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A b s t r a c t   
 

Chemical fungicides are chemicals used to combat late blight and potato rhizoctoniosis. 

However, due to repeated treatments, the resistance of plant pathogens to fungicides increases. Bio-

fungicides serve as an alternative to chemical fungicides. The use of strains of endophytic bacteria of 

the genus Bacillus is promising for the development of novel biofungicides. Endophytes, being inside 

plants, have an advantage in interactions with the plant compared to bacteria occupying other ecolog-

ical niches. In this work, for the first time, the effectiveness of experimental samples of preparations 

based on strains of endophytic bacteria of the genus Bacillus was established when growing potato 

(Solanum tuberosum L.) varieties differing in resistance to late blight in the conditions of the North-

West of the Russian Federation. It is known that the effectiveness of the use of endophytes with 

biocontrol activity differed in the field when growing potatoes, while the varietal responsiveness of 

potatoes to biocontrol agents has not been sufficiently studied. The aim of the research was to study 

the effect of experimental samples of preparations of endophytic bacteria B. thuringiensis W65 and 

B. amyloliquefaciens P20 on the yield and infection of potato plants with rhizoctoniosis and late blight. 

Strains of endophytic bacteria B. thuringiensis W65 and B. amyloliquefaciens P20 isolated from potatoes 

had antagonistic activity to phytopathogens-pathogens of late blight Phytophthora infestans (Mont. de 

Bary) and rhizoctoniosis Rhizoctonia solani (Kuhn.) when growing on agar media. Small-scale field 

experiments (2020-2021) were conducted at the experimental field of the Leningrad Research Agricul-

ture Institute Belogorka. The experiment scheme included the following options: clean control — 

no treatments; chemical control — treatment with chemical fungicides: CELEST® Top, SC (Syngenta, 

Russia), Mankoceb, WP (AgroRus and Co., Russia), Rapid Duo, WP (AgroRus and Co., Russia), 

Infinito, SC (Bayer Crop Science, Germany), Buzzer, SC (CROPEX, Russia) and desiccant Golden 

Ring (Agro Еxpert group, Russia); biological control — BisolbiSan (BISOLBI INTER, Russia), the 

biofungicide based on rhizospheric bacteria Bacillus subtilis Ch-13; experimental sample of the prepa-

ration B. thuringiensis W65, experimental sample of the preparation B. amyloliquefaciens P2. Two potato 

varieties, Charoit (resistant to late blight) and Gusar (susceptible to late blight), were used. In the 
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experiments, the dynamics of plant growth and development, yield and infection of potato plants with 

rhizoctoniosis and late blight were evaluated. Statistical treatment of the obtained results (calculations 

of averages and their standard errors, ANOVA analysis of variance, Duncan’s test, was carried out 

using the Statistica 10 program («StatSoft, Inc.», USA). When inoculated with experimental samples 

of B. amyloliquefaciens P20 and B. thuringiensis W65, the duration of flowering of potato plants in-

creased by 8-13 days compared to the control. The potato tuber harvest also increased by 7.9-14.6 % 

(p < 0.05). The largest increase in yield was registered on the Gusar variety in 2020. It was found that 

responses of potato varieties to inoculation with experimental samples of B. amyloliquefaciens P20 and 

B. thuringiensis W65 preparations differed. The yield of potato tubers of the Charoit variety mainly 

increased due to an increase in the average weight of one tuber while the yield of the Gusar variety 

increased due to an increase in the number of tubers per plant. When inoculated with experimental 

samples of B. amyloliquefaciens P20 and B. thuringiensis W65, the crop structure changed, the yield of 

the large tuber fraction increased by 22.5-30.6 % (p < 0.05) in Charoit variety. The use of experimental 

samples of B. amyloliquefaciens P20 and B. thuringiensis W65 did not have a significant effect on the 

development of rhizoctoniosis in small-scale experiments. The B. amyloliquefaciens P20-based prepa-

ration showed 42.8 % biological efficacy in reducing the development of late blight on the potato 

variety Charoit. Preparation of endophytic bacteria based on B. amyloliquefaciens P20 can be rec-

ommended for further testing in commercials field trials when growing potatoes in an integrated 

protection system together with chemical fungicides and inducers of systemic plant resistance.  
 

Keywords: endophytic bacteria, Bacillus thuringiensis W65, Bacillus amyloliquefaciens P20, 

biofungicides, tuber harvest, potatoes, rhizoctoniosis, late blight 
  

Late blight and rhizoctonia are the most common and aggressive mycoses 

among diseases of potato (Solanum tuberosum L.), which can lead to loss of 30-

50% yield and impares the realization of the potential productivity of the crop [1]. 

Oomycete Phytophthora infestans (Mont.) de Bary, the causative agent of late 

blight with asexual reproduction, spreads due to the formation of sporangia which 

germinate and form motile zoospores at low air temperatures from +4 to +15 С, 

then encyst and their growth tubes penetrate into the plant tissue. At elevated 

temperatures (20-25 С), zoospores are not formed. The sexual process is possible 

only if there are two types of mating in the population. As a result of mating, 

oospores appear, which, after overwintering, germinate into growth tubes. Spo-

rangia are formed at the end of the growth tubes [2]. The main source of infection 

is diseased tubers and contaminated plant debris [3]. During infection, the path-

ogen synthesizes protein effector molecules (apoplastic and cytoplasmic) which 

affect the structure and function of the plant cell [4-7]. EPIC1 is one of the best 

characterized apoplastic effectors that targets host defense-associated proteases [7-

9]. Oomycete cytoplasmic effectors include the RXLR class, containing the con-

served Arg-any amino acid-Leu-Arg (RXLR) peptide motif that is required for 

delivery of these proteins to plant cells [10]. Plant genetic resistance to P. infestans 

is regulated through recognition of specific RXLR effectors by host NB-LRR re-

sistance proteins within plant cells [10]. 

Over the past decades, there has been an increase in the aggressiveness of 

the late blight pathogen P. infestans [11, 12]. It is associated with recombination 

of virulence genes during sexual reproduction and mating leading to the emergence 

of highly aggressive races of the pathogen [13, 14]. The aggressiveness of P. in-
festans may be due to the predominance of the aggressive clonal line 13_A2 in the 

population [12]. 

The gembiotrophic fungus Rhizoctonia solani Kühn, a teleomorph, or sex-

ual stage, of Thanatephorus cucumeris (A.B. Frank) Donk is the causative agent of 

potato rhizoctonia blight. The fungus attacks tubers, stems, stolons and roots of 

adult plants. The damage is visiblr due to the formation of brown spots and ulcer-

ations on sprouts, stolons and roots of potato plants. Black sclerotia appeare on 

the tubers. The teleomorph appears as a dirty white felt coating on the lower part 

of the stems at high humidity and an optimal temperature of 15-21 С. Sclerotia 

can remain dormant for many years in soil and dead plant debris [15, 16]. Effectors 
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described for R. solani induce necrosis in many plants species [17, 18]. The effector 

RsRplA is also known which acts as an active protease inhibitor and suppresses 

the induction of plant hypersensitivity reactions [19]. 

Currently, the chemical method of protecting potatoes from mycoses is 

the most effective [20, 21]. Resistance of phytopathogens to fungicides increases 

due to repeated treatments [22-24]. The development of resistance of pathogens 

to fungicides is also influenced by the reproduction of the pathogen, the degree of 

protection by the fungicide, the mechanism of action on the pathogen, and the 

dynamics of the pathogen population [25]. After the widespread introduction into 

practice of selective systemic drugs, the frequency of detection of resistant races 

of pathogens affecting various crops, including potatoes, has increased [26-29]. 

Resistance to the highly effective systemic fungicide mefenoxam (the R-enantio-

mer of metaloxyl) in P. infestans was observed when previously susceptible isolates 

were exposed to sublethal doses (5 mg/ml) of the fungicide [27]. Mefenoxam-

resistant P. infestans isolates showed slow growth compared to susceptible isolates 

[30]. 

ABC transporters and detoxifying enzymes (cytochrome P450) are in-

volved in the formation of P. infestans resistance to mefenoxam/metalaxyl [31, 

32]. Changes occur in the plasmalemma of P. infestans that prevent the poison 

from entering the cells [33]. Thus, when metaloxyl was used in minimal concen-

trations (0.1 and 1 μg/ml), the growth inhibition of P. infestans from the Priluki 

population in Belarus exceeded 50.0%. With an increase in the concentration to 

10 μg/ml the sensitivity of the pathogen increased to 75.2%, and when using a 

high concentration (1000 μg/ml), mycelial growth was completely suppressed [34]. 

