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Abstract. As a result of studying the antifungal activity of biological drugs 
against fungi of the genus Fusarium, causative agents of rot of roots and 
fruits of the apple tree, both weak and very strong mycoparasitism were 
noted, but in most variants of the experiment, competition for area of 
nutrition prevailed. Under the influence of some drugs, the shape, edge and 
color of the fungus colony changed. In general, for the entire sample of 
pathogens, the best bioagents were antagonists of the drug Trichocin, WP, 
which suppressed all 5 strains with Biological efficiency (BE) 50-90 % and 
showed hyperparasitism in 1 strain; and the drug Alirin B, WP, which 
inhibited the growth of 3 strains with BE 56-85 %, showing antibiosis or 
fungistatic antibiotic antagonism with the formation of a "sterile" zone. 

1 Introduction 
Fusarium is a widespread disease of agricultural crops all over the world, the causative agents 
of which, fungi of the genus Fusarium Link, infect more than 200 species of cultivated and 
wild plants: cereals, legumes, oilseeds, fruits, berries, etc. [1–5]. As you know, fungi of the 
genus Fusarium are capable of producing mycotoxins, and therefore they can lead to the 
death of a whole plant. 

In the last 15 years, the prevalence of pathogens of this species has increased in the 
gardens of the Krasnodar Region; they are found both in the root rot pathocomplex and in 
the apple core rot pathocomplex. To protect against fusarium, fungicides of various origins 
are used. Currently, there are no fungicides registered in the Russian Federation to control 
fusarium root rot and apple core rot. In 2020-2021 we conducted a study of the effectiveness 
of chemical fungicides registered on an apple tree for the control of scab and powdery mildew 
against pathogens of rot of the core of apple fruits from the genus Fusarium Link in 
laboratory conditions. Fungicide Cidely-Top, DC (125 g/l difenoconazole + 15 g/l 
ciflufenamide) inhibited the growth of fungi F. sporotrichioides, F. semitectum and 83 % 
F. oxysporum by 95-96 %. The drug Score, CE (250 g/l difenoconazole) was less effective: 
it inhibited the growth of F. solani and F. semitectum by 72 %. Luna Tranquility, SC (125 g/l 
fluopyram + 375 g/l pyrimethanil) showed very high antifungal activity against 
F. avenacium, F. oxysporum species (100 %), but insufficient against F. solani (Mart.) Sacc. 
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and F. semitectum Berk. & Ravenel (21.9 and 24.0 %, respectively. The drug Tirada, SC 
(400 g/l thiram + 30 g/l difenoconazole) suppressed the growth of all studied micromycetes 
by 98-100 %. Granuflo, WDG (800 g /kg thiram) and Chorus, WDG (750 g/kg cyprodinil) 
showed no sensitivity against F. solani (Mart.) Sacc. and F. semitectum Berk. & Ravenel. 
(17.3; 17.8 % and 4.1; 6.6 %, respectively) [6, 7]. Thus, our studies have shown that 
fungicides of chemical origin do not always show high efficiency of fusarium rot of the core 
of apple fruits. Currently, biological control in the plant protection system based on 
microbiological drugs is especially relevant in the world, as in the EU countries their share 
of use is 20 %, in North America 40 % [8], in the Russian Federation - up to 15 % [9]. In 
addition to the environmental component, the production of biofungicides based on living 
organisms is economically less expensive than chemical fungicides. Therefore, testing of 
biological products and a continuous search for promising bioagents against various plant 
diseases, including fusarium diseases, are constantly being conducted [9–17]. 

Thus, the addition of the culture liquid (CL) of Bacillus amyloliquefaciens to the medium 
significantly reduced the growth of the fungus Fusarium sporotrichioides and the formation 
of T-2 toxin in vitro [9]. In the literature, the results of screening are presented, promising 
strains of microbiological preparations were found, which showed a biological efficiency of 
50 % and higher in suppressing the causative agent of fusarium of roots of various cultures 
[18-20]. 

There is evidence that the biological drug Gliocladin-SC based on living cells of the 
fungus Trichoderma virens 3X has a fungicidal effect against pathogenic fungi, pathogens of 
fusarium root rot of wheat, corn, sunflower, pathogens that infect cabbage plants at all stages 
of development and during storage: R. solani, B. cinerea, Thielaviopsis basicola, Fusarium 
sp., Sclerotinia sclerotiorum [20]. 

