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Article  
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Abstract: The antimicrobial properties of the new strains of microorganisms isolated from natural sources of 

various ecological niches in the Moscow Region and the Republic of Tatarstan were studied. An antifungal 

activity of isolates was established in a test culture of toxin-producing microscopic fungi that cause various 

plant diseases: Fusarium oxysporum, Aspergillus flavus, Penicillium spp. and Candida albicans. Of the 46 studied 

microorganisms, 4 isolates (Bacillus subtilis, Propionibacterium freudenreichii, Lactobacillus plantarum and 

Streptomyces spp.) showed an ability to produce biologically active metabolites with a pronounced antimicrobial 

potential. This is promising in the growth and protection of the Scots pine, pedunculate oak and small-leaved 

linden forest crops from diseases caused by fungi Lophodermium pinastri Chev. and Microsphaera alphitoides 

stimulation. Based on selected isolates, a Bacterial product LRV composition has been developed. A Scots pine, 

pedunculate oak and small-leaved linden seedlings single and double foliar treatment with Bacterial product 

LRV at a concentration of 10 ml/l led to an increase in the growth of an above-ground part by 31.8, 51.9 and 

25.4 %, respectively, and an underground part – by 25.0, 37.2 and 25.7 %, respectively, compared with the 

control. The weight of seedling at the end of the study exceeded the control variant by an average of 26.0, 44.0 

and 78.0 %, respectively. A use of a plant protection Bacterial product LRV did not have a significant effect on 

a powdery mildew and Schütte disease damage to forest crops. A Biogeosystem Technique methodology has 

been developed to improve a long-term forest growing. 

Keywords: Scots pine; pedunculate oak and small-leaved linden seedlings; sowing terms; 

microorganismal consortium; bioactive substances forest plantations biological control; isolate of 

microorganism; plant protection with Bacterial product LRV; Biogeosystem Technique 
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1. Introduction 

At the moment, an ecological and biological function of forests in ensuring land restoration and 

conservation of biological resources are of a vital importance for the human society well-being. 

Currently, violations in forest cultivation have a negative impact on both climate and anthropogenic 

disturbed lands [1–3]. A restoration of forest and agricultural lands ensures a sustainable 

development of the ecosystem. It is an important tool in a land management that increases 

biodiversity, CO2 sequestration, carbon content in the soil (as part of humus) and prevents an 

uncontrolled transport of pollutants within the ecosystem [4–8]. A forestry on unproductive lands 

unsuitable for agriculture, as well as the forest restoration and re-introduction of forest species, are 

of a paramount importance in the economic and recreational sphere of social development [9–12]. 

In Russia, a re-afforestation and a forest improvement are underway. The state program 

"Development of forestry in the Tatarstan Republic" was launched in 2013. The state program was 

focused on a restoration of felled and thinned plantings and an improvement of forest zones and 

forest park facilities. An important purpose was the forest fire detection and extinguishing, forest 

protection from harmful organisms and adverse factors, forest high-quality use intensification, and 

forest protection and reproduction. Modern advances in the development of plant protection 

products have been achieved almost exclusively by the chemical industry. At the moment, chemical 

plant protection products are the main means in combating phytopathogens [1].  

Many authors have shown that a long-term use of agrochemicals is associated with persistent 

levels of environmental pollution, which causes environmental risks to biological systems. Long-term 

exposure to synthetic fungicides has led to a decrease in application efficiency due to the 

development of resistance mechanisms in plant pathogens [2]. This has led growers to increase the 

use of chemicals, with consequent accumulation of residues in agricultural products and their by-

products, which in turn have harmful effects on both human and animal health [3]. These reasons 

have a strong impact on public perception and market demand, creating a need to move towards the 

products free of synthetic pesticides in a healthier and more environmentally friendly manner. From 

this perspective, a promising alternative to pest management is the biological control approach, in 

which human intervention exploits the natural antagonistic effects of biological agents to mitigate the 

harmful effects of plant pathogens [4]. 

The mechanisms of biological control carried out by biological agents are diverse and depend 

on the specific features of both the pathogen and the antagonist, as well as on their density and a 

specificity of the interactions that occur between them [5,6]. A successful biological control is usually 

characterized by an activation of multiple mechanisms and targets synergistically aimed at 

controlling a pathogen and/or its deleterious effects on biological targets [7,8]. According to 

technological standards, a biological protective equipment must be non-toxic for humans and 

animals, and for the environment [9–11]. The Moscow region is provided to the western part of the 

Volga basin. Due to its natural location, the Republic of Tatarstan is located in the zone of the Middle 

Volga upland. A direct antagonism (eg, hyperparasitism and predation) occurs when there is a very 

high affinity between a pathogen and its antagonist [12,13]. Existing pathogen suppression 

mechanisms include a production of volatiles, antibiotics, and other secondary metabolites of the 

microbial life cycle. A production of volatile organic compounds is of an ever-increasing interest in 

the scientific community due to the various benefits of their application [14]. 

An aim of the study was as follows. An extraction of isolates of microorganism strains from 

natural sources in various ecological niches in the Moscow region and in the Republic of Tatarstan. 

A synthesis of a biological product, stimulating a Scotch pine, pedunculate oak and small-leaved 

linden seedlings protection from diseases, caused by fungi Lophodermium pinastri Chev. and 

Microsphaera alphitoides. A Biogeosystem Technique methodology development to improve a long-

term forest growing. 
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2. Materials and Methods 

2.1. Region of Investigations 

The research was carried out in the Kaibitsky forestry of the Republic of Tatarstan. A Kaibitsky 

forestry area belongs to the Volga region. The Volga region is a typical northern forest-steppe, which 

geographical conditions differ from other parts of the Republic of Tatarstan. The terrain day surface 

is characterized by the outcrops of deposits of various ages and lithological compositions. A zonal 

relief-forming process and a corresponding structure of soil and vegetation cover are typical for the 

region. The Republic of Tatarstan includes eight regions.  