As an alternative to chemical fungicides, the widespread introduction of 

new biological fungicides has been proposed [23, 35]. With the combined use of 

chemical fungicides and biofungicides, pathogen resistance is reduced and plant 

immunity is stimulated [23, 36]. In addition, to protect against mycoses in agri-

cultural practice, it is necessary to introduce new potato varieties with resistance 

to pathogens [14, 37]. 

Bacteria from the genera Pseudomonas, Bacillus, Lysobacter, Enterobacter 
and Paenibacillus are the most effective in suppressing the development of mycoses 

[38]. The antagonistic activity of bacteria of the genus Bacillus against mycoses of 

various crops has been studied [39-42]. Bacilli are capable of producing metabo-

lites with fungicidal activity [43-45]. Thus, the combination of fengycin B and 

surfactin, produced by B. pumilus, was more effective in protecting potatoes against 

late blight than each metabolite applied separately [46]. 

Recombinant endophytic B. subtilis 26DCryChS with the Btcry1Ia gene 

encoding Cry1Ia had complex fungicidal and insecticidal effects [47, 48]. 

The special literature discusses the prospects of using endophytic bacteria 

of the species B. thuringiensis, which have a complex effect, for plant protection 

[49-51]. Chitinase-producing B. thuringiensis strains can effectively inhibit the 

pathogenic fungi Fusarium oxysporum, F. graminearum, Pyricularia grisea, and Phy-

salospora piricola [49-51]. Chitinases can also enhance the insecticidal activity of 

B. thuringiensis [52]. 

Endophytic bacteria are promising objects in the biosecurity because they 

are located inside the host plant and directly interact with it [53-55]. Endophytes 

are able to reduce the number of phytopathogens due to competition for the eco-

logical niche and the synthesis of biologically active substances (BAS) [56]. In pot 

and field trials, the effect of endophyte bacteria on the late blight [57-59] and 

rhizoctonia [60, 61] infection of potato was studied. The effectiveness of these 

bacteria has been shown to vary under field conditions, with synthetic chemical 
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fungicides being more effective [59]. 

The antagonistic activity of four B. subtilis strains MTCC-2422 (T-3), 

KU936344 (T-4), KU936345 (T-5) and KU936341 (T-6) against late blight was 

studied in field experiments when growing potatoes of the Kafri Jyoti variety. The 

fungicide mancozeb M 45 (CURZATE®) was a positive control [59]. Treatment 

with bacteria significantly reduced the incidence of late blight compared to con-

trol, but their effectiveness was significantly lower than that of a chemical fungi-

cide. The intensity of disease development was 65% with mancozeb and more than 

74% with bacteria [59]. The reduction in the incidence of potato rhizoctoniosis 

when using the culture filtrate of B. subtilis HussainT-AMU was 71% in pot tests 

and 50% in field conditions, which indicates the high biocontrol activity of this 

strain against R. solani [60]. Treatment of potato tubers with phytosporin (an ex-

perimental Bacillus subtilis 26-based drug; BashInkom, Russia) in the Kamchatka 

Territory did not effectively reduce the rhizoctonia disease, the degree of the dis-

ease development before harvest decreased by 7.5%, the prevalence of the disease 

by 8.6%, the yield increased by 4.7 t/ha [61]. However, when tubers were co-

treated with the fungicide TMTD (JSC Firm August, Russia) at 1.7 l/t and sprayed 

with sporobacterin, the development and prevalence of the disease decreased by 

11.6 and 48.5%, respectively [61]. 

Treatment of potato plants with fluopimomide at a minimum dose of 

85 g/ha in combination with B. velezensis SDTB038 significantly reduced the in-

cidence of late blight and increased yield. Its average efficiency was 69% for 2 

years, being comparable to the effect of the maximum dose (170 g/ha) of the 

fungicide (68.6% average efficiency for 2 years). The B. velezensis strain SDTB038 

allows fungicide concentrations to be reduced in the field [57]. Currently, the 

study of new strains of endophyte bacteria to protect potatoes in field conditions 

is relevant. 

In this work, we for the first time established the effectiveness of using 

experimental samples of preparations based on strains of endophytic bacteria 

B. thuringiensis W65 and B. amyloliquefaciens P20 in the conditions of the north-

west of the Russian Federation when growing potato varieties that differ in re-

sistance to late blight. 

The purpose of the work was to evaluate the effect of experimental samples 

of preparations based on endophytic bacteria Bacillus thuringiensis W65 and B. am-

yloliquefaciens P20 on potato yields and the susceptibility of plants to rhizoctonia 

and late blight. 

Materials and methods. Endophytic Bacillus strains were isolated from the 

internal tissues of potato (Solanum tuberosum L.) variety Sudarynya resistant to 

potato cancer. The bacteria were identified as B. thuringiensis (strain W65) and B. 

amyloliquefaciens (strain P20) by the16S rRNA gene sequencing. The nucleotide 

sequences were deposited in the GenBank database (https://www.ncbi.nlm.nih.gov) 

under the numbers OP537151 and OP537150, respectively. Strains B. thuringiensis 

W65 and B. amyloliquefaciens P20 were also deposited in the Network Bioresource 

Collection for Genetic Agriculture Technologies (the All-Russian Research Insti-

tute of Agriculture). 

For endophyte isolation, potato tubers were washed with tap water, sterilized 

for 5 min in 70% ethanol and 10 min in 15% H2O2. After sterilization, they were 

successively washed in sterile water five times for 2 min. The last water (40 mi-

croliters) was surface sown on potato dextrose agar (PDA, Difco, USA), incubated 

for 2 days at 28 С, and in the absence of bacterial growth, sterile tubers were 

used to isolate endophytes. PDA contained (per liter) 4 g of freeze-dried potato 

decoction obtained from 200 g of potatoes, 20 g of dextrose, 20 g agar, pH 5.6. 
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Under sterile conditions, the tubers were cut with a scalpel, the internal tissues 

were cut out and placed in a mortar, 5 ml of distilled water was added, and the 

sample was ground with pestle until a homogeneous state. Then the tuber tissue 

homogenates were diluted to 105. The lasr dilution was plated on Petri dishes 

with PDA agar in 3-fold repetition. Petri dishes were placed in a thermostat for 5 

days at 28 С, and indicidual colonies of bacteria were seeded into test tubes with 

PDA. 

Experimental samples of endophytic bacterial preparations based on strains 

B. thuringiensis W65 and B. amyloliquefaciens P20 (500½106 CFU/ml) were pro-

duced using a universal RALF bioreactor (Bioengineering, Switzerland). As a 

standard, we used the biofungicide BisolbiSan, L (liquid) (Bisolbi-Inter LLC, Rus-

sia), registered in the Russian Federation to combat rhizoctonia, late blight and 

Alternaria potato (State catalog of pesticides and agrochemicals approved for use 

in the Russian Federation, 2022). Biofungicide BisolbiSan, L is produced on the 

basis of a strain of rhizosphere bacteria B. subtilis Ch-13 (500½106 CFU/ml) 

A nutrient medium of the following composition was used (in g/dm3 of 

distilled water): molasses 25, corn extract 12.5, MgSO4Ł7H2O 0.2, CaCl2 1.0, 

MnSO4 0.01. 

The counts of bacteria in experimental samples was determined by the 

limiting dilution method [62] followed by culture on bovine meat fermented 

(BMF) agar (BMF base 15.0 g, sodium chloride 9.0 g, microbiological agar 13.5 g, 

NICF, Russia). The fungicidal activity was assessed by the well method on potato 

dextrose agar PDA [63]. Suspensions of conidia of the studied strains of phyto-

pathogenic fungi (5 ml, 1½106 conidia/ml) were added to 250 ml of warm (45 С) 

potato dextrose agar. The medium was mixed and poured into Petri dishes. After 

hardening, wells 8 mm in diameter and a depth of the entire thickness of the agar 

were made in each dish using a cork drill (4 pieces per dish). The tested bacterial 

strains were grown stationary in potato dextrose broth PDB (Difco, USA) for 5 

days at 28 С. Then, 100 μl of the bacterial suspension was added to the prepared 

wells in triplicate. The antifungal activity was assessed by the zone of growth in-

hibition around the wells after 3-5 days of incubation of inoculated Petri dishes at 

28 С. 