In connection with the above, the study of the effectiveness of microbiological drugs in 
vitro against fungi of the genus Fusarium is promising and relevant. Objective of the study: 
to study the antifungal activity of microbiological drugs registered on an apple tree to control 
scab, powdery mildew, moniliosis, as well as promising, in relation to causative agents of rot 
of roots and cores of apple fruits from the genus Fusarium. 

2 Materials and methods 
The studies were carried out in 2020-2021 in the laboratory of biotechnological control of 
phytopathogens and phytophages Federal State Budget Scientific Institution «North 
Caucasian Federal Scientific Center of Horticulture, Viticulture, Wine-making». The objects 
of research were 5 monoconidial strains of fungi of the genus Fusarium, causative agents of 
root rot and rot of the core of apple fruits. 

The work studied the effect of microbiological drugs registered on an apple tree to control 
scab, powdery mildew, moniliosis: Rizoplan, Liq. (titer 1 billion CFU/ml Pseudomonas 
fluorescens strain AP-33), Alirin B, WP (titer not less than 109 CFU/g Bacillus subtilis, strain 
B-10 FSBSI VIZR), Fitosporin- M, P. (titer of at least 1 billion living cells and spores/ml 
Bacillus subtilis strain 26 D), Vitaplan, WP (titer 1010 CFU/g Bacillus subtilis strain ВКМ-
В-2604D, titer 1010 CFU/g Bacillus subtilis strain ВКМ-В-2605D), as well as promising 
preparations for use on the apple tree Trichocin, WP (titer 1010 CFU/g Trichoderma 
harzianum, strain G-30 FSBSI VIZR) and Biocomposite, Liq. (titer not less than 1x109 

CFU/ml strains and metabolites of live bacteria). Control - distilled, autoclaved water; the 
standard was a fungicide of chemical origin Zimoshans, SC (carbendazim 500 g/l). 

Antifungal activity of biological products against fungi of the genus Fusarium was 
determined by bacto-streep method with joint splicing on PGA medium (potato-glucose 
agar). Inoculation of double cultures was carried out under sterile conditions simultaneously 
in triplicate. After 7 days of incubation at a temperature of 25 ° C, the growth of the pathogen 
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fluorescens strain AP-33), Alirin B, WP (titer not less than 109 CFU/g Bacillus subtilis, strain 
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CFU/ml strains and metabolites of live bacteria). Control - distilled, autoclaved water; the 
standard was a fungicide of chemical origin Zimoshans, SC (carbendazim 500 g/l). 
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agar). Inoculation of double cultures was carried out under sterile conditions simultaneously 
in triplicate. After 7 days of incubation at a temperature of 25 ° C, the growth of the pathogen 

in diameter (mm) was noted in all variants of the experiment, and the biological efficiency 
was calculated. The types of interactions between cultures were assessed according to 
generally accepted methods [21-22]. 

3 Results and discussion 
As a result of the studies carried out in laboratory conditions, it was found that the studied 
biological preparations showed both high - 60-90 %, and very low – 20 % or less - biological 
activity against strains of fungi of the genus Fusarium (table 1). In general, the effectiveness 
of biologicals was lower the effectiveness of a chemical standard, which suppressed all 
pathogens by 100 %. Of all the studied biological products, only Trichocin, WP had high 
values of biological effectiveness against almost all strains of the pathogen, with the 
exception of strain 3, the biological effectiveness against which was insufficient. It should be 
noted that in relation to this strain, none of the studied biofungicides showed high efficiency; 
the drugs Biocomposite, Liq. and Rizoplan, Liq. had the lowest values. Both of these 
preparations also showed a biological efficacy of less than 54 % for all Fusarium strains. For 
the rest of the drugs, the biological effectiveness varied within a wide range of values 
depending on the strain. 

Table 1. Influence of biologieson the growth of fungi of the genus Fusarium in vitro, 7th day after 
inoculation 

Strain Alirin B Biocom
- 

posite 

Phytosporin- 
M 

Rhizopla
n 

Trichoci
n 

Vitap
lan 

Biological effectiveness, % 

  R
oo

t r
ot

  1 56.6  29.6 35.0 35.0 71.6 66.3 

 2 21.2 42.5 57.5 48.0 65.7 54.6 

 3 58.6 8.0 30.3 5.5 50.5 38.3 

Fr
ui

t 
co

re
 ro

t  5 15.7 53.7 66.0 49.2 70.8 22.3 

6 85.0 12.5  20.9 15.3 90.0 20.2 

 
Different types of reactions have been established between pathogens of the genus 

