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Abstract. The effect of the biofungicide BFTIM KS-2, Zh on the 
development and spreading of the Alternaria alternata fungus on vegetable 
crops (tomato, pepper, eggplant) was studied using classical and modern 
methods of phytosanitary monitoring. The research was carried out in  
Krasnodar region in the Pavlovsky District, on the production fields of the 
ZAO Yubileinoye. To assess the development and spreading of the disease, 
the classical visual method was used, as well as a modern method for 
determining the congestion rate of plantings using the OZR-1mp spore 
trap.The article presents data on the development and spreading of A. 
alternata, the number of fungal spores on vegetable crops before and after 
treatments with the biofungicide. It was found that the use of the biological 
product reduces the development and spreading of the phytopathogen. Its 
influence is the most effective on tomato and eggplant crops. Also, in the 
course of research, the possibility of using a spore trap for monitoring 
Alternaria on vegetable crops has been shown. 

1 Introduction 

Vegetable crops provide the basis of the daily human diet, being a rich source of vitamins, 
enzymes, and mineral salts. Tomato (Solanum lycopersium Mill.), pepper (Capsicum annuum 
L.) and eggplant (Solanum melongena L.) all over the world, including Russia, are among 
the most cultivated and consumed vegetable crops [1-4]. So, for example, Krasnodar Krai is 
one of the leading regions of Russia in terms of area and production of tomato in open ground. 
In 2020, according to Rosstat, 893.4 thousand tons of tomato were produced in the industrial 
sector of vegetable growing in Russia on an area of 17.9 thousand hectares. In Krasnodar 
Krai, 9.08 thousand tons of tomato were produced on an area of 0.47 thousand hectares (AB-
Center, 2020). Tomato, pepper and eggplant are highly susceptible to the influence of abiotic 
and biotic factors that affect the yield and product quality. These crops are damaged with up 
to 200 diseases caused by viruses, bacteria, nematodes and fungi. The most common and 
economically significant disease is considered to be alternaria, which is caused by Alternaria 
fungi [5-10]. 
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To develop effective crop protection against economically significant pathogens, accurate 
phytosanitary monitoring is necessary [11], since not only a properly selected fungicide is 
important, but also its timely use at the initial stages of phytopathogen development [12]. 
One of the promising directions in the field of phytosanitary monitoring is the use of spore 
traps, since they are able to quickly and accurately quantify fungal phytopathogens in the air 
space around plantings [13]. Since the description of one of the first, the Hurst trap, models 
of spore traps have been constantly improving, which allows obtaining more complete 
information about the composition of phytopathogens in a short time, on the basis of which 
decisions on treatments are then made. [14]. When studying the effectiveness of various spore 
traps, it was found that the use of mobile traps is more effective for detecting phytopathogen 
spores in the air than the use of stationary ones. It has also been shown that observations 
based on mobile traps reveal a decrease in the number of airborne spores after the start of 
treatments [15]. 

The aim of the research was to study the effect of a biological fungicide on the 
development and spreading Alternaria alternata fungus on vegetable crops using classical 
and modern methods. 

2 Materials and methods 

The objects of research were the plantings of tomato, pepper and eggplant. Phytosanitary 
surveys of the plantings of the crops for signs of plant damage by alternaria (A. alternata 
species) were carried out from June 17 to July 02, 2020 in the Krasnodar region in Pavlovsky 
District, on the production fields of the ZAO Yubileinoye. Monitoring was carried out in two 
ways: classical - a visual assessment of the development and spreading of diseases according 
to the "Methodological guidelines for registration tests of fungicides in agriculture" [16] and 
modern - by determining the contamination of plants using the OZR-1mp device [17] 
according to the method described in the article «Development of technology for detecting 
foci of wheat rust diseases» [13]. The type of the alternaria pathogen was determined 
according to the key (2007) [18]. Sampling by the device was carried out in sunny calm 
weather. The sampling time was 30 sec. In total, 5 samples were taken from each studied 
crop (tomato, eggplant, pepper). The movement of the operator with the device was carried 
out along the diagonal of the field. The samples obtained were subjected to microscopic 
analysis. A print of one sample occupies 100 mm2 on glass and is presented in the form of a 
rectangle with dimensions of 20 x 5 mm. The number of spores was counted in the test strip 
(along the width of the field of view), which runs along the center of the print along its larger 
side. 

3 Results and discussions 

As a result, spores of the A. alternata fungus were detected on all studied crops using an air 
sampler (Fig. 1, Table 1). 
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Fig. 1. A. alternata spores, caught with the air sampler on the vegetable crops  

Table 1. The number of A. alternata spores detected using the OZR-1MP device on vegetable crops 
in open ground 

Date Crop Average number of A. alternata 
spores per sample, pcs 

17.06.2020 
Tomato 1.8±0.37 
Pepper 2.2±0.58 

Eggplant 2.2±0.58 

25.06.2020 
Tomato 3±0.90 
Pepper 0.4±0.24 

Eggplant 2.6±0.75 

02.07.2020 
Tomato 2.6±0.75 
Pepper 0.4±0.24 

Eggplant 0 
 
Before treatment on 17.06.2020, spores of the pathogen were found on all crops from 1.8 

to 2.2 pcs per sample. After the second treatment on 02.07.2020, the number of spores on the 
tomato did not increase, on the pepper it decreased to 0.4 pcs., on the eggplant, no spores 
were found. 

Visual observation of plants during the first monitoring revealed the development and 
spreading of alternaria (A. alternata) on different vegetable crops from 8 to 20% and from 5 
to 30%, respectively (Fig. 2). On June 17, 2020, treatment was carried out with the 
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biofungicide BFTIM KS-2, Zh with a rate of application of 7 l / ha. With the repeated 
monitoring on June 25, 2020, a decrease in the development and spreading of the disease was 
noted. In all the studied plantings, to maintain a stable phytosanitary situation, the treatment 
with biofungicide was repeated on June 26, 2020. This stopped the development and 
spreading of alternaria and promoted an active increase in plant biomass, which is confirmed 
by the monitoring results on July 02, 2020. The development of the disease in areas with 
tomato did not exceed 10%, in areas with eggplant and pepper — 5%. 

 
Fig. 2. Development and spreading of alternaria on the vegetable crops 

4 Conclusion 

The effect of the biofungicide BFTIM KS-2, Zh on the development and spreading of A. 
alternata on vegetable crops has been shown. After using the product, a decrease in the 
spreading and development of the pathogen was noted in all studied crops. The maximum 
decrease in the spreading of alternaria was observed in eggplant, and the maximum decrease 
in the development of the disease was noted in tomato. At the same time, the spreading of 
the disease on tomato decreased only compared to the first treatment, while on pepper it 
remained the same throughout the entire study period. But on these crops a decrease in the 
development of the disease was noted, which confirms the effectiveness of the biofungicide 
and shows that it is necessary to take these two indicators into account simultaneously. 
Analysis of the number of A. alternata spores caught with the device in the plantings of the 
studied crops showed a decrease in the infectious background over the plantings of pepper 
and eggplant. The number of spores found over tomato plantings after the first treatment 
increased to 3 pcs. per sample, and after the second treatment it decreased to 2.6 pcs. The 
number of spores over the plantings of pepper decreased after the first treatment to 0.4 pcs. 
per sample and did not increase further. No phytopathogen spores were recorded over 
eggplant plantings after the second treatment. Thus, on the basis of various types of 
monitoring, the effectiveness of the use of the biofungicide BFTIM KS-2, Zh was proved and 
its effect on the development and distribution of A. alternata on vegetable crops was shown. 
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