The territory of Kaibitsky forestry is characterized by temperate continental climate with warm 

summers and moderately cold winters. An average annual air temperature varies from +2.7 to +3.10 

°C [15]. The warmest month is July, an average temperature is circa +19.0 °C to +19.60 °C. The coldest 

month is January with average temperature from −13.0 °C to −13.70 °C. The absolute minimum air 
temperature is −46.50 °C, and the absolute maximum air temperature is +37 °C. An air temperature 

amplitude fluctuation negatively affects forest biogeocenoses of the Volga region. According to 

Kolobov N.V. [16], in the period from 1884 to 1963 (80 years) there were 26–27 dry years or 32–35%. 

Since 1951, the warmest years were 1981, 1975, 1995, 2008 and 2010. According to temperature regime 

data, 2010 was abnormally warm (State Report on the state of natural resources and environmental 

protection of the Republic of Tatarstan in 2010, Kazan, 2011) (https://eco.tatarstan.ru/gosdoklad.htm). 

An average duration of the warm period with an air temperature above 0°C is circa 200–210 days 

[15]. The vegetation period is 164–175 days long. A steady transition of an average daily air 

temperature through 0 °C in spring occurs in the first decade of April, and in autumn at the end of 

October. The pre-Volga region is the warmest part of the Republic of Tatarstan in terms of the winter 

period temperature sum.  

The Volga region is a relatively humid territory. In winter, an air relative humidity is 80–85 %. 

An air relative humidity in summer is 60–70 %. An annual amount of precipitation is 410–490 mm. A 

precipitation during the growing season is 200–240 mm. However, the precipitation is distributed 

unevenly through the territory. In the elevated parts of the region, adjacent to the Volga River, the 

fall is higher than 450 mm/year. These indicators reflect an influence of relief elements on a 

distribution of precipitation. The most amount of precipitation (about 70%) falls during the warm 

period of the year from April to October.  

An oldest geological formation in the Volga region territory are the metamorphosed rocks of the 

crystalline basement of the Russian platform, which are overlain by deposits of Devonian, 

Carboniferous and Permian Paleozoic, Jurassic and Cretaceous Mesozoic, Tertiary and Quaternary 

periods. The main composing rocks in the region are the Upper Permian deposits, which are 

represented by the Tatar and Kazan tiers. The Kazan tier is characterized by a content of dolomite 

and limestone of light gray and almost white color. At the base of these strata, the red-colored sandy-

clay deposits lay, which are not common in the region. The Kazan tier of limestone and dolomite 

outcrops are observed in the cliffs of the Volga River right bank. These outcrops are also found in the 

mouths of deep ravines.  

2.2. Experiment Location, Conditions and Layout 

In the forest nursery of Kaibitsky Berlibash forestry located on the Berl river (55°19′17″ N 
48°06′28″ E), a development of the Scotch pine (Pinus sylvestris), pedunculate oak (Quércus róbur) and 

small-leaved linden (Tília cordáta) seedlings under an application of biological preparation was 

studied. The bacterial product has been prepared on a basis of bacterial isolates association (Bacterial 

product LRV) to provide the seedlings growth stimulation and protection from phytopathogens. The 

experiment was carried out in triplicate.  

A total area under experiment was 200 m2. An individual experimental plot accounting area was 

7 m2. The experiment options of a biological preparation application were as follows: 

1. Control – seedlings sprayed with water once; 

1a. Control – seedlings sprayed with water twice; 
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2. Experimental group 1 – seedlings treated with the Bacterial product LRV at a dose of 10 ml/l 

once;  

2a. Experimental group 2 – seedlings treated with the Bacterial product LRV at a dose of 10 ml/l 

twice; 

3. Experimental group 3 – seedlings treated with the Bacterial product LRV at a dose of 4 ml/l 

once; 

3a. Experimental group 4 – seedlings treated with the Bacterial product LRV at a dose of 4 ml/l 

twice. 

The accounting experimental plot site area of 3 row seedling strips were allocated by protective 

2 row seedling strips. The Figure 1 shows a treatment of seedlings with a tractor sprayer in the first 

half 2022 growing season in the Kaibitskoye forestry. 

 

Figure 1. Treatment of seedlings with a tractor sprayer in the Kaibitskoye forestry in the first half of 

2022 growing season. 

A Bacterial product LRV solution spraying dose was 100 ml/m². A foliar treatment of seedlings 

with Bacterial product LRV was carried out after the plant leaves bloomed. A bacterial product 

working solution preparation was carried out immediately before the seedlings were processed. The 

seedling plots treated with 100 ml/m² water served as a control. A seedlings re-treatment was carried 

out a month after first treatment. At the end of the growing season, the seedlings number was counted 

in each repetition of experiment.   

At the end of September, 50 seedlings were selected from each variant. An aerial part of seedling 

was separated from an underground part. For each seedling, the length of the root bundle, height, 

growth per year, and diameter of the root collar were measured. After complete drying in an oven at 

a temperature 105 °C, the weight of root and aerial parts of seedling was determined. The foliar 

treatment of seedlings with preparation was carried out after the plant leaves bloomed. A re-

treatment of seedlings with Bacterial product LRV was carried out a month after the first one. At the 

end of growing season, the seedlings number was counted in each repetition of experiment. 

