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Abstract: The purpose of this study was to investigate the effectiveness of a bioorganic 

composition for the protection of pine plantations, to assess its effects on the growth, development, 

and resistance of trees to pests and diseases. The methodology included field and laboratory 

studies, during which various concentrations of the bioorganic composition were used to treat 

seedlings and young pine trees. The findings revealed that the use of the bioorganic composition 

increased the height, trunk diameter, and number of new shoots of pine trees. It also reduced the 

infection with diseases such as pine blister rust, fusariosis, and white pine blister rust, while the 

number of pests decreased by 80-85%. 
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1. Introduction  

Considering the global transition to environmentally 

friendly plant protection products and the restoration of 

degraded ecosystems, the development and use of 

bioorganic products has become both relevant and 

necessary. This shift is vital to ensure environmental safety 

and conserve forest resources, particularly in Ukraine. The 

increased focus on sustainable, bio-based alternatives is 

part of broader efforts to reduce the harmful impacts of 

chemical pesticides, which often pose risks to ecosystems 

and human health. The adoption of bioorganic products 

can help mitigate these environmental challenges, offering 

a sustainable way to protect forests without compromising 

ecological integrity. 

The spread of pests and diseases such as pine blister rust, 

fusariosis, and white pine rust, however, poses a great 

threat to forest ecosystems. These issues are exacerbated 

by the rapid reproduction of pests, which negatively affects 

biodiversity, degrades forest resources, and disrupts the 

ecological balance. This, in turn, increases the risk of forest 

fires and other environmental disasters. Addressing these 

challenges requires effective, environmentally friendly 

methods to protect pine forests and prevent the further 

spread of these harmful pathogens and pests. 

The current state of research on forest protection from 

diseases and pests highlights an increasing focus on 

environmentally friendly and sustainable methods, 

particularly bioorganic products. As the harmful effects of 

chemical pesticides on ecosystems and human health are 

well-documented, these alternatives are becoming 

increasingly necessary. With increasing concerns over 

ecosystem degradation and restoration, developing bio-

based solutions for pest and disease management is crucial 

for forest conservation. This study is important because it 

addresses the urgent need for effective, eco-friendly 

strategies to combat the spread of pests and diseases such 

as pine blister rust, fusariosis, and white pine rust, which 

threaten forest health. By focusing on bioorganic products, 
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particularly those based on basidiomycetes, this research 

contributes to the ongoing efforts to reduce reliance on 

harmful chemicals and promote sustainable forest 

management practices. 

Aioub et al.1) considered the transition to organic products 

to mitigate environmental pollution and combat climate 

change according to the United Nations Sustainable 

Development Goals. Particular attention was paid to the 

use of biopesticides derived from plants and algae, such as 

Anethum sowa, Thymus vulgaris, and numerous algae 

species, which serve as a safe and effective alternative to 

synthetic pesticides. These natural biopesticides 

effectively control pests without affecting beneficial 

microorganisms or polluting the environment. The study 

emphasised the significance of biopesticides in integrated 

pest management, noting their benefits in increasing 

sustainability, maintaining environmental safety, and 

contributing to global initiatives aimed at achieving a clean 

environment, food security, poverty alleviation, and 

sustainable development by 2050. 

Lalík et al.2) investigated the effective strategies for 

protecting young coniferous seedlings from the large pine 

weevil (H. abietis), a major pest of European forests. In 

2016 and 2017, the researchers conducted two semi-

natural trials to evaluate the effectiveness of an insecticide 

(alpha-cypermethrin), wax and glue coatings on Douglas 

fir and Norway spruce seedlings. Over a 16-week period, 

all treatments noticeably reduced damage to Norway 

spruce by the Norway spruce weevil, but the reduction in 

damage to Douglas fir was not statistically significant. 

Importantly, the wax and adhesive coatings demonstrated 

comparable effectiveness to pesticides in reducing damage. 

The study indicated that wax coatings can serve as a viable 

alternative to chemical insecticides for seedling protection, 

providing a more environmentally friendly approach to 

pest management. 

Willoughby et al.3) investigated alternative methods of 

controlling the large pine weevil (H. abietis) in UK forests, 

replacing synthetic pyrethroid insecticides (alpha-

cypermethrin and cypermethrin). Between 2009 and 2015, 

more than 50 chemical and non-chemical treatments were 

tested at 16 sites. The findings revealed that acetamiprid 

(0.037 g a.i. / trunk) effectively protects young Sitka 

spruce with less impact on aquatic ecosystems and bees, 

analogous to pyrethroids. Chlorantraniliprol (0.0129 g a.i. 

/ stem) also showed potential as a safer option, while 

imidacloprid and thiacloprid were effective but limited due 

to environmental risks. Natural compounds such as 

spinosad and the fungal agent Metarhizium anisopliae 

provided limited protection but may have potential under 

better conditions. The study concluded that neonicotinoid 

insecticides, especially acetamiprid, are viable and less 

harmful alternatives to pyrethroids for controlling H. 

abietis, and that physical barriers are only appropriate in 

low-pest areas as part of an integrated approach. 

Dai et al.4) examined the use of Bacillus pumilus HR10 as 

a sustainable biocontrol agent against Sphaeropsis shoot 

blight disease caused by the pathogen Sphaeropsis sapinea, 

which causes severe damage to pine forests around the 

world. The study revealed that HR10 inhibits the pathogen 

by forming secondary compounds that change the structure 

of the mycelium, delay spore germination, and disrupt the 

integrity of the cell membrane. Furthermore, HR10 

prevents pathogen penetration by colonising pine branches 

and aggregating around the mycelium. In greenhouse trials, 

preventive application of HR10 on Pinus massoniana 

resulted in 90% disease control. The study demonstrated 

the effectiveness of B. pumilus HR10 in controlling S. 

sapinea, which highlights its potential as a reliable and 

sustainable approach to controlling shoot blight disease in 

pines. Liu et al.5) emphasised the effectiveness of 

biopesticides in the control of diseases and pests of crops 

and their advantages over synthetic pesticides. 