To study the growth-stimulating activity, sterile seeds of watercress (Lepid-

ium sativum L., 1753) Dukat variety were soaked in the suspensions of bacterial 

cells with a titer of 5½105 CFU/ml for 30 min. Then 30 seeds were placed in 

sterile Petri dishes on damp filter paper. In the control treatment, the seeds were 

soaked in a sterile saline solution. The seedlings were grown for 5 days at 28 С. 

The experiments were arranged in triplicate. 

In field small-plot experiments, new varieties of table potatoes Charoit and 

Gusar approved for the North-West Russia, differing in resistance to late blight, 

were grown. 

Charoit (originated by the North-Western Research and Production As-

sociation for Breeding and Plant Growing Belogorka, Selection Firm Liga LLC, 

Branch of the Russian Agricultural Center in the Novgorod Province) is an early 

ripening variety, moderately resistant to late blight, common scab and rhizoctonia. 

Seed productivity is 20-30 t/ha, commercial prosuctivity 40-60 t/ha. The period 

from full germination to harvest is 50-60 days. 

Gusar (originated by the LLC Selection Firm Liga) is a mid-season vari-

ety, moderately susceptible to late blight, moderately resistant to common scab. 

Productivity for seeds is 25-30 t/ha, commercial productivity is 40-60 t/ha. The 

growing season from complete germination to harvesting is 75-80 days. 
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Small-plot experiments were performed at the Leningrad Research Insti-

tute of Agriculture Belogorka (Belogorka village, Leningrad Province, Gatchina 

District). The soil is soddy-podzolic light loamy, medium cultivated, agrochemical 

parameters of the arable layer: mobile phosphorus P2O5 20.2 mg/100 g, exchange-

able K2O 7.7 mg/100 g of soil, organic matter 2.6%, pHsol. 5.1. The granulometric 

composition of the soil was optimal for cultivating potato plants. The predecessor 

in field crop rotation was winter rye. 

Mineral fertilizers azofoska (NPK 16:16:16) were applied before cutting 

ridges at the rate of 500 kg/ha (80 kg/ha a.i.). Potatoes were planted on May 8, 

2020 and 2021 with two inter-row treatments, the pre-emergence (June 12, 2020 

and June 10, 2021) and post-emergence (June 28, 2020 and June 25, 2021) hilling. 

Before harvesting, chemical desiccation was carried out with Golden Ring (2.0 l/ha, 

Agro Expert Group, Russia). Spraying of vegetative plants was carried out using a 

battery-powered backpack sprayer Solo (SOLO Kleinmotoren GmbH, Germany), 

the flow rate of the working fluid was 500 l/ha. 

The test design was randomized with 3-fold repetition. The area of each 

registration plot was 11.2 m2, 2.8 m width (4 ridges), 3 m length. The yield was 

harvested on September 15 in 2020 and September 10 in 2021. The development 

of diseases was determined in 2021. When assessing the incidence of rhizoctonio-

sis, the count was carried out on stems and stolons on 24 bushes in each experi-

mental treatment, when assessing the spread of late blight on 45 bushes in each 

experimental treatment. The degree of development of rhizoctoniosis and late 

blight was determined according to the guidelines for registration testing of fungi-

cides [64]. 

The development of late blight was assessed by an 8-point scale with the 

following gradations: 0 — no signs of damage; 1 — less than 2.5% of the leaf 

surface affected; 2 — 2.5-5% of leaves affected; 3 — 6-10% of leaves affected; 4 — 

11-15% of leaves affected; 5 — almost every leaf affected, 16-25% leaf drying; 

6 — 26-50% drying of leaves, beginning of damage to stems; 7 — 51-75% drying 

of leaves, damage to stems progresses; 8 — the plant died. 

The development of rhizoctonia on stolons was assessed on a 3-point scale: 

0 — no signs of damage; 1 — up to 1/3 of the stolons are affected; 2 — 1/3-2/3 

stolons are affected; 3 — more than 2/3 of the stolons are affected. On sprouts and 

stems, a 4-point scale was used to assess the development of rhizoctonia: 0 — no 

signs of damage; 1 — spots (ulcers) on sprouts or stems are single, superficial, 

distributed no more than 1/4 of the length of the sprout and the underground part 

of the stem; 2 — ulcers cover the entire circumference, up to half the sprout and 

the underground part of the stem; 3 — deep ulcers, covering the entire circumfer-

ence and more than half of the sprout and the underground part of the stem, the 

stems have partially withered, the leaves have curled and turned yellow; 4 — com-

plete rotting of the sprout, the lower part of the stem and roots, death of the plant. 

Biological effectiveness was calculated by the formula: 

BE = (C  b)/C ½ 100%, 

where BE is the biological effectiveness of the drug, C is the intensity of disease 

in the control (point), b is the intensity of disease in the test (point). 

Statistical processing of the obtained results was carried out using the Sta-

tistica 10 program (StatSoft, Inc., USA). Arithmetic means (M) and standard er-

rors of the means (±SEM) were calculated, as well as the least significant differ-

ence (a value indicating the limit of random deviations in the experiment at a 

significance level of 95%). To assess the statistical significance of differences be-

tween the average experimental variants, Duncan’s test was used. 

Results. Before small-plot field tests, we assessed the growth-stimulating 



 

435 

and fungicidal activity of experimental samples of endophytic bacterial strains 

B. thuringiensis W65 and B. amyloliquefaciens P20. As shown by the lab tests, the 

strains had both growth-stimulating (increase in the root length of the test pant 

vs. control by 12.3 and 18.9%, respectively) (p < 0.05) and fungicidal activity 

(Table 1, Fig. 1). 
 

A 

 
B 

 

Fig. 1. Fungicidal activity of the Bacillu amyloliquefaciens P20 against the micromycetes Rhizoctonia 
solani Kühn (A) and Phytophtora infestans (Mont.) de Bary (B): on the left — control (sterile water), 

on the right — bacterial suspension of B. amyloliquefaciens P20. 
 

1. Growth-stimulating and fungicidal activity of experimental preparations of the ge-
nus Bacillus strains of endophytic bacteria isolated from the tissues of potatoes 
(Solanum tuberosum L.) variety Sudarynya (M±SEM) 

Treatment 

Root length in-

crease, % from 

cotrol (n = 100) 

Diameter of fungal growth inhibition zones, mm (n = 3)  

Рhуtophtora in-

festans (Mont.) de 

Bary 

Rhizoctonia 
solani Kühn 

Fusarium solani 

(Mart.) Sacc. 

Fusarium co-

eruleum (Lib. 

ex Sacc.) 
B. amyloliquefaciens Р20 18.9±1.3 17.5±1.0 25.1±1.9 19.9±1.5 21.5±1.7 

B. thuringiensis W65 12.3±0.9 13.5±0.3 18.7±0.5 8.7±0.7 13.1±1.1 

N o t е. Growth-stimulating activity was assessed using watercress (Lepidium sativum L., 1753) cv. Dukat. 

 

Thus, samples of endophytic bacteria B. thuringiensis W65 and B. amylo-

liquefaciens P20 were selected for field small-plot experiments. 

Main meteorological indicators of the growing season 2020 and 2021. ac-

cording to the United Hydrometeorological Station Belogorka are presented in 

Figure 2. The scheme of field small-plot experiments with two potato varieties is 

presented in Table 2. 

The 2021 season was characterized by severe soil drought because of which 

the seedlings were very uneven with sections without growth and those stunted in 

growth. From the beginning of June to the end of the first ten days of July, no 

precipitation occurred. Under these conditions, the Gusar variety showed re-

sistance to drought, the yield in the control was 27% higher compared to 2020 
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(Table 3). The yield of the Charoit decreased by 4.7%. In 2021, due to dry con-

ditions during the potato flowering period, flowering of both varieties was poor 

with massive fall of buds in the Gusar variety. Precipitation in August 2021 led to 

an increase in the aboveground mass of plants and increased branching in both 

potato varieties. The trend of increasing flowering duration with the use of micro-

biological preparations, noted in 2020, continued in 2021. 
 

 

Fig. 2. Average air temperature (A) and total precipitation (B) by month in the years of observation: 

1 — 2020, 2 — 2021, 3 — average long-term data for 1990-2020 (the United Hydrometeorological 

Station OGMS Belogorka, village Belogorka, Leningrad Perovince, Gatchina District). 
 