Samples for a Bacterial product LRV synthesis taken from various natural sources in the Moscow 

region and the Republic of Tatarstan served as a material for obtaining microorganism cultures. For 

selection, the microorganisms were cultivated on various liquid (MPA, Sabouraud broth) and dense 

(MPA, wort agar, Sabouraud agar, MRS, M9) nutrient media with a subsequent study of their 

morphological, tinctorial and biological properties [15–20]. 

An antifungal activity of isolates was established in a test culture of toxin-producing microscopic 

fungi that cause various plant diseases: Fusarium oxysporum, Aspergillus flavus, Penicillium spp. and 

Candida albicans (Collection of Microorganisms of the All-Russian Research Institute of 

Phytopathology, Moscow region, Russia). The bacterial and test isolates were cultivated at 37±1 °C 
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and 28±2 °C respectively in a test tube on a slant agar of a following composition (%): glucose – 0.63, 

enzymatic peptone – 2.1, sodium chloride – 0.65, sodium hydrogen phosphate – 0.35, potassium 

dihydroorthophosphate – 0.06, microbiological agar – 0.12 [21]. 

An antagonistic activity of isolates of microorganisms against microscopic fungi was determined 

using a plate method (double culture method) [22]. To obtain an isolate sample, individual bacterial 

isolate was cultivated in a Petri dish on a Luria-Bertani (LB) agar medium at 37±1°C for 48 h to the 

moment of a continuous microorganism mycelium cover formation. The fungal colonies were 

previously grown in another Petri dish on a Czapek-Dox agar medium at 28±2°C for 7 days till the 

continuous microscopic fungi cover surface formation. Then, the test microorganism culture 

mycelium discs 6 mm in diameter were cut out from the microorganism mycelium cover on the LB 

agar medium surface. These blocks with a test culture were transferred to another Petri dish and 

placed on a surface of a fungal colony on the Czapek's agar medium. The disks with a mycelium of 

test isolate were evenly distributed at a distance 3 cm from one another and from an edge of Petri 

dish with a fungal colony on the Czapek's agar medium. As a control, fungi cultures without texted 

bacterial strain application were used. An incubation of microorganisms was carried out at 28 °C for 

5 days. After a cultivation, the maximum and minimum size of the pathogen growth inhibition zone 

was measured. 

An antifungal activity of lactic acid microorganism isolates was also assessed by a counter 

cultures method [23]. For this, mycelium disks (diameter 6 mm) were cut out from fungal colonies 

previously grown on Czapek-Dox agar for 7 days at 28±2 °C and placed in the center of MRS-SA agar 

plates (without sodium acetate and ammonium citrate). The studied isolates were inoculated with a 

specified medium, placed at a distance of 2 cm from an edge of the agar plates. As a control, plates 

with disks of fungi without bacterial strains were used. Microorganisms were incubated at 30 °C for 

120 h. 

A determination of antifungal properties of the biologically active metabolites of isolated 

microorganisms in relation to pathogens of various diseases of agricultural plants was carried out by 

the method described in [25–29]. 

An identification of isolated microorganisms was carried out on the basis of morphological-

cultural and physiological-biochemical properties, guided by the determinants of Bergey and 

Kaufman [30–32]. A primary identification of the strains was carried out by studying their tinctorial 

properties using the Gram stain method [33]. The morphological features of microorganism cells 

were studied by obtaining live and fixed stained preparations using a bright field and phase contrast 

microscopy [33]. A motility of the studied bacteria was determined in a “crushed drop” and a 
“hanging drop” preparations from the daily cultures with their further microscopy.  

An ability of isolates to grow in the agar media was assessed by cultivating microorganisms for 

two days at a temperature of 10–50°C and a pH of 5.0–8.0 [33]. An enzymatic activity and a 

carbohydrate fermentation tests were determined using the generally accepted methods [34,35]. The 

study of a fermentation of sugars by isolates was carried out using the "variegated series" method. 

The glucose, lactose, galactose, sucrose, maltose, fructose, rhamnose, arabinose and sorbitol were 

used as carbohydrates. Microorganisms were seeded in a liquid nutrient medium with the 

appropriate 1% substrate (carbohydrate) and bromcresol purple dye at a concentration of 0.03 mg/ml. 

Accounting for the results of the test for the ability of microorganisms to ferment carbohydrates was 

carried out by changing the color of the medium (from purple to yellow). 

To study the enzyme activity of the selected isolates, bacterial cultures were grown on agar 

modified corn-lactose and MRS media, as well as on a synthetic medium containing (g/l) sodium 

citrate – 1.29; (NH4)2HPO4 – 4.75; K2HPO4 – 9.6; MgSO4•7H2O – 0.18 (рН 7.0±0.2) [36–39]. 

Carboxymethylcellulose (CMC), water-soluble starch, and casein at a concentration of 1.0% were 

used as sources of carbon and nitrogen. Olive oil, tweens 20, 40, 60, and 80 were added to the medium 

at a concentration of 0.5%. Bacteria were cultivated at 37 ± 1°C until hydrolysis zones appeared 

around their colonies, which were used to judge the ability of isolates to produce hydrolytic enzymes. 

A Bacterial product LRV effect on a Scots pine biennial seedlings infection with Schutte’s disease 
and pedunculate oak biennial seedlings damage by powdery mildew was studied. 
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2.3. Sampling and Analyzes 

The samples of soils, fermented dairy products, raw cow's milk, farm birds and animals 

gastrointestinal tract and feces contents , as well as agricultural crops were collected on the territory 

of the Moscow region and the Republic of Tatarstan (https://legalacts.ru/doc/mr-420220-20-42-

metody-kontrolja-biologicheskie-i-mikrobiologicheskie-faktory) (accessed May 29, 2023). 