Biopesticides, which are derived from natural substances 

and microorganisms, are environmentally sustainable, 

pose little danger to non-target creatures and humans, 

rapidly degrade in the environment and are suitable for 

organic agriculture. They also benefit from accelerated 

regulatory approval, shorter development times, and lower 

costs compared to chemical pesticides. In China, 

biopesticides, including Bacillus thuringiensis, 

Jinggangmycin, pyrethrins, and brassinolide, are being 

promoted as viable substitutes for conventional chemical 

pesticides. 

Previous research has largely focused on ecological 

alternatives to chemical pesticides and their effects on 

forest stands, but most studies have focused on particular 

aspects such as the effectiveness of insecticides or specific 

methods of controlling individual pests and diseases. The 

current study can fill the gap in the comprehensive analysis 

of the application of a bioorganic composition based on 

biochemical fractions of basidiomycetes to protect pine 

stands from several types of pests and diseases 

simultaneously. The present study also examined the long-

term effects of such preparations on the growth and 

development of pine trees, making it a valuable 

contribution to the field of sustainable forestry. 

The purpose of this study was to investigate the 

effectiveness of using a bioorganic composition based on 

biochemical fractions of basidiomycetes to protect forest 

plantations, specifically pine trees, from diseases and pests, 

as well as to assess its effects on tree growth and 

development under various environmental conditions. To 

fulfil this purpose, the following objectives were set: 

• To investigate the effects of various 

concentrations of bioorganic composition on the 

growth and development of seedlings and young 

trees of Scots pine. 

• To evaluate the effectiveness of the 

biopreparation in reducing the number of pests 
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such as the common pine shoot beetle, the larger 

shothole borer, and the pine hermes. 

• To investigate the effects of the bioorganic 

composition on the resistance of trees to diseases, 

specifically pine blister rust, fusariosis, and white 

pine blister rust. 

• To compare the effectiveness of the 

biopreparation with conventional chemical means 

of protecting forest stands. 

• To assess the long-term effect of the bio-organic 

composition on the state of forest ecosystems and 

the possibility of its widespread use in the forestry 

of Ukraine. 

A significant element of the study was that the proposed 

bio-organic preparation derived from biochemical 

fractions of basidiomycetes represented a new alternative 

to chemical pesticides and fungicides. The use of 

biological products not only protects plants from pests, but 

also enhances their growth, increases photosynthetic 

activity, and improves disease resistance, making these 

strategies very relevant in sustainable forestry.  

2. Materials and Methods 

In the study of the feasibility of using the 

entomopathogenic fungal biological product Meganit 

Nirbator to protect pine stands from diseases and pests, the 

methodology was applied, which is regulated by the Law 

of Ukraine No. 180-XIV “On Plant Protection”6) and the 

FSC National Forest Stewardship Standard of Ukraine7). 

The study employed a field method to collect samples of 

plant litter on the soil surface from the stem circles of 

model trees and to collect caterpillars from tree crowns. 

The laboratory method was used for species identification 

and physiological monitoring of caterpillars. The study 

employed an entomopathogenic fungal biological product 

with a titre of 6 bn spores/g and a concentration of 1%, 2%, 

and 5%. The collected materials were placed in gauze 

cages with branches of Scots pine. The caterpillars of three 

pest species were selected: the common pine shoot beetle 

(165 caterpillars, 55 individuals for each age, in three 

replications), the larger shothole borer, and the pine 

hermes (the total number of their caterpillars was 120 

individuals, 40 individuals for each species), which were 

diapaused on tree boles and in the soil. The experiments 

with the common pine shoot beetle larvae were conducted 

using caterpillars of the third, fourth, and fifth instars. A 

method for research comparing control plots and plots 

affected by fires involved using the Sørensen-

Chekanovsky species similarity index to assess the degree 

of change in vegetation cover in different types of forest 

vegetation conditions. 

Field studies were conducted at sites located in the forest 

ecosystems of Sumy region, namely in the forests of the 

State Enterprise SE “Forests of Ukraine”, Konotop 

Forestry Branch, SE “Forests of Ukraine”, Lebedynske 

Forestry Branch, and in the Mykhailivska Tsilyna Nature 

Reserve. During the laboratory stage, the composition was 

pre-tested on seedlings grown under controlled conditions. 

The field stage included the application of the composition 

on seedlings and young trees in natural conditions to 

combat diseases such as pine blister rust, fusariosis, and 

white pine blister rust. A total of 100 seedlings were 

selected for the study. The chlorophyll content was 

measured using the gasometric method. 

At the field stage, the following was carried out: selection 

of a site for planting seedlings; treatment of seedlings with 

an organic composition before planting; monitoring of the 

growth and physiological condition of trees for 3 months, 

one and 2 years. To determine the amount of Meganit 

Nirbator per hectare, the required number of grams per 

square metre should be calculated, and then this value 

should be converted to hectares. When calculating the 

number of grams of the biopreparation per square metre, 

the following data were obtained: 

8.05 bn spores

6 bn spores/g
=1.34167 g/m². 

When converting the value per hectare, the corresponding 

values were obtained: 

1.34167
g

𝑚2 ×
10,000 𝑚2

ha
= 13.4167 g/ha. 

Seedlings and young trees of Scots pine (Pinus sylvestris), 

aged from one to three years, were used for the study. The 

organic composition was created based on biochemical 

fractions of the basidiomycetes Meganit Nirbator. The 

following equipment and products were used to control the 

number of pests in the samples: Gruntek HS-1.5 hand 

sprayers (manufactured in China), pheromone traps for 

Scolytidae pests (manufactured in China), and Beauveria 

bassiana biological pathogenic agents (manufactured in 

the USA). The chlorophyll content was measured using a 

Floratest portable fluorometer. 