2. Scheme of application of chemical and microbiological plant protection products 

in small-plot field trials on potato (Solanum tuberosum L.) varieties Charoit and 

Gusar (experimental field, the Leningrad Research Institute of Agriculture Belo-

gorka, village Belogorka. Leningrad Province, Gatchina District, 2020-2021) 

Treatment Drugs Rate Date 
Pure control Treatment of tubers and spraying with water   

Chemical control CELEST® Top, SC (Syngenta, Russia) 0.4 l/t May 28 

Buzzer, SC (CROPEX LLC, Russia) 0.3 l/ha July 05  

Infinito, SC (Bayer Crop Science, Germany) 1.2 l/ha July 13 

Rapid Duo, WP (AgroRus and Co., Russia) 2.0 kg/га July 22 

Infinito, SC (Bayer Crop Science, Germany) 1.4 l/ha August 02  

Mankoceb, WP (AgroRus and Co., Russia) 1.2 kg/га August 10  

Golden Ring, WS (Agro Expert Group, Russia) + 

Buzzer, SC (CROPEX LLC, Russia) 

2.0 + 0.3 l/ha August 19 

Biological standard BisolbiSan, L (Bisolbi-Inter LLC, Russia) 4.0 l/t May 28 

 10 l/ha July 01. July 05.  

13 July. 22 July.  

02 August. 10 August 

Golden Ring, WS (Agro Expert Group. Russia) + Buzzer, 

SC (CROPEX LLC, Russia) 

2.0 + 0.3 l/ha August 19 

B. thuringiensis W65 An experimental drug – – 

Bacillus sp. X20 An experimental drug – – 

N o t е. Dashes mean that the application scheme is similar to that for the biological standard. 

 

3. Plant biometric parameters of potato (Solanum tuberosum L.) varieties in small-

plot field trials with chemical fungicides and experimental preparations of endo-

phytic Bacillus bacteria isolated from potato cv. Sudarynya (n = 45. M±SEM; 

experimental field, the Leningrad Research Institute of Agriculture Belogorka, 

village Belogorka. Leningrad Province, Gatchina District, 2020-2021)  

Treatment 
Plant height, cm 

Average tuber 

weight, g 

Tuber number per 

plant 

Productivity, g 

per plant 

2020 2021 2020 2021 2020 2021 2020 2021 
C h a r o i t  (resistant variety) 

Pure control 51.2±4.8a 50.1±4.6a 79.8±5.4ab 70.0±4.7b 8.1±0.4b 8.8±0.4b 647±28b 617±32c 

Chemical control 54.3±4.6a 52.4±4.8a 78.6±5.2b 83.7±6.2a 9.0±0.5a 8.8±0.4b 708±36ab 732±51a 

BisolbiSan L 56.1±7.0a 53.6±4.4a 85.5±5.8a 79.5±5.4a 9.2±0.7a 9.2±0.4ab 787±54a 727±48a 

B. amyloliquefaciens Р20 58.4±6.6a 53.7±4.6a 79.1±5.0a 75.6±5.0ab 8.6±0.4ab 9.0±0.3ab 625±30c 681±34b 

B. thuringiensis W65 55.2±5.2a 51.1±4.0a 85.5±5.4a 70.3±4.0b 7.9±0.3b 9.8±0.6a 736±50a 686±36b 

LSD05 7.3 4.8 3.9 4.3 0.8 0.6 32.3 40.6 
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Continued Table 3 

G u s a r  (susceptible  variety) 

Pure control 52.3±4.2a 44.5±4.0b 42.3±3.4a 45.4±3.8ab 12.0±0.7b 14.2±0.9b 508±31b 645±32b 

Chemical control 53.3±4.0a 50.9±4.6a 40.6±3.6a 44.5±3.6b 12.2±0.7b 15.5±0.8a 496±28b 689±30ab 

BisolbiSan L 56.3±6.8a 49.9±4.4a 40.3±4.2a 49.6±4.0a 13.0±0.8a 14.3±1.0b 524±32b 709±34a 

B. amyloliquefaciens Р20 56.0±6.2a 48.2±4.2a 40.0±2.8a 45.0±3.8ab 14.1±0.9a 16.1±1.1a 564±30ab 702±40a 

B. thuringiensis W65 55.4±4.6a 47.1±4.0a 39.5±3.0b 43.2±2.8b 14.7±0.9a 15.6±0.6b 581±25a 695±36a 

LSD05 6.4 4.2 2.4 2.8 0.6 0.4 25.4 34.2 
a. b. c Different letters mean that the average values of the indicator for the options in the column are statistically 

significantly different according to the Duncan’s test at p < 0.05. 

 

The results of 2-year field small-plot experiments showed that there 

was no significant increase in plant height upon inoculations with experimental 

preparations (see Table 3). These data are consistent with the results of other 

studies [65]. 

On average, with a drug based on B. amyloliquefaciens P20, potato yields 

in the 2020 growing season decreased by 3% compared to the control, while in 

2021 it increased by 10.3% for the late blight-resistant variety Charoit. The yield 

of the susceptible variety Gusar increased with the use of a B. amyloliquefaciens 

P20 preparation by 11 and 8.8% in 2020 and 2021, respectively. With a B. thurin-

giensis W65 preparation, the potato yield of both studied varieties increased sig-

nificantly (p < 0.05) from 7.7 to 14.4%. The greatest increase in yield with the B. 

thuringiensis W65-based drug was in 2020 and amounted to 13.7% for the Charoit 

variety and 14.4% for the Gusar variety. 

The increase in potato tuber yield of the Charoit variety treated with mi-

crobiological preparations was mainly due to an increase in the average tuber 

weight, of the Gusar variety due to an increase in the number of tubers per plant. 

4. Fractions of tubers of potato (Solanum tuberosum L.) varieties in small-plot field 

trials with chemical fungicides and experimental preparations of endophytic Bacillus 

bacteria isolated from potato cv. Sudarynya (n = 30. M±SEM; experimental field, 

the Leningrad Research Institute of Agriculture Belogorka, village Belogorka. 

Leningrad Province, Gatchina District, 2020-2021) 

Treatment 

Tuber yield by fractions, % 

< 35 mm 35-45 mm 46-55 mm > 55 mm 

2020 2021 2020 2021 2020 2021 2020 2021 
C h a r o i t  (resistant variety) 

Pure control 22.2±1.1b 20.5±0.8b 37.0±1.4a 38.6±1.4ab 34.6±1.6b 38.6±1.2a 6.2±0.4c 2.3±0.1c 

Chemical control 21.6±0.8ab 14.8±0.4d 35.5±1.2ab 39.8±1.3a 36.7±1.8a 37.5±1.6ab 6.7±0.3c 8.0±0.3b 

BisolbiSan L 19.4±0.6c 17.4±0.4c 32.6±0.8c 34.8±1.8b 38.0±2.7a 39.1±1.6a 10.0±0.6a 8.7±0.2a 

B. amyloliquefaciens Р20 24.1±1.0a 23.5±0.9a 32.9±0.6c 34.7±0.8b 35.4±1.4ab 36.7±1.8b 7.6±0.5b 5.1±0.1b 

B. thuringiensis W65 19.8±0.4c 20.0±0.4b 34.9±0.5b 41.1±1.6a 37.2±2.0a 33.3±1.4c 8.1±0.6b 5.6±0.1b 

LSD05 1.2 0.9 1.1 1.4 1.9 1.8 0.8 0.3 

G u s a r  (susceptible  variety) 

Pure control 41.6±2.7b 29.6±0.8b 43.3±2.2a 45.8±2.7ab 15.0±0.6a 22.6±1.2b 0.08±0.00d 0 

Chemical control 46.4±2.8a 36.8±1.8a 38.5±1.4ab 47.2±3.1a 15.0±0.8a 15.5±0.6c 0.13±0.01c 0 

BisolbiSan L 44.5±2.4ab 27.3±1.1c 38.5±1.6ab 46.8±3.0ab 15.0±0.4a 25.2±1.4a 0.13±0.01c 0.7±0.0 

B. amyloliquefaciens Р20 47.3±2.4a 38.5±2.0a 39.8±1.4b 44.8±2.4b 11.1±0.4c 16.7±0.8c 1.80±0.12a 0 

B. thuringiensis W65 46.7±3.0a 34.8±0.9b 38.1±1.5b 50.3±3.2a 13.6±0.7b 14.9±0.4d 1.60±0.10b 0 

LSD05 2.7 1.3 1.5 3.1 0.7 1.3 0.02 0 
a. b. c. d Different letters mean that the average values of the indicator for the options in the column are statistically 

significantly different according to the Duncan’s test at p < 0.05. 