The pH value was measured using a potentiometric pH meter during extraction of a water-

soluble salt. The ratio of the inoculate of microorganisms and distilled water was 1:2 

(https://elibrary.ru/item.asp?id=42960377) (accessed May 29, 2023). 

An antagonistic microorganism activity against microscopic fungi was determined using the 

Methodological Instructions MU 2.3.2.2789—10. The microbiological studies were carried out in a 

compliance with the Sanitary rules for a safe operation with the microorganisms of III — IV 

pathogenicity groups (https://ohranatruda.ru/upload/iblock/846/4293757373.pdf) (accessed May 29, 

2023). 

2.4. Biogeosystem Technique methodology 

A current technology is incapable in the soil structure and soil water regime improvements in 

Biological product LRV priority functioning and a long-term stable productive forest formation. A 

restorative forest management Biogeosystem Technique methodology is technical and technological 

solutions of a new generation, focusing on a soil priming action and a soil priming effect 

enhancement. 

2.5. Data Processing and Statistical Analysis 

The experimental data were statistically processed in the Microsoft Excel 10 software 

environment. An assessment of a results’ reliability was fulfilled. A level of significance was p ˂ 0.05 

[39,40]. The average values (M) and standard errors (m) were calculated. 

3. Results 

From soil samples, raw cow's milk, fermented milk products, the gastrointestinal tract contents, 

farm bird and animal feces, as well as crops grown in the Moscow region and in the Republic of 

Tatarstan, 46 isolates of microorganisms from various taxonomic groups were obtained. The study 

of the phenotypic characteristics of the isolated strains, namely, cell morphology, shape and color of 

colonies, acid production, growth pattern, Gram stain and other features, showed a genetic diversity 

of microorganisms. An active growth of bacteria on selective media was noted from the first day of 

their cultivation. Among isolated microorganisms, the most belonged to bacteria of genus Bacillus, 

Lactobacillus, Lactococcus and Streptomyces. 

Of the 46 studied microorganisms, 4 strains (Bacillus spp., Propionibacterium spp., Lactobacillus spp., 

Streptomyces spp.) had a pronounced ability to inhibit growth and development of the various groups 

of microscopic fungi. A microorganism’s antagonistic activity against microscopic fungi is presented 

in Table 1. 

Table 1. Antagonistic activity of selected microorganisms against microscopic fungi. 

Microorganism 

Test culture 

Bacillus 

spp. 

Propionibacterium 

spp. 

Lactobacillus 

spp. 

Streptomyces 

spp. 
Combination 

Fusarium oxysporum + - - - + 

Aspergillus flavus + + + + + 

Penicillium spp. + + + - + 

Candida albicans - + - - + 

* "-" – absence; "+" – manifestation of antagonistic activity. 
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The selected microorganism strains with an antimicrobial potential were classified 

corresponding to determinants "Bergey" and "Kaufman" as Bacillus subtilis, Lactobacillus plantarum, 

Propionibacterium freudenreichii and Streptomyces spp. species (Table 2). 

Table 2. Properties of selected microorganisms *. 

Property 

Isolate 

Bacillus 

subtilis 

Propionibacterium 

freudenreichii 

Lactobacillus 

plantarum 

Streptomyces 

spp. 

Morphology 

Cell shape 
sticks, in 

pairs 

sticks, in pairs at an 

angle to each other 

sticks, in pairs, can be 

chains, depending on the 

composition of the 

medium 

filamentous 

form 

Gram stain + + + + 

Spore formation + - - - 

Mobility - - - + 

Cultural 

The shape of the colonies 
round 

 

round 

 

round 

 

rounded 

convex 

Colony color white white white cream color 

Growth on dense nutrient 

media 

uniform 

growth 

uniform growth over 

the entire surface of the 

medium 

uniform growth 

throughout the entire 

thickness of the medium, 

near-bottom 

uniform 

growth  

Physiological and biochemical: 

Fermentation of carbohydrates: 

Glucose + + + +/- 

Fructose + + + + 

Maltose + - + - 

Sucrose + - + - 

Galactose - + + + 

Lactose +/- + + +/- 

Arabinose +/- + + + 

Rhamnose - + - + 

Sorbitol + - +/- +/- 

Optimum growth 

temperature 0C 

35 to 39  

 
30 to 33 33 to 35 23 to 25 

Optimum pH growth 6.9 to 7.2  6.2 to 7.3 5.9 to 6.2 6.8 to 7.3 

Acid-forming activity - + + - 

Enzymatic activity: 

cellulolytic + - + +/- 

proteolytic + + + + 

amylolytic - - + - 

lipolytic +/- +/- - + 

* "-" – the absence or "+" the presence of a sign. 

For a more detailed characterization of metabolic features of selected cultures of 

microorganisms, optimal temperature and pH for growth, as well as an ability to use various 

substrates for metabolism, were assessed (Table 2). The isolates had a temperature from 9 to 46°C 

and a pH from 3.0 to 9.0 wide limits of cultivation. Some strains had an acid-forming activity and an 

ability to grow in media with carbon-containing compounds. The bacteria fermented various 
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carbohydrates such as fructose, maltose, glucose, galactose, mannitol, sorbitol, mannose, sucrose, and 

many other sugars, indicating their ability to use various organic carbon compounds for their 

metabolism. The strains had the ability to produce amylase, protease, cellulase and lipase enzymes. 

The most active producers of hydrolases were B. subtilis and L. plantarum strains. 