3. Results 

In this study, it was decided to investigate a bioorganic 

composition intended for the rehabilitation of forest 

ecosystems. The bio-organic composition Meganit 

Nirbator is an innovative product based on biochemical 

fractions of basidiomycetes, designed to restore forest 

resources after fires. Basidiomycetes, or cap fungi, have 

unique properties that can help restore soil and improve its 

fertility, making them a promising tool for environmental 

rehabilitation. 

According to previous studies, it became known that the 

treatment of seedlings and young pine trees with the 

bioorganic composition Meganit Nirbator, created based 

on biochemical fractions of basidiomycetes and 
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recommended for use by the Department of Physiology, 

Plant Biochemistry, and Bioenergy of the National 

University of Life and Environmental Sciences of Ukraine, 

can be a preventive measure against the pathogen of pine 

blister rust, fusariosis, and white pine blister rust, as well 

as pests8)-10). The findings of the laboratory stage revealed 

a positive effect of the organic composition on the growth 

and physiological state of pine seedlings (Table 1). 

The bioorganic composition stimulated the growth and 

development of Scots pine plants. With increasing solution 

concentration (from 1% to 5%), a gradual increase in 

height, trunk diameter, number of new shoots, and 

chlorophyll content was observed. The greatest positive 

effect was achieved when using a 5% solution of the 

biological product. 

After the field research, the findings of laboratory studies 

were confirmed and a long-term positive effect of the 

organic composition on the growth and stability of young 

pine trees was demonstrated (Table 2). The study found 

that the bioorganic composition, based on biochemical 

fractions of basidiomycetes, positively affected the growth 

and development of pine trees, particularly at higher 

concentrations (2% and 5%). These concentrations 

stimulated increases in height, trunk diameter, and the 

number of new shoots compared to the control group. The 

high chlorophyll content in the treated plants indicated 

enhanced photosynthetic activity, contributing to 

improved growth and better nutrient absorption. 

Additionally, the bioorganic composition enhanced the 

trees' protective properties, increasing their resistance to 

diseases such as needle blight and white pine rust, as well 

as reducing damage from pests like bark beetles and pine 

midges. This was likely due to the biologically active 

substances in the composition, which function as natural 

fungicides and insecticides. As a result, the preparation not 

only improved the growth and health of the trees but also 

helped reduce disease incidence and pest populations, 

ultimately benefiting the overall condition of the forest 

stands. 

The study was continued to confirm the long-term effect of 

the biological product on pine trees and the possibility of 

its widespread use in forestry. An additional observation 

was conducted for 2 years to assess the stability and 

effectiveness of the formulation on mature pine trees. The 

following parameters were measured: height, trunk 

diameter, number of new shoots, chlorophyll content,  

Table 1: Effect of bioorganic composition on the growth of pine seedlings (after 3 months) 

Group Height (cm) 
Trunk diameter 

(mm) 

Number of new 

shoots 

Chlorophyll 

content (mg/g) 

Control 25.3±1.2 4.1±0.3 3.2±0.4 1.4±0.1 

1% solution of the biological 

preparation 
27.8±1.5 4.5±0.3 3.7±0.5 1.7±0.2 

2% solution of the biological 

preparation 
30.2±1.4 4.8±0.2 4.1±0.4 1.9±0.2 

5% solution of the biological 

preparation 
33.1±1.3 5.2±0.3 4.6±0.5 2.1±0.2 

Table 2: Effect of bioorganic composition on the growth of young pine trees (after 12 months) 

Group Height (cm) 
Trunk diameter 

(mm) 

Number of new 

shoots 

Chlorophyll 

content (mg/g) 

Disease 

resistance (%) 

Control 38.5±2.1 5.4±0.4 4.2±0.5 1.5±0.2 60 

1% solution of the 

biological preparation 
42.3±2.2 5.9±0.4 4.8±0.4 1.8±0.2 70 

2% solution of the 

biological preparation 
46.7±2.4 6.3±0.3 5.4±0.5 2.0±0.2 80 

5% solution of the 

biological preparation 
52.1±2.5 6.8±0.4 6.1±0.5 2.3±0.2 90 

Table 3: Effect of bioorganic composition on the growth of adult pine trees (after 24 months) 

Group Height (cm) 

Trunk 

diameter 

(mm) 

Number 

of new 

shoots 

Chlorophyll 

content 

(mg/g) 

Disease 

resistance 

(%) 

Number of pests 

(specimens/tree) 

Control 65.4±3.2 8.3±0.5 5.2±0.6 1.6±0.3 50 70 

1% solution of the 

biological preparation 
70.3±3.4 8.7±0.5 5.8±0.6 1.9±0.2 60 50 

2% solution of the 

biological preparation 
75.8±3.5 9.2±0.4 6.4±0.6 2.1±0.2 70 35 

5% solution of the 

biological preparation 
81.5±3.6 9.7±0.5 7.1±0.6 2.4±0.2 80 20 
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disease resistance, and number of pests (Table 3). 

According to the data obtained, the positive effect of the 

bioorganic composition continued for 2 years. The best 

results were observed in the groups with a concentration of 

2% and 5%, which confirmed the effectiveness of these 

concentrations in stimulating the growth and resistance of 

pines. The increase in trunk height and diameter was 

greatest in the 5% solution group. The difference between 

control and treated trees stayed significant. The number of 

new shoots and chlorophyll content were significantly 

higher in the treated plants, indicating increased 

photosynthetic activity. A prominent level of disease 

resistance was found in the treated plants, especially in the 

group with 5% solution, which reduced the risk of 

infections. The number of pests was significantly reduced, 

which confirmed the effectiveness of the bio-organic 

solution as a natural insecticide. 