 

Treatments with chemical fungicides did not have a statistically significant 

effect on the average tuber weight in both studied varieties, with the exception of 

the Charoit in 2021. Our results are consistent with the data of other researchers. 

It is known that endophytic strains can stimulate plant growth due to phytohor-

mones they produced, increasing the availability of nutrients and stress resistance 

[53, 66]. Bacteria of the genus Bacillus, producing various metabolites, exhibit 

plant protection in arid conditions [67]. The effectiveness of the B. velezensis AFB2-

2 against potato late blight under greenhouse conditions was 85.7% due to the 
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biosynthesis of bacillomycin D, iturin and surfactin [58]. Another strain, B. vele-

zensis SDTB038 provided effective control of potato late blight in greenhouses and 

fields and promoted the growth of potato plants [57]. 

When we used experimental B. amyloliquefaciens P20 and B. thuringiensis 
W65 preparations, the yield of the tuber fraction larger than 55 mm in size in-

creased in the Charoit potato variety by 22.5-30.6% (p < 0.05) (Table 4). The use 

of the biofungicide BisolbiSan had the same effect on the tuber yield structure of 

this variety. However, no such changes were noted in the Gusar variety (Table 4). 

The maximum yield (t/ha) of potato variety Charoit was harvested in 2020 

with the biological standard BisolbiSan (Table 5). In 2020, using experimental 

samples of preparations B. amyloliquefaciens P20 and B. thuringiensis W65, signif-

icant differences (p < 0.05) occurred for the yield of the Gusar variety compared 

to the chemical control, however, these differences were not revealed in 2021. It 

should be noted that the increase in yield upon treatment with the experimental 

samples was comparable or higher than for chemical fungicides (see Table 5). 

5. Productivity of potato (Solanum tuberosum L.) varieties in small-plot field trials 
with chemical fungicides and experimental preparations of endophytic Bacillus bac-
teria isolated from potato cv. Sudarynya (n = 45, M±SEM; experimental field, 

the Leningrad Research Institute of Agriculture Belogorka, village Belogorka. 

Leningrad Province, Gatchina District, 2020-2021) 

Treatment 

2020  2021  

yield, t/ha 

, % 

yield, t/ha 

, % 

to control 
to chemical 

control 
to control 

to chemical 

control 
C h a r o i t  (resistant variety) 

Pure control 39.3±1.1b – – 35.2±1.7c – – 

Chemical control 43.0±4.1b 9.4 – 41.7±1.6a 18.4 – 

BisolbiSan L 47.8±2.0a 21.6 11.2 41.4±1.4a 17.6 – 

B. amyloliquefaciens Р20 38.0±1.0bc – – 38.8±1.5bc 10.2 – 

B. thuringiensis W65 44.7±2.2ab 13.7 4.0 39.1±1.2b 11.1 – 

LSD05 1.9   1.8   

G u s a r  (susceptible  variety) 

Pure control 30.8±1.5b – – 36.7±0.3b – – 

Chemical control 30.2±3.0b –  39.2±1.2ab 6.8 – 

BisolbiSan L 31.9±1.5ab 3.5 5.6 40.4±1.7a 10.1 3.1 

B. amyloliquefaciens Р20 34.3±2.1a 11.4 13.6 40.0±1.4a 9.0 2.1 

B. thuringiensis W65 35.3±1.5a 14.6 16.9 39.6±1.5a 7.9 1.0 

LSD05 1.5   1.7   

N o t е. Dashes mean that the application scheme is similar to that for the biological standard.  
a. b. c Different letters mean that the average values of the indicator for the options in the column are statistically 

significantly different according to the Duncan’s test at p < 0.05.  

 

6. Incidence (I) and severity (S) of rhizoctonia and late blight infections of potato 

(Solanum tuberosum L.) plants in small-plot field trials with chemical fungicides 

and experimental preparations of endophytic Bacillus bacteria isolated from potato 

cv. Sudarynya (budding stage, the scale of the All-Russian Research Institute of Plant 

Protection; M±SEM; experimental field, the Leningrad Research Institute of Agri-

culture Belogorka, village Belogorka. Leningrad Province, Gatchina District, 2021) 

Treatment 

Rhizoctonia  Late blight 

stems stolones  
BE, % I, % S, points BE, % 

I, % S, points  I. % S, points 
C h a r o i t  (resistant variety) 

Pure control 100 1.0 100 2.6±0.3a  100  2.1±0.30a  

Chemical control 100 1.0 100 2.5±0.3a 3.8 6.7 0.1±0.01c 95.2 

BisolbiSan L 100 1.0 100 2.5±0.3a 3.8 88.9 0.9±0.1b 57.2 

B. amyloliquefaciens Р20 100 1.0 100 2.3±0.3a 11.5 90.5 1.2±0.07b 42.9 

B. thuringiensis W65 100 1.0 100 2.6±0.4a – 100 2.1±0.2a – 

LSD05    0.6   0.8  

G u s a r  (susceptible  variety) 

Pure control 100 1.0 100 2.9±0.1a  100  7.2±0.2a  

Chemical control 100 1.0 100 2.4±0.2b 17.2 28.9 0.7±0.04c 90.3 
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Continued Table 6 
BisolbiSan L 100 1.0 100 2.6±0.2ab 10.3 100  6.9±0.2a 4.2 

B. amyloliquefaciens Р20 100 1.0 100 2.5±0.1ab 13.7 98.0 6.2±0.1b 13.8 

B. thuringiensis W65 100 1.0 100 2.9±0.3a – 100 7.1±0.5a 1.4 

LSD05    0.5   0.8  

N o t е. BE — biological effectiveness of the drug. The number of plants when assessing the incidence of rhi-
zoctonia in each variant was 24, for the incidence of late blight 45. Dashes mean the absence of a statistically 
significant increase compared to the control. 
a. b. c Different letters mean that the average values of the indicator for the options in the column are statistically 
significantly different according to the Duncan test at p < 0.05 

 

 

Fig. 3. Biological effectiveness of chemical fungicides and experimental samples of preparations based 

on strains of endophytic Bacillus bacteria isolated from the Sudarynya variety against rhizoctonia and 
late blight for two potato (Solanum tuberosum L.) varieties in small-plot field trials: a — chemical 

control, b — BisolbiSan, c — B. thuringiensis W65, d — B. amyloliquefaciens P20 (n = 24. M±SEM; 

the Leningrad Research Institute of Agriculture Belogorka, village Belogorka, Leningrad Province, 

Gatchina District, 2021). 
 

The weather conditions in 2020-2021 were not favourable for the devel-

opment of rhizoctoniosis. In all treatments the number of affected plants (stems 

and stolons) during the budding phase for both potato varieties was 100%, how-

ever, the lesion was very weak, 1 point on the rhizoctonia development scale 

(Table 6). Despite the fungicidal activity of the studied preparations based on 

B. thuringiensis W65 and B. amyloliquefaciens P20 identified in lab tetst they did 

not have an effective influence on the development of rhizoctonia in field condi-

tions (Table 6). However, for the Charoit variety, a drug based on the B. amylo-

liquefaciens P20 was more effective against rhizoctonia than chemicals and for the 

Gusar variety, the effect was comparable (see Table 6, Fig. 3). 

Thus, the weak development of rhizoctonia and late blight in the field 

conditions of 2021 did not allow us to fully evaluate the fungicidal effects. Obvi-

ously, the fungicidal effect of B. thuringiensis W65 and B. amyloliquefaciens P20 

preparations must be assessed in model experiments upon artificial infestation un-

der phytotron conditions. 

To date, not a single potato variety with immunity to rhizoctonia blight 

has been found in the Russian Federation [24]. Analysis of special publications 

showed that the B. subtilis SR22 strain exhibited high antagonistic activity against 

Rhizoctonia solani and reduced the development of the disease by 53.8% on tomato 

plants. Treatment with this strain increased the total phenolic content (by 76.8%) 

and the activity of the antioxidant enzymes peroxidase (by 56%) and polyphe-

noloxidase (by 29.2%) in tomato roots [40]. Bacillus subtilis HussainT-AMU iso-

lated from potato tubers produced surfactin and reduced the development of po-

tato rhizoctonia blight by 50% in field conditions [60]. 