Thus, out of 46 microorganisms isolated, 4 strains were selected, namely Bacillus subtilis, 

Propionibacterium freudenreichii, Lactobacillus plantarum and Streptomyces, capable of producing 

biologically active substances with a pronounced antimicrobial effect. Of the isolated microorganisms 

with antimicrobial activity, strains of B. subtilis and L. plantarum are of a greatest interest for studying 

the properties of hydrolases. The results obtained open up a possibility of using the microorganisms, 

selected by us, and their metabolites as a protective agent or a stimulating additive to agronomic 

biological preparations. 

Table 3 presents some biometric indicators of the seedlings and saplings before treatment with 

Bacterial product LRV at the nursery of the Kaibitskoye forestry. 

Table 3. Indicators of 1–3-year-old sparse seedlings and seedlings of Scots pine, pedunculate oak and 

small-leaved linden in the nursery of Kaibitskoe forestry *. 

Wood type and age of 

seedlings  
Height, cm Diameter, mm Growth, cm Root length, cm 

Scots pine 1-year-old 5.1 ± 0.1 0.82 ± 0.02 – 7.0 ± 0.1 

Scots pine 2-year-old  17.7 ± 0.4 3.84 ± 0.09 13.4 ± 0.2 17.5 ± 0.4 

Scots pine 3-year-old 25.9 ± 0.5 4.13 ± 0.10 14.6 ± 0.3 20.1 ± 0.5 

Pedunculate oak 1-year-old 4.3 ± 0.1 0.81 ± 0.02 – 4.9 ± 0.1 

Pedunculate oak 2-year-old 21.9 ± 0.4 3.50 ± 0.08 15.5 ± 0.3 19.8 ± 0.4 

Pedunculate oak 3-year-old 39.5 ± 0.9 6.9 ± 0.16 22.8 ± 0.5 29.4 ± 0.7 

Small-leaved linden 1-year-

old 
4.4 ± 0.1 0.54 ± 0.01 - 6.5 ± 0.1 

Small-leaved linden 2-year-

old 
12.8 ± 0.3 3.60 ± 0.09 12.3 ± 0.1 11.4 ± 0.2 

Small-leaved linden 3 year 

old 
32.1 ± 0.8 5.83 ± 0.14 14.7 ± 0.3 19.6 ± 0.3 

The Scots pine, pedunculate oak and small-leaved linden biennial seedlings biometric indicators 

in the forest nursery of the Kaibitskoe forestry are presented in Table 4. 

Table 4. Biennial seedlings biometric indicators of in the forest nursery of Kaibitskoye forestry of the 

Ministry of Forestry of the Republic of Tatarstan. 

No.  
Experiment 

option* 

Number of 

seedlings, pcs / 

m² (Xav) 

Seedling root 

length, cm 

(Xav ± m**) 

Seedling 

height, cm 

(Xav ± m) 

Average weight of seedling, g;  

(%) relative to control 

roots (Xav ± 

m) 

above-

ground part 

(Xav ± m) 

total 

seedling 

weight 

(% to 

control) 

        

Pedunculate oak  

1 1  31 
40.1 ± 0.5 

 

22.7 ± 0.5 

 

5.2 ± 0.2 

 

3.4 ± 0.2 

 
8.6 

 1  32 
40.4 ± 0.6 

 

30.5 ± 0.4 

 

5.3 ± 0.3 

 

3.5 ± 0.2 

 
8.8 

2 2 30 
44.5 ± 0.2 

 

38.0 ± 0.3 

 

5.7 ± 0.2 

 

3.7 ± 0.3 

 
9.4 (109) 

 2а 31 50.5 ± 1.1 40.2 ± 0.4 6.9 ± 0.7 4.2 ± 0.4 11.1 (126) 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 16 October 2023                   doi:10.20944/preprints202310.0926.v1

https://doi.org/10.20944/preprints202310.0926.v1


 9 

 

    

3 3 34 
47.6 ± 0.4 

 

39.4 ± 0.2 

 

5.9 ± 0.3 

 

3.8 ± 0.2 

 
9.7 (112) 

 3а 40 
49.5 ± 0.5 

 

40.1 ± 0.4 

 

6.5 ± 0.5 

 

4.4 ± 0.2 

 
10.9 (124) 

Fр* 111.5 98.8 144.1 127.8 - 

Fт   147.9   

НСР05 0.4 0.9 0.3 0.2 - 

Small-leaved linden 

4 1 * 21 
25.2 ± 0.2 

 

15.5 ± 0.3 

 

3.8 ± 0.2 

 

2.5 ± 0.2 

 

6.3 

 

 1а * 20 
26.1 ± 0.4 

 

15.6 ± 0.4 

 

3.8 ± 0.4 

 

2.8 ± 0.3 

 

6.6 

 

5 2 22 
30.1 ± 0.5 

 

21.9 ± 0.2 

 

4.9 ± 0.3 

 

3.5 ± 0.2 

 

8.4 

(133) 

 2а 22 
35.8 ± 0.5 

 

23.7 ± 0.2 

 

5.6 ± 0.8 

 

3.9 ± 0.6 

 

9.5 

(144) 

6 3 21 
27.3 ± 0.5 

 

16.5 ± 0.1 

 

4.0 ± 0.2 

 

2.9±0.3 

 

6.9 

(109) 

 3а 23 
26.5 ± 0.3 

 

16.2 ± 0.2 

 

3.9 ± 0.4 

 

2.7±0.3 

 

6.6 

(0) 

Fр * 31.4 38.0 22.8 37.7 - 

Fт   38.7   

НСР05 0.2 0.3 0.1 0.2 - 

Scotch pine  

7 1  73 15.5 ± 0,6 21.8 ± 0,5 2.2 ± 0,2 1.7 ± 0,6 3.9 

 1а  81 15.2 ± 0,5 21.3 ± 0,4 2.1 ± 0,4 1.5 ± 0,2 3.6 

8 2 74 
18.3 ± 0,5 

 
25.1 ± 0,8 

2.9 ± 0,2 

 