The pine trees were treated by applying the composition 

created by mixing the isolated fractions with organic 

solvents to the surface of the tree bark (Table 4). 

It was found that the treatment with the composition 

against all three types of pests: the common pine shoot 

beetle, the larger shothole borer, and the pine hermes, 

provided a significant reduction in their number (from 80% 

to 85%). According to the findings of the study, it was 

found that the organic composition based on biochemical 

fractions of basidiomycetes reduced the level of disease 

infections among pine trees (Table 5). 

Pine blister rust infection decreased from 40% in the 

control group to 10% in the treated group, representing a 

75% reduction in infection. Fusariosis infection rates 

decreased from 35% in the control group to 8% in the 

treated group, representing a 77.1% reduction in infection. 

The infection rate of white pine blister rust decreased from 

25% in the control group to 5% in the treated group, 

resulting in an 80% reduction in infection. Due to its 

environmental safety, this formulation can be used as an 

alternative method of plant protection compared to 

chemical pesticides and fungicides. 

The Law of Ukraine No. 180-XIV “On Plant Protection” 

(1998) governs plant protection practices within Ukraine, 

establishing the legal framework for managing plant 

diseases, pests, and the use of protective products. This law 

provides guidance on what substances and biological 

agents are permitted for plant protection, ensuring that only 

approved chemicals and biological agents, like the 

entomopathogenic fungal biological product Meganit 

Nirbator, are used in ways that minimize environmental 

impact and public health risks. In your study, referencing 

this law is essential to underline the legal validity of using 

such a product, confirming that the methodology adheres 

to Ukrainian agricultural and environmental standards. By 

citing this law, the research indicates that the study 

followed national regulations concerning plant protection 

and pesticide use, ensuring compliance with local laws and 

sustainable practices. 

The Forest Stewardship Council (FSC) National Forest 

Stewardship Standard of Ukraine sets the criteria for forest 

management practices, including the management of pests 

and diseases, aimed at maintaining ecological integrity and 

sustainable forestry practices. The standard is designed to 

prevent overexploitation, protect biodiversity, and ensure 

that forest management activities do not degrade the 

environment. By referencing this standard, the study aligns 

itself with globally recognized principles for sustainable 

forest management, as the FSC is known for promoting 

responsible forest management worldwide. The 

methodology applied in your study, particularly in the 

context of pest and disease management, must adhere to 

these sustainability criteria, ensuring that forest 

management is not only effective in protecting against 

pests but also in maintaining the long-term health and 

biodiversity of the forest ecosystems. 

Table 6 showed the mortality rates of caterpillars of 

herbivorous phytophages of the common pine shoot beetle 

infected with the biopreparation solution depending on age 

and temperature. 

According to the findings of this study, it was found that 

the population of third instar caterpillars collected from 

leaf litter and soil surface is particularly vulnerable to the 

action of B. bassiana, the biological basis of the biological 

product. With increasing temperature, the LT50 (days) 

value (time required for 50% of the population to perish) 

decreased. This indicated that the effectiveness of the 

bioorganic composition increased at hotter temperatures. 

The air temperature within 13-18°C for 8.4-10.5 days 

contributed to the death of 50% of the population of 

common pine shoot beetle caterpillars. With increasing 

temperature, the period of caterpillar death was reduced. 

Common pine shoot beetle caterpillars at later stages of 

phytophage development (L4, L5) require more time to 

perish under the influence of the biological product. 

According to the data on the dynamics of mortality of 

caterpillars of the third instar, it is advisable to take 

Table 4: Results of pine treatment against pests 

Pests 
Control group (no 

treatment) 
Treated group Pest reduction 

Common pine shoot beetle (Tomicus 

piniperda L.) 
50 specimens / tree 10 specimens / tree 80% 

Larger shothole borer (Scolytus mali) 30 specimens / tree 5 specimens / tree 83.3% 

Pine hermes (Pineus pini Hermes) 20 specimens / tree 3 specimens / tree 85% 
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Table 5: Results of treatment of pine trees against diseases 

Disease 
Control group (no 

treatment) 
Treated group 

Infection 

reduction 

Pine blister rust (Peridermium pini) 40% infected trees 10% infected trees 75% 

Fusariosis (Fusarium) 35% infected trees 8% infected trees 77.1% 

White pine blister rust (Cronartium ribicola) 25% infected trees 5% infected trees 80% 

Table 6: Indicators of mortality dynamics of caterpillars infected with the biological product depending on age and temperature 

Types of herbivorous phytophages 

Time required to kill 50% of the LT50 caterpillar population (days) at 

temperature 

Phase of phytophage 

development 
13°C 18°C 23°C 28°C 33°C 

Common pine shoot beetle (Tomicus 

piniperda L.) 

L3 10.5 8.4 5.2 2.5 1.2 

L4 17.2 11.3 7.5 5.5 2.5 

L5 20.5 19.3 14.5 9.6 7.4 

Larger shothole borer (Scolytus mali) L3 31.7 30.2 25.3 19.2 5.2 

LSD05       

Pine hermes (Pineus pini Hermes) L5 19.1 15.6 11.3 4.5 4.9 

LSD05       

Note: L3, L4, L5 – caterpillars of phytophages of different ages. 

 

measures to apply the solution to the places of diagnosis of 

the phytophage. The diagnosing caterpillars of the fifth 

instar pine hermes, as well as the caterpillars of the third 

instar of the larger shothole borer beetle, were much more 

resistant to the action of the biological product, and, 

accordingly, the period of their death was longer. Thus, it 

can be concluded that the effectiveness of the bioorganic 

composition depended on the temperature of the 

environment, the developmental stage of the caterpillars, 

and the type of herbivorous phytophages. Hotter 

temperatures resulted in faster caterpillar mortality, and 

caterpillars at later stages of development were more 

resistant to infection. 