An analysis of the incidence of late blight in potato plants showed that 

chemical fungicides minimized the development and prevalence of the disease. 
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whereas preparations based on strains B. amyloliquefaciens P20 and B. thuringiensis 

W65 had little effect on its spread (Table 6). Under the influence of weather 

conditions in the second half of August causing soil drought, protection with mi-

crobiological preparations was not effective enough. The prevalence of the disease 

when using the BisolbiSan standard and the B. amyloliquefaciens P20 preparation 

was 89 and 90%, respectively, on the Charoit variety. However, the biologicalscals 

reduced the late blight development on the Charoit variety by 57.1 for BisolbiSan 

and 42.9% for B. amyloliquefaciens P20 (see Fig. 3, 4). Our data confirm the results 

of other researchers. The use of a microbiological preparation based on Bacillus 

velezensis SDTB038 made it possible to reduce the incidence of late blight by 40.79 

and 37.67% in 2018-2019 [57]. As some researchers believe, progress in the use of 

endophytes against late blight can be achieved with an integrated protection 

scheme for joint use of biologicals with small doses of fungicides and inducers of 

systemic plant resistance [57, 68-70]. 
 

  

Fig. 5. Development of late blight on the potato (Solanum tuberosum L.) variety Charoite on the date 

of phytopathological registration: left — pure control, right — treatment with a Bacillus amyloliquefa-

ciens P20 preparation (the Leningrad Research Institute of Agriculture Belogorka, village Belogorka, 

Leningrad Province, Gatchina District, August 29, 2021). 
 

So, in small-plot field experiments upon inoculation of Charoit and Gusar 

potato plants with experimental preparations of endophytic bacteria Bacillus amy-
loliquefaciens P20 and B. thuringiensis W65, the flowering stage in both varieties 

was by 8-13 days longer compared to the control and tuber yield was higher by 

7.9-14.6%. The yield structure changed. In the Charoit variety, the yield of the 

maximum-sized fraction increased by 22.5-30.6%. The experimental preparations 

do not have a significant effect on the development of rhizoctoniasis, and the 

B. amyloliquefaciens P20 (42.8%) reduced the late blight famage to the Charoit 

variety. The drug based on the B. amyloliquefaciens P20 strain can be recom-

mended for further in commercial testing as a biofungicide and the drug based on 

the B. thuringiensis W65 strain as a growth stimulant. 

 
R E F E R E N C E S  

 
1. Alekseeva K.L., Volkov E.I., Rudakov V.O. Protiv mikozov kartofelya. Kartofel’ i ovoshchi, 2015, 

3: 27-28. 

2. Fry W. Phytophthora infestans: the plant (and R gene) destroyer. Molecular Plant Pathology, 2008, 

9(3): 385-402 (doi: 10.1111/J.1364-3703.2007.00465.X). 

3. Ivanov A.A., Ukladov E.O., Golubeva T.S. Phytophthora infestans: An overview of methods and 

attempts to combat late blight. J. Fungi (Basel), 2021, 7(12): 1071 (doi: 10.3390/jof7121071). 

4. Kamoun S. A catalogue of the effector secretome of plant pathogenic oomycetes. Annual Review 
of Phytopathology, 2006, 44: 41-60 (doi: 10.1146/annurev.phyto.44.070505.143436). 



 

441 

5. Vleeshouwers V.G., Rietman H., Křenek P., Champouret N., Young C.A., Oh S., Wang M., 

Bouwmeester K., Vosman B., Visser R., Jacobsen E., Govers F., Kamoun S., van der Vossen E.A. 

Effector genomics accelerates discovery and functional profiling of potato disease resistance and 

Phytophthora infestans avirulence genes. PLoS ONE, 2008, 3(8): e2875 (doi: 10.1371/jour-

nal.pone.0002875). 

6. Wang Sh., Boevink P.C., Welsh L., Zhang R., Stephen C. Whisson S.C., Birch P.R.J. Delivery 

of cytoplasmic and apoplastic effectors from Phytophthora infestans haustoria by distinct secretion 

pathways New Phytol., 2017, 216(1): 205-215 (doi: 10.1111/nph.14696).  

7. Tian M., Win J., Song .J, van der Hoorn R., van der Knaap E., Kamoun S. A Phytophthora 

infestans cystatin-like protein targets a novel tomato papain-like apoplastic protease. Plant Physi-

ology, 2007, 143(1): 364-377 (doi: 10.1104/pp.106.090050). 

8. Kaschani F., Shabab M., Bozkurt T., Shindo T., Schornack S., Gu C., Ilyas M., Win J., Ka-

moun S., van der Hoorn R. An effector-targeted protease contributes to defense against Phy-

tophthora infestans and is under diversifying selection in natural hosts. Plant Physiology, 2010, 

154(4): 1794-1804 (doi: 10.1104/pp.110.158030). 

9. Dong S., Stam R., Cano L.M., Song J., Sklenar J., Yoshida K., Bozkurt T.O., Oliva R., Liu Z., 

Tian M., Win J., Banfield M.I., Jones A.M.E., van der Hoorn R.A.L., Kamoun S. Effector 

specialization in a lineage of the Irish potato famine pathogen. Science, 2014, 343(6170): 552-555 

(doi: 10.1126/science.1246300). 

10. Anderson R.G., Deb D., Fedkenheuer K., McDowell J.M. Recent progress in RXLR effector 

research. Mol Plant Microbe Interact, 2015, 28(10): 1063-1072 (doi: 10.1094/MPMI-01-15-0022-

CR). 

11. Lehsten V., Wiik L., Hannukkala A., Andreasson E., Chen D., Ou T., Liljeroth E., Lankinen A., 

Grenville-Briggs L. Earlier occurrence and increased explanatory power of climate for the first 

incidence of potato late blight caused by Phytophthora infestans in Fennoscandia. PLoS ONE, 

2017, 12(5): e0177580 (doi: 10.1371/journal.pone.0177580).  

12. Raza W., Ghazanfar M.U., Sullivan L., Cooke D.E.L., Cooke L.R. Mating type and aggressive-

ness of phytophthora infestans (Mont.) de Bary in potato-growing areas of Punjab, Pakistan, 2017-

2018 and identification of genotype 13_A2 in 2019-2020. Potato Res., 2021, 64: 115-129 (doi: 

10.1007/s11540-020-09467-9). 

13. Cohen Y. Populations of Phytophthora infestans in Israel underwent three major genetic changes 

during 1983 to 2000 Phytopathology, 2002, 92(3): 300-307 (doi: 10.1094/PHYTO.2002.92.3.300). 

14. Zoteeva N.M., Vasipov V.V., Orina A.S. Vestnik zashchity rasteniy, 2020, 103(2): 99-104 (doi: 

10.31993/2308-6459-2020-103-2-13347) (in Russ.). 

15. Mukherjee N. Sheath blight of rice (Thanatephorus cucumeris) and its control possibilities. Pesti-

cides, 1978, 12(8): 39-40. 

16. Tsror L. Biology, epidemiology and management of Rhizoctonia solani on potato. Journal of Phy-

topathology, 2010, 158(10): 649-658 (doi: 10.1111/j.1439-0434.2010.01671.x). 

17. Anderson J.P., Sperschneider J., Win J., Kidd B., Yoshida K., Hane J., Saunders D., Singh K.B. 

Comparative secretome analysis of Rhizoctonia solani isolates with different host ranges reveals 

unique secretomes and cell death inducing effectors. Sci. Rep., 2017, 7: 10410 (doi: 

10.1038/s41598-017-10405-y). 

18. Wei M., Wang A.J., Liu Y., Ma L., Niu X., Zheng A. Identification of the novel effector 

RsIA_NP8 in Rhizoctonia solani AG1 IA that induces cell death and triggers defense responses in 

non-host plants. Front Microbiol., 2020, 11: 1115 (doi: 10.3389/fmicb.2020.01115).  

19. Charova S.N., Dölfors F., Holmquist L., Moschou P.N., Dixelius C., Tzelepis G. The RsRlpA 

Effector is a protease inhibitor promoting Rhizoctonia solani virulence through suppression of the 

hypersensitive response. Int. J. Mol. Sci., 2020, 21(21): 8070 (doi: 10.3390/ijms21218070). 

20. Udalova E.Yu. Vestnik Mariyskogo gosudarstvennogo universiteta, 2018, 16, 4: 72-78 (in Russ.). 

21. Zeyruk V.N., Vasil’eva S.V., Kolesova E.A., Bukharova A.R. Zashchita i karantin rasteniy, 

2022, 3: 18-21 (in Russ.). 