2.8 ± 0,2 

 

5.7 

(146) 

 2а 77 
19.1 ± 0,2 

 

26.7 ± 0,4 

 

3.3 ± 0,2 

 

3.1 ± 0,4 

 

6.4 

(178) 

9 3 78 
18.7 ± 0,4 

 

22.5 ± 0,4 

 

3.1 ± 0,2 

 

1.9 ± 0,3 

 

5.0 

(128) 

 3а 71 
18.1 ± 0,5 

 

21.9 ± 0.5 

 

2.8 ± 0.2 

 

1.8 ± 0.2 

 

4.6 

(127) 

Fр * 144.9 87.4 65.2 139.3 - 

Fт   155.1   

НСР05 0.6 0.6 0.1 0.2 - 

* Experiment option: 1. Control – seedlings, which were once sprayed with water; 1a. Control – seedlings, which 

were sprayed twice with water; 2. Experimental group 1 – seedlings treated with the Bacterial product LRV at a 

dose of 10 ml/l once; 2a. Experimental group 2 – seedlings treated with the Bacterial product LRV at a dose of 10 

ml/l twice; 3. Experimental group 3 – seedlings treated with the Bacterial product LRV at a dose of 4 ml/l once; 

3a. Experimental group 4 – seedlings treated with the Bacterial product LRV at a dose of 4 ml/l twice. Fр * – 

calculated Fisher coefficient, Fт – tabular Fisher coefficient). **m – mean error; LSD05 – Least significant 

Difference at 5% significance level. 

For pedunculate oak biennial seedlings, maximum growth and development was observed 

when the Bacterial product LRV was sprayed twice at a dose of 10 ml/l. A seedling weight in this 

variant exceeds the control variant by 26 %. With a double application of the Bacterial product LRV 

at a dose of 4 ml/l, weight of a seedling exceeds the control by 24 %. In these variants, the seedlings’ 
biometric indicators are significantly ahead of those in other variants of the experiment. 
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A double foliar treatment of the small-leaved linden biennial seedlings with Bacterial product 

LRV at a dose of 10 ml/l provided an increase in a plant above-ground part growth by 51.9 % and an 

underground part by 37.2 % compared with the control. A total weight of seedlings at the end of the 

study exceeds the control variant by an average of 44.0 %.  

In Scotch pine biennial seedlings, a greatest increase in biometric parameters was shown in the 

variant with a double application of the Bacterial product LRV at a dose of 10 ml/l. A double foliar 

spraying of the Scotch pine with the Bacterial product LRV at the indicated dose led to an increase in 

a plant above-ground part growth by an average of 25.7 % and an underground part by 25.4 % 

compared with the control. Accordingly, an increase in an accumulation of seedlings shoots and roots 

biomass was observed by 3.3 % and 3.1 %, respectively.   

An important object of the study was a Bacterial product LRV effect on fungi caused forest 

species disease. 

Figures 2 and 3 show an Bacterial preparation LRV effect on the growth and development of the 

above-ground part of seedlings of pedunculate oak and small-leaved linden in the forest nursery of 

the Kaibitskoe forestry.  

  

(a) (b) 

Figure 2. Pedunculate oak sowing in 2021: (a) Control; (b) Double treatment with the Bacterial product 

LRV in a dose 10 ml/l. 

 

 

(a) (b) 

Figure 3. Small-leaved linden sowing in 2021: (a) Control; (b) Double treatment with the Bacterial 

product LRV in a dose 10 ml/l. 
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We studied a Bacterial product LRV effect on a Scots pine biennial seedlings infection with 

Schutte’s disease (Table 5).  

Table 5. Characteristics of Scots pine seedlings (sowing in 2020), 2022 *. 

Experiment Option 

 

Seedling height, cm 

(Xav ± m)*  

 Seedling height, cm 

(Xav ± m) 

Schutte’s disease, % 

 

Control (no processing) 22.5 ± 2.3 9.8 ± 2.1 88.0 

Bacterial product LRV 10 

ml/l 
23.4 ± 1.4 10.2 ± 1.8 89.0 

Bacterial product LRV 50 

ml/l 
25.4 ± 3.3 10.4 ± 3.3 85.0 

Bacterial product LRV 

100 ml/l 
21.3 ± 3.5 8.5 ± 3.1 91.0 

Fr * 7.22 2.31 5.61 

Ft *   1.44 

* Fr – calculated Fisher criterion, Ft – tabular Fisher criterion. 

As it can be seen from the Table 5, the Bacterial product LRV did not have a pronounced effect 

on a spread of Scots pine Schutte’s disease (Figure 4).  

  

(a) (b) 

Figure 4. Scots pine sowing 2020: (a) Control; (b) Bacterial product LRV 50 ml/l. 

We studied a Bacterial product LRV effect on a powdery mildew of pedunculate oak biennial 

seedlings in the forest nursery of the Kaibitskoe forestry (Table 6). 

Table 6. Characteristics of Pedunculate oak (sowing in 2020) based on research materials in 2022. 