When compared with the larger shothole borer and pine 

hermes, it was found that the caterpillars of the common 

pine shoot beetle were more favourable to the effect of the 

preparation. Table 7 presents the toxicological parameters 

of the biological product activity against caterpillars of 

different age groups of phytophages. The biopreparation 

demonstrated different toxicological parameters (LC50) for 

distinct stages of caterpillar development of different 

phytophagous species. For example, for caterpillars of the 

common pine shoot beetle in the phases L3, L4, and L5, the 

concentration of the bioorganic agent that causes the death 

of 50% of the caterpillar population LC50 (days) 

percentage of the preparation increased from 0.025% to 

0.050% due to the increase in the physiological state of 

caterpillars from active to ready to fly. As for the top bark 

beetle and pine hermes, the LC50 value also varied 

depending on the stage of caterpillar development, 

indicating a variation in the effectiveness of the 

preparation depending on the stage of the phytophage life 

cycle. Table 8 presents the consumption rates of the 

biological product. The number of grams of biological 

product per square metre was 13.4167 g/ha. Thus, for 

effective protection of Scots pine stands from third instar 

caterpillars, 13.42 g/ha of the biological product with a titer 

of 6 bn g/ha should be used. The bioorganic composition 

Table 7: Toxicological parameters of biological product activity against caterpillars of different ages of phytophages 

Types of herbivorous 

phytophages 

Phase of 

phytophage 

development 

Physiological state of 

caterpillars 

Concentration of the bio-organic agent that 

causes the death of 50% of the caterpillar 

population LC50 (days) 

% by preparation 

Term of 

determining days, 

days 

Common pine shoot beetle 

(Tomicus piniperda L.) 

L3 Active, healthy 0.025% 14 

L4 Development of organs 0.040% 18 

L5 Large, ready to fly 0.050% 22 

Larger shothole borer (Scolytus 

mali) 
L3 Active, newly hatched 0.030% 12 

Pine hermes (Pineus pini Hermes) L5 
Mature, with a large 

nutrition supply 
0.045% 20 

Note: L3, L4, L5 – caterpillars of phytophages of different ages. 
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Table 8: Indicators of consumption rates of a biological product for the protection of pine stands depending on the age of the common 

pine shoot beetle caterpillars 

Instar of pine shoot 

beetle caterpillars 

Concentration of a bio-organic agent that causes 

the death of 90% of the caterpillar population 

LC90 (bn spores/ml) as a function of phytophage 

mortality 

Parameters of B. bassiana spore vitrates, 

bn/m2 

Plant residues – soil surface Total mortality rate 
For plant 

protection needs 

To destabilise the 

effective part of the 

phytophage 

Second 0.025 0.005 1.5 0.41 

Third 0.040 0.003 8.05 0.35 

Fourth 0.55 0.070 12.55 1.20 

stimulated the growth and development of Scots pine 

plants. With increasing solution concentration, a gradual 

increase in height, trunk diameter, number of new shoots 

and chlorophyll content was observed. The use of the bio-

organic composition reduced the use of chemical 

pesticides and fungicides, which positively affected the 

ecological state of the region. The high effectiveness of the 

biological product in controlling pests and diseases, as well 

as stimulating plant growth, makes it an attractive solution 

for forestry enterprises seeking to ensure sustainable use of 

forest resources. 

Forestry managers should consider adopting bioorganic 

products like Meganit Nirbator for pest and disease 

management as a sustainable alternative to chemical 

pesticides. These products can be integrated into broader 

pest management strategies and applied to various tree 

species, promoting sustainability across forest 

ecosystems11),12). Establishing a monitoring system to track 

the long-term effectiveness of bioorganic treatments is 

essential, with key indicators like tree growth and disease 

resistance measured over time. Bioorganic products should 

be incorporated into forest management plans focused on 

biodiversity protection, particularly in forest rehabilitation 

efforts. 

Optimizing application rates and timing based on 

environmental conditions and pest life cycles will 

maximize effectiveness. Training forestry personnel in the 

safe use of these products is vital for successful application. 

Collaboration with research institutions will ensure that 

forest management practices stay aligned with the latest 

scientific advancements in bioorganic pest control. Public 

awareness and policy support are also crucial for 

encouraging broader adoption of eco-friendly pest 

management methods. 

Protecting pine stands from pests and diseases is critical to 

maintaining the ecological balance in the region. Pine trees, 

as dominant species in many forest ecosystems, play a 

pivotal role in regulating the environment13). When 

affected by diseases and pests, they can cause significant 

environmental problems, including reduced biodiversity, 

as many species depend on pine forests for habitat, food, 

and shelter. The loss of healthy pine trees disrupts this 

delicate balance, leading to the decline of dependent 

species and the loss of ecosystem services. 

The degradation of pine forests due to pests and diseases 

can lead to poorer air and water quality. Healthy forests act 

as carbon sinks, absorbing carbon dioxide from the 

atmosphere and reducing the impact of climate 

change14),15). When these forests are weakened or 

destroyed, their ability to capture carbon diminishes, 

exacerbating global warming. Furthermore, pine trees play 

an important role in regulating water quality by preventing 

soil erosion, filtering pollutants, and maintaining water 

retention in forest ecosystems. When forests are affected 

by diseases or pests, this role is compromised, leading to 

soil erosion, increased sedimentation in waterways, and 

reduced water quality16)-18). 

The experiment demonstrated that the bioorganic 

composition Meganit Nirbator significantly improved the 

growth, development, and disease resistance of pine trees. 