22. Shcherbakova L.A. Fungicide resistance of plant pathogenic fungi and their chemosensitization as a 

tool to increase anti-disease effects of triazoles and strobilurines (review). Sel'skokhozyaistvennaya 
biologiya [Agricultural Biology], 2019, 54(5): 875-891 (doi: 10.15389/agrobiology.2019.5.875eng). 

23. Pavlyushin V.A., Novikova I.I., Boykova I.V. Microbiological control in phytosanitary optimization 

technologies for agroecosystems: research and practice (review). Sel'skokhozyaistvennaya biologiya 
[Agricultural Biology], 2020, 55(3): 421-438 (doi: 10.15389/agrobiology.2020.3.421eng). 

24. Belov D.A., Khyutti A.V. Kartofel’ i ovoshchi, 2022, 5: 18-24 (doi: 10.25630/PAV.2022.52.94.003) 

(in Russ.). 

25. Tyuterev S.L. Vestnik zashchity rasteniy, 2001, 1: 38-53 (in Russ.).  

26. Hahn M. The rising threat of fungicide resistance in plant pathogenic fungi: Botrytis as a case 
study. J. Chem. Biol., 2014, 7: 133-141 (doi: 10.1007/s12154-014-0113-1). 

27. Childers R., Danies G., Myers K., Fei Z., Small I.M., Fry W.E. Acquired resistance to 

mefenoxam in sensitive isolates of Phytophthora infestans. Phytopathology, 2015, 105(3): 342-349 

(doi: 10.1094/PHYTO-05-14-0148-R). 

28. Schepers H.T.A.M., Kessel G.J.T., Lucca F., Forsh M.G., van den Bosch G.B.M., Topper C.G., 



442 

Evenhuis A. Reduced efficacy of fluazinam against Phytophthora infestans in the Netherlands. Eur. 
J. Plant. Pathol., 2018, 151: 947-960 (doi: 10.1007/s10658-018-1430-y). 

29. Wang W., Fang Y., Imran M., Hu Z., Zhang S., Huang Z., Liu X. Characterization of the field 

fludioxonil resistance and its molecular basis in Botrytis cinerea from Shanghai province in China. 

Microorganisms, 2021, 9(2): 266 (doi: 10.3390/microorganisms9020266). 

30. González-Tobón J., Childers R., Olave C., Regnier M., Rodríguez-Jaramillo A., William Fry W., 

Silvia Restrepo S., Danies G. Is the phenomenon of mefenoxam-acquired resistance in Phy-
tophthora infestans universal? Plant Disease, 2020, 104(1): 211-221 (doi: 10.1094/PDIS-10-18-

1906-RE).  

31. Fry W.E., Birch P.R.J., Judelson H.S., Grünwald N.J., Danies G., Everts K.L., Gevens A.J., 

Gugino B.K., Johnson D.A., Johnson S.B., McGrath M.T., Myers K.L., Ristaino J.B., Rob-

erts P.D., Secor G., Smart C.D. Five reasons to consider Phytophthora infestans a reemerging 

pathogen. Phytopathology, 2015, 105(7): 966-981 (doi: 10.1094/PHYTO-01-15-0005-FI).  

32. Leesutthiphonchai W., Vu A.L., Ah-Fong A.M.V., Judelson H.S. How does Phytophthora infestans 

evade control efforts? Modern insight into the late blight disease. Phytopathology, 2018, 108(8): 

916-924 (doi: 10.1094/PHYTO-04-18-0130-IA). 

33. Maridueña-Zavala M., Freire-Peñaherrera A., Cevallos-Cevallos J., Peralta E. GC-MS metabolite 

profiling of Phytophthora infestans resistant to metalaxyl. Eur. J. Plant Pathol., 2017, 149: 563-574 

(doi: 10.1007/s10658-017-1204-y). 

34. Khalaeva V.I., Volchkevich I.G. V sbornike: Zashchita rasteniy [In: Plant protection]. Minsk, 

2021: 168-175 (doi: 10.47612/0135-3705-2021-45-168-175) (in Russ.). 

35. Titova Yu.A., Novikova I.I., Boykova I.V., Pavlyushin V.A., Krasnobaeva I.L. Novel solid-phase 

multibiorecycled biologics based on Bacillus subtilis and Trichoderma asperellum as effective potato 

protectants against Phytophthora disease. Sel'skokhozyaistvennaya biologiya [Agricultural Biology], 

2019, 54(5): 1002-1013 (doi: 10.15389/agrobiology.2019.5.1002reng). 

36. Yarullina L.G., Burkhanova G.F., Tsvetkov V.O., Cherepanova E.A., Zaikina E.A., So-

rokan’ A.V. Maksutova V.O., Kalatskaya Zh.N., Maksimov I.V. Prikladnaya biokhimiya i mikro-

biologiya, 2022, 58(2): 185-194 (doi: 10.31857/S0555109922020179) (in Russ.). 

37. Kaur A., Sharma V., Kumar A. Assessment of late blight resistance in Indian potato cultivars and 

associated biochemical changes during disease development. Potato Res., 2022, 65(4): 863-879 

(doi: 10.1007/s11540-022-09553-0). 

38. Bibi F., Yasir M., Song G.-C., Lee S.-Y., Chung Y.-R. Diversity and characterization of endo-

phytic bacteria associated with tidal flat plants and their antagonistic effects on oomycetous plant 

pathogens. The Plant Pathology Journal, 2012, 28(1): 20-31 (doi: 10.5423/PPJ.OA.06.2011.0123). 

39. Toral L., Rodríguez M., Béjar V., Sampedro I. Crop protection against Botrytis cinerea by rhi-

zhosphere biological control agent Bacillus velezensis XT1. Microorganisms, 2020, 8(7): 992 (doi: 

10.3390/microorganisms8070992). 

40. Rashad Y.M., Abbas M.A., Soliman H.M., Abdel-Fattah G.G., Abdel-Fattah G.M. Synergy be-

tween endophytic Bacillus amyloliquefaciens GGA and arbuscular mycorrhizal fungi induces plant 

defense responses against white rot of garlic and improves host plant growth. Phytopathol. Medi-
terr., 2020, 59(1): 169-186 (doi: 10.36253/phyto-11019). 

41. Cui L., Yang C., Wei L., Li T., Chen X. Isolation and identification of an endophytic bacteria 

Bacillus velezensis 8-4 exhibiting biocontrol activity against potato scab. Biological Control, 2020, 

141: 104156 (doi: 10.1016/j.biocontrol.2019.104156). 

42. Sharma A., Kaushik N., Sharma A., Bajaj A., Rasane M., Shouche Y.S., Marzouk T., Djébali 

N. Screening of tomato seed bacterial endophytes for antifungal activity reveals lipopeptide pro-

ducing Bacillus siamensis strain NKIT9 as a potential bio-control agent. Front. Microbiol., 2021, 

12: 1228 (doi: 10.3389/fmicb.2021.609482). 

43. Mardanova A.M., Hadieva G.F., Lutfullin M.T., Khilyas I.V., Minnullina L.F., Gilyazeva A.G., 

Bogomolnaya L.M., Sharipova M.R. Bacillus subtilis strains with antifungal activity against the 

phytopathogenic fungi. Agricultural Sciences, 2017, 8(1): 1-20 (doi: 10.4236/as.2017.81001). 

44. Sidorova T.M., Asaturova A.M., Khomyak A.I., Tomashevich N.S. Isolation and characterization 

of antifungal metabolites of Bacillus subtilis strains BZR 336G and BZR 517 using the modified 

bioauthography method. Sel'skokhozyaistvennaya biologiya [Agricultural Biology], 2019, 54(1): 178-

185 (doi: 10.15389/agrobiology.2019.1.178eng). 

45. Rashad Y.M., Abdalla S.A., Sleem M.M. Endophytic Bacillus subtilis SR22 triggers defense 

responses in tomato against rhizoctonia root rot. Plants, 2022, 11(15): 2051 (doi: 

10.3390/plants11152051). 

46. Wang Y., Zhang C., Liang J., Wang L., Gao W., Jiang J., Chang R. Surfactin and fengycin B 

extracted from Bacillus pumilus W-7 provide protection against potato late blight via distinct and 

synergistic mechanisms. Appl. Microbiol. Biotechnol., 2020, 104: 7467e7481 (doi: 10.1007/s00253-

020-10773-y). 