Experience Variant 
Seedling height, 

cm (Xav ± m)   

Seedling height, cm 

(Xav ± m) 

 

Powdery mildew 

susceptibility, % 

Control (no processing) 42.1 ± 2.0 12.2 ± 2.1 75.0 

Bacterial product LRV 10 ml/l 42.4 ± 2,2 11.3 ± 2.8 79.0 

Bacterial product LRV 50 ml/l 45.5 ± 1.3 10.9 ± 1.3 74.0 

Bacterial product LRV 100 ml/l 41.9 ± 2,5 10.5 ± 1.1 72.0 

Fr * 6.44 14.4 14,0 

Ft *   5.11 

* Fr – calculated Fisher criterion, Ft – tabular Fisher criterion. 
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As it can be seen from the Table 6, a use of different doses of Bacterial product LRV did not have 

a significant effect on a powdery mildew spread in pedunculate oak seedlings. This indicator value 

72.0–79.0 % was at a level of control option. At the same time, a Bacterial product LRV treatment with 

doses of 10 ml/l, 50 ml/l and 100 ml/l had a pronounced positive effect on a pedunculate oak and 

small-leaved linden seedlings of above-ground and underground parts development in conditions 

of the Kaibitsky forestry. A Bacterial product LRV effect at a dose of 50 ml/l on an above-ground part 

of pedunculate oak seedling is clearly shown in Figure 5. 

 

 

(a) (b) 

Figure 5. Pedunculate oak sowing in 2020: (a) Control; (b) Bacterial product LRV 50 ml/l . 

The results indicate a positive influence of the Bacterial product LRV on the growth and 

development of forest crop seedlings.  

The results obtained during the study indicate a potential of the Bacterial product LRV use to 

enhance the growth and development of young seedlings of forest crops and allow recommending it 

for use in forestry nurseries. 

The standard silviculture pre-planting and management fail in providing a soil fine aggregate 

structure, a multi-level hierarchy and a well-balanced water regime suppressing tree ontogenesis. 

4. Discussion 

An environmental and economic importance of Scots pine, pedunculate oak and small-leaved 

linden is high. However, morphological, biological and ecological features of these species determine 

their susceptibility to diseases caused by fungi Lophodermium pinastri Chev. and Microsphaera 

alphitoides. Thus, improved measures required for protection and reproduction of Scots pine, 

pedunculate oak and small-leaved linden [41–43]. A crops death important cause in the territory of 

coniferous-deciduous forests is an unhealthy and low-quality seedlings use for reforestation. A 

cultivation of planting material in the territories of forest nurseries is associated with a complex of 

silviculture standard measures, which lead to a decrease in a content of nutrients, lowering a soil 

agrochemical and biological potential. In consequence, a content and a toxicogenicity of 

phytopathogenic microorganisms, and a degradation of a stand and the soil increased [44–47]. In this 

regard, it is relevant to search for new ways to increase a forest crop seedlings productivity while 

minimizing an adverse environmental impact. This indicates a need to solve the problem of growing 

planting material in nursery farms at a new higher biological and technological level.  

New environmentally friendly developments, reducing a degree of negative impact of biotic and 

anthropogenic stress factors on the trees and soil are needed. A number of publications have shown 

that a highly effective and environmentally friendly natural growth regulators use makes it possible 

to stimulate the growth and development of plants, increase the standard planting material yield and 

its resistance to fungal diseases and stress factors. This improves a planting material quality. Of 
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particular interest is a study of substances of bacterial origin that stimulate the tree species seedlings 

growth and development and protective mechanisms of their influence on plant organism, which 

include biologically active metabolites of spore-forming and lactic acid microorganisms. 

In the present study, we isolated from natural sources of various ecological niches in the Moscow 

region and the Republic of Tatarstan the new strains of microorganisms as a potential basis for a 

complex biological product for stimulating the growth and protection of Scots pine, pedunculate oak, 

and small-leaved linden from diseases caused by fungi Lophodermium pinastri Chev. and Microsphaera 

alphitoides. It was found that isolates of Bacillus subtilis, Propionibacterium freudenreichii, Lactobacillus 

plantarum and Streptomyces spp. differed from each other in an ability to produce biologically active 

metabolites with a pronounced antimicrobial potential against phytopathogenic fungi (Table 1). A 

number of studies have shown that a capability of antagonist bacteria to inhibit phytopathogenic 

fungi is a strain-specific trait [55–59]. 

The isolates, selected in the course of the study for the ability to suppress toxin-producing 

microscopic fungi, produces such hydrolytic enzymes as amylase, protease, cellulase and lipase. The 

most active producers of hydrolases were B. subtilis and L. plantarum. Isolates of Propionibacterium 

freudenreichii and Lactobacillus plantarum, characterized with an acid-forming activity (Table 2). 

Antifungal properties of Bacillus subtilis strains are associated with their ability to produce enzymatic 

complexes (chitinase, chitosanase, protease, cellulase, glucanase, lipase), which effectively break 

down the main components of a cell membrane of fungi, lipopeptides (surfactin, iturin, fengycin), 

affecting target phytopathogen cells at a membrane level through an interaction with an ergosterol 

[57,58]. This prevents an adhesion of competitive microorganisms on the parts of a plant organism 

and induces a plant systemic resistance to pathogens and unfavorable abiotic and anthropogenic 

factors. In addition, the bacterial strains of these species form fungicidal and fungistatic peptides 

(they are synthesized by the ribosomal multienzyme mechanism), as well as various siderophores 

(for example, bacilliboctin), which action can be realized through a competition for Fe in order to 

reduce a Fe availability for pathogens [60–63]. 

The siderophores, produced by Bacillus subtilis, are involved in the suppression of a number of 

plant diseases [64]. An antifungal potential of bacterial strains of Propionibacterium freudenreichii and 

Lactobacillus plantarum species is associated with their ability to produce a combination of organic 

acids (lactic, acetic, propionic, citric, 3-phenyl-lactic, transcinnamic, benzoic and oleamide), fatty 

acids (methyl esters of 9,12-otadecadienoic and hexadecanoic, 12-hydroxydodecanoic, stearic, lauric 

and palmitic), bacteriocin-like polypeptides, reuterin, hydrogen peroxide, diketopiperazine and 

diacetyl [65–71]. Similar results have been established in the works of many researchers, which show 

that various Streptomyces spp. produce secondary metabolites with antifungal properties [72–74]. 