Higher concentrations (2% and 5%) were particularly 

effective in increasing tree height, trunk diameter, the 

number of new shoots, and chlorophyll content, while also 

enhancing resistance to diseases like pine blister rust and 

fusariosis. The product also reduced pest populations, 

showing its effectiveness in controlling common pests 

such as the pine shoot beetle. Long-term effects observed 

over two years confirmed its potential as a sustainable 

alternative to chemical pesticides, supporting both tree 

health and forest ecosystem management. The findings 

suggest that bioorganic products can be integrated into 

forestry practices for more environmentally friendly pest 

control and forest rehabilitation. 

4. Discussion 

The findings revealed that the application of the bioorganic 

composition significantly improved the growth and 

development of pine stands, as evidenced by increased tree 

height, trunk diameter, and the number of new shoots. This 

positive effect can be attributed to the bioactive 

components in the bioorganic composition, which 

stimulate the physiological processes of the trees. The 

higher concentrations of the bioorganic solution (2% and 

5%) were particularly effective, resulting in enhanced 
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chlorophyll content, indicating improved photosynthetic 

activity. This increase in growth and health also correlates 

with the observed improvement in disease resistance, as 

trees treated with the bioorganic product showed a notable 

reduction in infection rates from pine blister rust, fusariosis, 

and white pine blister rust. These results suggest that the 

bioorganic composition not only supports the physical 

growth of pine trees but also boosts their ability to 

withstand environmental stresses, further reinforcing the 

potential of bioorganic products as an environmentally 

friendly alternative to chemical pesticides in forest 

management. 

The application of bioorganic products like Meganit 

Nirbator presents significant economic advantages in 

forest management, particularly in pest and disease control. 

This product, derived from biochemical fractions of 

basidiomycetes, provides an effective and sustainable 

alternative to chemical pesticides and fungicides, reducing 

the need for costly chemical treatments. Its long-term 

efficacy, as demonstrated in the study, not only supports 

the growth and health of pine trees but also minimizes the 

environmental impact by reducing the use of harmful 

chemicals, which can contaminate soil and water resources. 

By promoting the natural resilience of pine forests against 

pests and diseases, the bioorganic composition contributes 

to the overall stability and productivity of the forest 

ecosystem, ensuring that it remains a valuable resource for 

timber, biodiversity, and carbon sequestration. 

The cost-effectiveness of using bioorganic products in pest 

and disease management can be observed through the 

reduction in pest populations, lower disease incidence, and 

improved tree health, which directly translates to higher 

productivity in forest stands19). Over time, this reduces the 

need for costly interventions, such as extensive pest control 

or the restoration of heavily damaged forest areas. 

Additionally, integrating bioorganic products into forest 

management strategies helps maintain biodiversity and 

supports forest regeneration efforts, which are essential for 

long-term ecological balance20)-22). This approach 

enhances the economic sustainability of forestry 

enterprises, contributing to both environmental protection 

and forest resource conservation, crucial for the future of 

sustainable forestry in Ukraine and beyond. 

The environmental safety of using the Meganit Nirbator 

bioproduct is an important aspect in terms of its impact on 

biodiversity, soil microflora, and long-term benefits for the 

ecosystem. Since bioorganic products use natural 

components, such as biochemical fractions of 

basidiomycetes, they have a lower negative impact on the 

environment compared to traditional chemical pesticides23). 

They not only control pests and diseases but also maintain 

the natural balance of the ecosystem, contributing to the 

restoration and maintenance of forest ecosystem health. 

The impact on biodiversity is manifested through 

improved conditions for the development of various 

species, including beneficial insects, soil organisms, and 

plants. The use of biological products helps to reduce pest 

populations while preserving the integrity and health of 

other organisms that depend on these ecosystems24),25). 

Biological products, free from toxic chemicals, do not 

harm non-target species, helping maintain ecological 

balance in forests. 

Soil microflora is also an important target for biological 

products. Basidiomycetes have the ability to restore soil 

and improve its fertility, which helps maintain healthy 

microflora and improve soil structure. This reduces the risk 

of erosion and promotes stable growth of forest crops. 

Long-term benefits for the ecosystem include improved 

water retention properties of soils, reduced water pollution, 

and preservation of forest health, which contributes to their 

resilience to climate change26),27) 

There was a significant increase in the height, trunk 

diameter, number of new shoots, and chlorophyll content 

of the treated trees, indicating increased photosynthetic 

activity. Furthermore, the use of the biopreparation led to 

a significant reduction in the number of pests (by 80-85%) 

and a decrease in the level of infection with diseases such 

as pine blister rust, fusariosis, and white pine blister rust28)-

30). 

It was found that for effective protection of Scots pine trees 

from third instar caterpillars, the required dose was 13.42 

g/ha of the biological product with a titre of 6 bn g/ha. 

Fettig et al.31) raised an analogous question in their study. 

The researchers found that lower doses of verbenone 

SPLAT® verb (7 g/tree) can be effectively used to protect 

pine trees from the mountain pine beetle (Dendroctonus 

ponderosae Hopkins). The statement can be agreed with, 

as really low doses of verbenone can act for a long time, 

providing long-term protection of trees from pests. It was 

noted that infection with pine blister rust decreased from 

40% in the control group to 10% in the treated group. 

Kuang et al.32) investigated an analogous problem. The 

researchers found that the use of multi-temporal satellite 

data significantly improved the accuracy of monitoring 

forest stands affected by pine wilt disease compared to the 

use of simultaneous satellite images. The findings of the 

present study did not coincide with the conclusions of 

Kuang et al., as the researchers conducted a detailed study 

at the local level using additional ground-based monitoring 

methods and laboratory analysis, which enabled them to 

identify different stages of the disease and apply prompt 

and effective control measures. 

It was found that fusariosis infection decreased from 35% 

in the control group to 8% in the treated group. Youssef33) 

investigated an analogous issue. The researcher found that 

latent root infections of Scots pine trees in areas with a low 

risk of infection with the root sponge disease 

Heterobasidion annosum s. l. were quite common. 