Fusarium and drug antagonists. 
Of the six tested drugs, three showed the greatest antagonistic activity against the 

pathogen strain 1: Alirin B, WP, Vitaplan, WP and Trichocin, WP. The culture of the 
pathogen under the influence of these drugs changed its morphological and cultural 
characteristics; an almost complete absence of the development of aerial mycelium was 
noted. Perhaps this indicates the death of the mycelium of the test object as a result of contact 
with the antibiotic substance. Fungistatic antibiotic antagonism was found in the 
Trichoderma harzianum strain of the drug Trichocin, WP. The lowest efficiency (29 %) was 
shown by the drug Biocomposite, Liq. 

The greatest biological effectiveness against strain 2 was shown by Vitaplan, WP and 
Trichocin, WP, as well as Fitosporin-M, P (54-65 %), and the least - Alirin B, WP (21 %), 
however, inhibition of the growth of the pathogen was observed upon contact with the 
antagonist of this drug. It should be noted that in the variants with the drugs Rizoplan, Liq. 
and Biocomposite, Liq. the shape of the colony (to irregular) and the edge of the colony of 
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the fungus culture (to wavy) changed. For the antagonist of the drug Trichocin, WP and the 
pathogen, mutual suppression on contact was found; after a while, the antagonist continues 
to grow at a constant or lower rate over the colony of the suppressed organism. 

Overall, the biologics showed the most significant antifungal activity and efficacy on 
strains 1 and 2. 

Strain 3 turned out to be the fastest growing culture in the experiment. The cultural 
characteristics of the strain did not change, the aerial mycelium of the pathogen in double 
cultures developed normally. With regard to the drug Trichocin, WP the spectrum of 
interactions was limited by competition for nutrition sources and area, and the antagonistic 
activity was 0 points; cultures were characterized by mixed growth. 

For strain 4, when co-cultivated with biological products, after 7 days, the maximum 
efficiency was 66-70 % for Fitosporin-M, P and Trichocin, WP, and the latter showed mutual 
suppression upon contact. In the variant of the experiment with Biocomposite, Liq. the fungal 
strain changed the shape and edge of the colony. The minimum efficacy was for Alirin B, 
WP and Vitaplan, WP and was less than 20 %. 

Strain 5 was the slowest growing culture in our sample and on the 7th day of growth had 
a diameter of 40 ± 5 mm. In this variant of the experiment, the greatest BE was recorded: 85-
90 % for the drugs Alirin B, WP and Trichocin, WP. And besides, in Trichoderma harzianum, 
strain G-30 VIZR, maximum hyperparasitism was found; and in bacteria - fungistatic 
antibiotic antagonism, the growth of the pathogen colony was inhibited at a distance, with 
the formation of an obvious "sterile" zone between them. For other drugs, the effectiveness 
was less than 20 %. A change in the color of the culture was noted in the variants with the 
preparations Alirin B, WP, Trichocin, WP and Fitosporin-M, P. 

It should be noted that the relationship we have recorded between pathogenic strains of 
the genus Fusarium and antagonistic strains of biological products was noted by a number of 
researchers [21-22]. 

4 Conclusion 
As a result of the study of the antifungal activity of microbiological drugs against fungi 

of the genus Fusarium, causative agents of rot of roots and fruits of the apple tree, both weak 
and very strong mycoparasitism were noted, but in most variants of the experiment, 
competition for the area of nutrition prevailed. Under the influence of some drugs, the shape, 
edge and color of the fungus colony changed. 

Primary laboratory screening showed that out of 6 selected microbiological preparations 
against root rot pathogens showed high and medium efficiency Trichocin, WP, Alirin B, WP 
and Vitaplan, WP; Rizoplan, Liq.  and Biocomposite, Liq. did not have the effectiveness. 
Trichocin, WP, Alirin B, WP were effective against pathogens of fruit core rot; Rizoplan, 
Liq.  and Vitaplan, WP showed low efficiency. 

In general, for the entire sample of pathogens, the best bioagents were the antagonists of 
the drug Trichocin, WP, which suppressed all five strains with BE 50-90 % and showed 
hyperparasitism in one strain, as well as the drug Alirin B, WP, which inhibited the growth 
of three strains with BE 56 -85 %, showing antibiosis or fungistatic antibiotic antagonism 
with the formation of a "sterile" zone. 
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