An ability of Streptomyces spp. strains to inhibit phytopathogenic fungi is associated with a production 

of chitinase, betaine, azine, morpholine, pyrazole, fungichromine, actiphenol, ethyl 3-(2-methyl-2-

propanyl)-1H-pyrazole-5-carboxylate, 6-amino-5-nitrosopyrimidine-2,4-diol, naphthalene 

benzaldehyde, carvacrol, and phenol, as well as many other compounds. 

A feature of the isolates we selected was an ability to grow in a wide range of a temperature 

from 9 to 46 °C and a pH from 3.0 to 9.0 (Table 2). This opens up the prospects of the joint use of 

isolates with the herbicidal and fungicidal agents when the acidity of mixture decreases significantly. 

In our study, a Scotch pine, pedunculate oak and small-leaved linden seedlings foliar treatment 

with a product based on the selected bacterial isolates (Bacterial product LRV) increases the plant 

growth and aboveground and underground biomass compared to the control. An effect of Bacterial 

product LRV on the forest crops is dose-dependent (Table 4).  According to publications [54,57,58], 

bacteria are able to enhance growth and development of a host plant, producing biologically active 

metabolites and inhibiting phytopathogenic microorganisms. Bacillus spp. strains exert a growth-

stimulating activity and increase a seed germination energy. These strains also provide a plant 

resistance to stress-factors such as frost, drought, high temperatures, and fungal and bacterial 

diseases.  

Natural substances formed by bacilli have a number of significant advantages: a fairly wide 

range of biological activity, a positive general effect on a plant organism metabolism. The natural 
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substances have a low toxicity and are of a high safety for the humans and environment. It is 

important that these kind substances show their activity in an extremely low concentration. This 

makes their use environmentally and economically beneficial. Some researchers noted [73,75] that 

streptomycetes and their metabolites are able to provide a stimulating effect on the growth and 

development of plants. This normalizes a plant cell physiology and biochemistry and increase a leaf 

surface index, the photosynthesis and respiration intensity, regulating a transpiration coefficient and 

a plant water consumption and reducing the trace elements digestible form deficiency. These factors 

generally affect the productivity and quality of grown products. 

In our study, the Biological product LRV at various doses (Tables 5 and 6) did not significantly 

affect the powdery mildew and Schutte's disease in forest plantations of Scotch pine, pedunculate 

oak and small-leaved linden. An observed increase in the growth and biomass of the aboveground 

and underground parts of forest cultures seedlings is associated with an ability of isolates selected 

by us to produce biologically active compounds that can function as plant growth regulators. An 

inhibitory effect on other phytopathogenic fungi, different from those presented in this work, capable 

of to infect and cause diseases of Scotch pine, pedunculate oak and small-leaved linden, is highly 

probable. 

The data on the Propionibacterium freudenreichii and Lactobacillus plantarum strains and 

consortiums based on their ability to increase the forest crop seedlings growth and development are 

not available. In recent years, an interest has increased in research on lactic acid microorganisms as 

another class of plant growth promoters and potentially beneficial bacteria against phytopathogens. 

There are data on an increase in an agricultural plants stress resistance under an influence of 

exogenous treatment with metabolites of lactic acid microorganisms [76] and a successful use of this 

kind preparations in medicine, veterinary medicine, and viable bacterial cells in crop production 

[27,65,71,77]. This indicates a possibility of a wide use of lactobacilli and their metabolites in 

agriculture. 

The data on a Bacillus subtilis, Propionibacterium freudenreichii, Lactobacillus plantarum and 

Streptomyces spp. strains combined use as a part of a consortium to increase the productivity of Scots 

pine, pedunculate oak and small-leaved linden opens a prospect of these valuable tree species 

restoration. The biologically active preparations that have both growth-stimulating and immuno-

inducing effects are of a special interest now.  

The results obtained during the study indicate a potential of a Bacterial product LRV use to 

enhance the growth and development of seedlings of forest crops and allow recommending it for use 

in forestry nurseries. Further study of the bacterial product obtained in our research should reveal its 

ability to increase an adaptive potential of forest crops at the early ontogenesis stages.  

A further Bacterial product LRV promotion is possible using a BGT* methodology. The BGT* is 

a new theoretical, technical and technological basis of a long-term soil improvement via intra-soil 

milling processing [78,79] instead of a standard plowing, a drought mitigation and a fresh water 

saving via intra-soil pulse continuously-discrete humidification [80–82] instead of a standard frontal 

irrigation, and an intra-soil disperse waste ameliorative and nutritional recycling [83–85] instead of 

standard waste landfills.   

5. Conclusions 

New strains of microorganisms as a potential basis for a complex biological product 

development for stimulating the seedlings growth and protection were isolated. The isolates selected 

have an ability to produce biologically active metabolites with a pronounced antimicrobial potential 

against phytopathogenic fungi. Biological product LRV based on selected bacterial isolates was 

developed. A foliar treatment of the Scots pine, pedunculate oak, and small-leaved linden seedlings 

with Biological product LRV increased growth and biomass of the aboveground and underground 

parts of seedlings compared to untreated plants. The Biological product LRV provided protection of 

plants from diseases caused by fungi Lophodermium pinastri Chev. and Microsphaera alphitoides. A 

Biogeosystem Technique methodology has been developed to improve a long-term forest growing.  
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