Furthermore, these infections were more common in plots 

with a greater site index, indicating a greater probability of 
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infection in trees on more fertile soils. This statement 

should be accepted, as a greater site index may indicate a 

greater stand density and greater competition for resources, 

which can weaken trees and make them more vulnerable 

to infections. This study aligns with and extends existing 

research on forest pest and disease management. Youssef's 

findings highlighted the link between site conditions and 

tree vulnerability to infections. In contrast, this study 

demonstrated that bioorganic treatments based on 

basidiomycetes can effectively reduce pest populations 

like the larger shothole borer. While Youssef’s33) study 

suggests that fertile soils may increase disease 

susceptibility, this research shows that bio-based products 

can mitigate pest infestations, offering a sustainable 

solution for managing tree vulnerability in such conditions. 

This approach contributes to the broader knowledge of 

sustainable forest health management. 

Golan et al.34) investigated an analogous issue. According 

to the findings of these scientists, the use of trap trees and 

their treatment with bifenthrin reduced the number of dead 

trees in stands, which indicated the effectiveness of such 

measures to prevent the spread of bark beetles. Analogous 

findings were obtained in the study, according to which it 

was found that after the application of the bio-organic 

composition, the number of larger shothole borer pests 

decreased by 83.3%. The caterpillars of the third instar of 

the larger shothole borer were much more resistant to the 

biological preparation, and therefore the time of their death 

was longer. Erbilgin et al.35) considered the results of these 

indicators, noting that pine trees exposed to bark beetle 

attacks and drought showed a significant decrease in 

carbohydrate reserves, which limited their ability to 

synthesise protective diterpenes and increased the 

probability of tree death due to physiological exhaustion 

and mechanical damage to vascular tissue by beetles. 

For the caterpillars of the larger shothole borer in the L3 

phase, the LC50 (days) percentage value of the preparation 

was 0.030%, while the caterpillars were in an active 

physiological state and had recently hatched. Eroglu and 

Harman36) studied an analogous issue. According to their 

findings, the effectiveness of pheromone traps was 

extremely low during the epidemic, and therefore the most 

effective method of controlling bark beetles during 

epidemic periods was the method of ‘trap trees’. The 

findings of Eroglu and Harman should be agreed with, as 

the method of “trap trees” allows attracting and destroying 

a considerable number of bark beetles without the use of 

chemicals, which is a more environmentally friendly 

approach. It was demonstrated that air temperature within 

28-33°C for 5.2-19.2 days contributed to a reduction in the 

death of caterpillars of the larger shothole borer beetle. 

Haseeb37) conducted an analogous study. According to the 

findings of this researcher, the invasions of the southern 

pine beetle and black terpentine beetle were limited to trees 

that were damaged by fire, lightning, or other pests, but 

pines that were under stress due to drought or shading were 

rarely attacked. This statement can be agreed with, as 

beetle infestations are often observed in conditions where 

trees are vulnerable due to physical or biological damage. 

The findings of this study align with Haseeb’s37) research, 

which emphasized that pests, such as the southern pine 

beetle and black terpentine beetle, tend to infest trees 

weakened by physical or biological stress. Similarly, this 

study showed that bioorganic treatments significantly 

reduced pest populations, including the larger shothole 

borer, supporting the notion that pest control can be most 

effective when trees are in a healthy, non-stressed state. 

This research contributes to the broader understanding of 

forest pest dynamics and the role of environmental factors 

in pest vulnerability. 

It was recorded that the treatment with the bio-organic 

composition demonstrated effectiveness in the fight 

against the larger shothole borer, reducing their count to 5 

specimens per tree, compared to the control group, where 

their count was 30 specimens per tree. Hansen et al.38) 

investigated an analogous issue. It was noted that climatic 

water deficit significantly affected the probability of 

infestation, showing that periods of pronounced water 

stress could contribute to the spread of beetles and further 

damage to the pine forest. The findings obtained in the 

present study differed from the conclusions drawn in 

Hansen et al., which could be conditioned by differences 

in the research methods used, such as the method of 

estimating abiotic conditions (temperature, precipitation) 

using Daymet interpolation in the analysed study and the 

field method in the present study. The caterpillars of the 

fifth instar of the pine hermes (Pineus pini Hermes) were 

significantly more resistant to the biological product, and, 

accordingly, the time of their death was longer. Heiðarsson 

et al.39) explored the issue under study. According to their 

study, lodgepole pines of Icelandic origin were less 

susceptible to woolly aphid (Pineus pini) invasion 

compared to pine stands of non-Icelandic origin, which can 

be explained by natural selection, which contributed to the 

adaptation of lodgepole pine in Icelandic conditions. The 

findings of the present study did not coincide with the 

findings of Heiðarsson et al. 39) as the researchers analysed 

the resistance to the effects of a bioorganic composition. 

The effectiveness of treating pine trees with a bioorganic 

composition against pine blister rust disease showed a 75% 

reduction in infection. Zhang and Stenlid40) also explored 

this issue. The researchers found that the protocols for 

monitoring and managing the pine blister rust epidemic, 

developed to detect the rust fungus (Cronartium pini), 

were effective and specific for identifying this fungus in 

pine samples. These protocols were used not only to detect 

the presence of this pathogen in asymptomatic and 

symptomatic trees, but also to track the occurrence of Scots 

pine rust in northern Europe. The conclusions presented in 

the current study differed from those of Zhang and Stenlid, 
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as the study focused on the use of a bioorganic composition 

based on biochemical fractions of basidiomycetes to 

control pine blister rust disease, while Zhang and Stenlid 

investigated the protocols for monitoring and managing 

the epidemic of this disease. 