47. Sorokan A., Benkovskaya G., Burkhanova G., Blagova D., Maksimov I. Endophytic strain Ba-
cillus subtilis 26DCryChS producing Cry1Ia toxin from Bacillus thuringiensis promotes multifac-

eted potato defense against Phytophthora infestans (Mont.) de Bary and Pest Leptinotarsa decem-
lineata Say. Plants, 2020, 9(9): 1115 (doi: 10.3390/plants9091115). 



 

443 

48. Maksimov I.V., Blagova D.K., Veselova S.V., Sorokan A.V., Burkhanova G.F., 

Cherepanova E.A., Sarvarova E.R., Rumyantsev S.D., Alekseev V.Y., Khayrullin R.M. Recom-

binant Bacillus subtilis 26DCryChS line with gene Btcry1Ia encoding Cry1Ia toxin from Bacillus 
thuringiensis promotes integrated wheat defense against pathogen Stagonospora nodorum Berk. and 

green bug Schizaphis graminum Rond. Biological Control, 2020, 144: 326-338 (doi: 10.1016/j.bio-

control.2020.104242). 

49. Reyes-Ramirez A., Escudero-Abarca B.I., Aguilar-Uscanga G., Hayward-Jones P.M., Barboza-

Corona J.E. Antifungal activity of Bacillus thuringiensis chitinase and its potential for the biocon-

trol of phytopathogenic fungi in soybean seeds. Journal of Food Science, 2004, 69(5): M131-M134 

(doi: 10.1111/j.1365-2621.2004.tb10721.x). 

50. Tang Y., Zou J., Zhang L., Li Z., Ma C., Ma N. Anti-fungi activities of Bacillus thuringiensis H3 

chitinase and immobilized chitinase particles and their effects to rice seedling defensive enzymes. 

Journal of Nanoscience and Nanotechnology, 2012, 12(10): 8081-8086 (doi: 10.1166/jnn.2012.6639). 

51. Tang M., Sun X., Zhang S., Wan J., Li L., Ni H. Improved catalytic and antifungal activities of 

Bacillus thuringiensis cells with surface display of Chi9602DeltaSP. Journal of Applied Microbiology, 
2017, 122(1): 106-118 (doi: 10.1111/jam.13333). 

52. Ni H., Zeng S., Qin X., Sun X., Zhang S., Zhao X., Yu Z., Li L. Molecular docking and site-

directed mutagenesis of a Bacillus thuringiensis chitinase to improve chitinolytic, synergistic lepi-

dopteran-larvicidal and nematicidal activities. Int. J. Biol. Sci., 2015, 11(3): 304-315 (doi: 

10.7150/ijbs.10632). 

53. Vasil’eva E.N., Akhtemova G.A., Zhukov V.A., Tikhonovich I.A. Еkologicheskaya genetika, 2019, 

17(1): 19-32 (doi: 10.17816/ecogen17119-32) (in Russ.). 

54. Su Y., Liu C., Fang H., Zhang D. Bacillus subtilis: a universal cell factory for industry, agri-

culture, biomaterials and medicine. Microb. Cell Factor., 2020, 19: 173 (doi: 10.1186/s12934-

020-01436-8).  

55. El-Hasan A., Ngatia G., Link T.I., Voegele R.T. isolation, identification, and biocontrol potential 

of root fungal endophytes associated with solanaceous plants against potato late blight (Phy-
tophthora infestans). Plants, 2022, 11(12): 1605 (doi: 10.3390/plants11121605). 

56. Berg G., Krechel A., Ditz M., Sikora R. A., Ulrich A., Hallmann J. Endophytic and ectophytic 

potato-associated bacterial communities differ in structure and antagonistic function against plant 

pathogenic fungi. FEMS Microbiology Ecology, 2005, 51(2): 215-229 (doi: 10.1016/j.fem-

sec.2004.08.006). 

57. Yan H., Qiu Y., Yang S., Wang Y., Wang K., Jiang L., Wang H. Antagonistic activity of Bacillus 

velezensis SDTB038 against Phytophthora infestans in potato. Plant Disease, 2021, 105(6): 1738-

1747 (doi: 10.1094/PDIS-08-20-1666-RE). 

58. Kim M.J., Shim C.K., Park J.-H. Control efficacy of Bacillus velezensis AFB2-2 against potato 

late blight caused by Phytophthora infestans in organic potato cultivation. The Plant Pathology 
Journal, 2021, 37(6): 580-595 (doi: 10.5423/PPJ.FT.09.2021.0138). 

59. Kumbar B., Mahmood R., Nagesha S.N., Nagaraja M.S., Prashant D.G., Kerima O.Z., 

Karosiya A., Chavan M. Field application of Bacillus subtilis isolates for controlling late blight 

disease of potato caused by Phytophthora infestans. Biocatal Agricul Biotechnol, 2019, 22: 101366 

(doi: 10.1016/J.BCAB.2019.101366). 

60. Hussain T., Khan A.A. Bacillus subtilis HussainT-AMU and its Antifungal activity against Potato 

Black scurf caused by Rhizoctonia solani on seed tubers. Biocatalysis and Agricultural Biotechnology, 
2020, 23: 101443 (doi: 10.1016/j.bcab.2019.101443). 

61. Gaynatullina V.V., Makarova M.A. Dal’nevostochnyy agrarnyy vestnik, 2018, 47, 3: 7-12 (in 

Russ.). 

62. Gerkhard F.-M. Metody obshchey bakteriologii [Methods of bacteriology]. Moscow, 1983 (in 
Russ.). 

63. Magnusson J., Schnu ̈rer J. Lactobacillus coryniformis subsp. coryniformis strain Si3 produces a 

broad-spectrum proteinaceous antifungal compound. Applied and Environmental Microbiology, 
2001, 67(1): 1-5 (doi: 10.1128/AEM.67.1.1-5.2001). 

64. Metodicheskie ukazaniya po registratsionnym ispytaniyam fungitsidov v sel’skom khozyaystve /Pod 
redaktsiey V.I. Dolzhenko [Guidelines for registration testing of fungicides in agriculture. V.I. 
Dolzhenko (ed.)]. St. Petersburg, 2009 (in Russ.). 

65. Derevyagina M.K., Vasil’eva S.V., Zeyruk V.N., Belov G.L. Agrokhimicheskiy vestnik, 2018, 5: 
65-68 (in Russ.). 

66. Chebotar V.K., Zaplatkin A.N., Komarova O.V., Baganova M.E., Chizhevskaya E.P., Polu-
khin N.I., Balakina S.V. Endophytic bacteria for development of microbiological preparations for 

increasing productivity and protection of new potato varieties. Research on Crops, 2021, 22: 104-
107 (doi: 10.31830/2348-7542.2021.025). 

67. Lastochkina O.V. Adaptation and tolerance of wheat plants to drought mediated by natural growth 
regulators Bacillus spp.: mechanisms and practical importance (review). Sel'skokhozyaistvennaya 
biologiya [Agricultural Biology], 2021, 56(5): 843-867 (doi: 10.15389/agrobiology.2021.5.843eng). 

68. Hashemi M., Tabet D., Sandroni M., Benavent-Celma C., Seematti J., Andersen C.B., Grenville-
Briggs L. The hunt for sustainable biocontrol of oomycete plant pathogens, a case study of Phy-
tophthora infestans. Fungal Biology Reviews, 2021, 40: 53-69 (doi: 10.1016/j.fbr.2021.11.003). 

https://elibrary.ru/author_items.asp?refid=863608642&fam=Krechel&init=A


444 

69. Shukla N., Lemke P., Moerschbacher B.M., Kumar J. ‘Cu-Chi-Tri’, a new generation combina-

tion for knowledge-based management of oomycete pathogen, Phytophthora infestans. In: Emerg-
ing trends in plant pathology. K.P. Singh, S. Jahagirdar, B.K. Sarma (eds.). Springer, Singapore, 

2021: 297-315 (doi: 10.1007/978-981-15-6275-4_13). 

70. Lastochkina O., Pusenkova L., Garshina D., Kasnak C., Palamutoglu R., Shpirnaya I., 

Mardanshin I., Maksimov I. Improving the biocontrol potential of endophytic bacteria Bacillus 
subtilis with salicylic acid against Phytophthora infestans-caused postharvest potato tuber late blight 

and impact on stored tubers quality. Horticulturae, 2022, 8(2): 117 (doi: 10.3390/horticul-

turae8020117). 


