8-96.2%), and hyperparasitism (15.6-27.0 cm2). In 
addition, four strains of this genus had a pronounced antibiosis; the maximum sterile zone 
was found in strains T-3 and T-4 Trichoderma sp. (fig. 2 C, D, E, F). 

 
Fig. 2. Antagonistic activity of fungal strains from the genus Trichoderma to the causative agent of 
necrotic leaf spot on grapes after 10 days cultivation on potato-sucrose agar: A – Tk-1 Trichoderma 
sp .; B – T-1 Trichoderma sp.; C – T-2 Trichoderma sp.; D – T-3 Trichoderma sp.; E – T-4 
Trichoderma sp.; F – T-5 Trichoderma sp. a – antagonist;  
b – pathogen. 
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4 Conclusion 
A-1 and I-3 Basidiomycota strains, Tr-1 Trichothecium sp. and all strains of Trichoderma sp. 
can be considered as promising antagonists for further field trials. T-1, Tk-1, T-3, T-5 
Trichoderma sp. strains can be used as producers of antibiotic substances against the fungi 
Alternaria sp., because when cultivated in a dual culture, they caused the pathogen growth 
retardation zone (sterile zone). 
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