In this study, the use of bioorganic preparations based on 

basidiomycetes to protect pine forests from pests and 

diseases demonstrated promising results. Similar 

approaches have been explored in other studies, 

highlighting the potential of biofungicides for managing 

forest health. For instance, Liu et al.41) examined the 

resistance of limber pine to white pine blister rust, which, 

like fusariosis in this study, shows the importance of 

disease resistance in forest management. The results of this 

study are consistent with this research on disease resistance, 

particularly regarding white pine blister rust. Just as Liu et 

al. highlighted the importance of resistance in managing 

forest diseases, this study demonstrates that the bioorganic 

composition enhances pine tree resistance to diseases like 

fusariosis and white pine blister rust. This supports the 

growing body of literature emphasizing the role of 

biological treatments in improving disease resistance and 

overall forest health management. 

The cost-effectiveness of using natural treatments, such as 

bioorganic compositions, aligns with Maaß and 

Kehlenbeck’s42) cost-benefit analysis of aerial spraying for 

pest control in Germany, which indicates the growing 

interest in sustainable pest management strategies. The 

findings of this study regarding the effectiveness and cost-

efficiency of bioorganic compositions for pest and disease 

control align with Maaß and Kehlenbeck's cost-benefit 

analysis of sustainable pest management strategies. Their 

work highlights the increasing preference for 

environmentally friendly treatments over traditional 

methods like aerial spraying, reinforcing the broader trend 

in forestry toward integrating natural and bio-based 

solutions to enhance both ecological sustainability and 

cost-effectiveness in pest control. 

Cardinal et al.43) also explored the role of volatile 

compounds in reducing mortality in whitebark pines, 

further supporting the efficacy of bioactive compounds in 

forest health management. The integration of fungal 

treatments for pest control, such as those derived from 

Suillus bovinus and Gomphidius roseus, also parallels the 

use of basidiomycetes in this study to enhance pine 

resilience44). 

Similarly, the findings of Figueroa-Corona et al.45) on the 

defense responses in whitebark pine to blister rust 

infections highlight the potential of bioorganic agents to 

activate defense mechanisms in trees. This study’s 

emphasis on reducing the use of chemical pesticides and 

fungicides aligns with current trends in sustainable forestry 

practices, as demonstrated by Martos and Domínguez-

Núñez46), who noted the importance of soil microbial 

health in forest ecosystems. The long-term benefits 

observed in this study are consistent with research 

indicating that biofungicides can enhance forest ecosystem 

resilience, as seen in other studies focused on pine species, 

such as the work by Assyov and Slavova47) on the role of 

macrofungi in forest stands. Overall, the findings of this 

study contribute to the growing body of research 

supporting bioorganic approaches as an effective and 

sustainable method for protecting pine forests from pests 

and diseases, with potential applications in global forestry 

management strategies. 

The study of bioorganic compositions for the protection of 

pine stands aligns with recent research on forest health, 

particularly in relation to disease resistance and microbial 

interactions. For example, Stein Åslund et al.48) identified 

distinct metabolic profiles in Scots pines tolerant to 

Melampsora pinitorqua and Diplodia sapinea, offering 

insights into the complex biochemical mechanisms that 

contribute to pine resilience against pathogens. Similarly, 

Liu et al.49) documented the virulence of a Cronartium 

ribicola race affecting limber pine restoration in Alberta, 

underscoring the importance of identifying genetic 

resistance and managing pathogens effectively to maintain 

forest health. The findings of this study, which show 

increased resistance to diseases like fusariosis and pine 

blister rust in treated pine seedlings, complement these 

studies by demonstrating that biological treatments, such 

as those based on basidiomycetes, can enhance tree 

defense mechanisms. This aligns with previous research, 

such as Li et al.50), who examined the impact of pine wilt 

disease on the endophytic microbial communities of Pinus 

koraiensis, highlighting the significance of soil 

microbiomes and the role of fungi in plant health. The use 

of bioorganic treatments in this study also suggests 

potential applications for managing microbial interactions 

within pine ecosystems, similar to those observed in other 

pine species facing diverse pathogen pressures. 

As a result of the conducted studies, it was found that a 

bioorganic composition based on biochemical fractions of 

basidiomycetes is an effective and environmentally 

friendly means of protecting pine stands. It helps to 

improve tree growth, increases their resistance to pests and 

diseases, providing a long-term positive influence on forest 

ecosystems. The findings confirmed the prospects of using 

biological products as an alternative to chemical pesticides 

for sustainable forestry. 

5. Conclusions 

The findings of the present study demonstrated the great 

efficiency of a bioorganic composition based on 

biochemical fractions of basidiomycetes in protecting pine 

stands from pests and diseases. The use of this biological 

preparation significantly improved the growth and 

development of trees, increasing the height, trunk diameter, 

and number of new shoots compared to the control group. 
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There was also an increase in the photosynthetic activity of 

the trees, as evidenced by an increase in the chlorophyll 

content of the leaves of the treated plants. A vital 

advantage of the bio-organic composition lies in its ability 

to effectively reduce the count of pests, such as the 

common pine shoot beetle, larger shothole borer, and pine 

hermes, which resulted in a reduction of pest populations 

by 80-85%. 

Furthermore, the biopreparation proved to be effective in 

combating the main diseases affecting pine trees, including 

pine blister rust, fusariosis, and white pine blister rust. The 

use of the composition reduced the level of infection by 

75-80%, which indicates its great fungicidal activity. 

Importantly, the positive effect of the biological product 

was maintained for 2 years, which confirms its long-term 

effectiveness. Comparison of the findings with 

conventional chemical protection products revealed that 

the bio-organic composition is no less effective, but more 

environmentally friendly. It does not cause pollution of 

soil and water resources, preserving biodiversity and 

ecosystem stability. 

Thus, the use of bio-organic products, specifically 

compositions based on basidiomycetes, is a promising 

solution for sustainable forestry. They can provide 

effective protection of forest stands without harming the 

environment, which is especially significant in the context 

of the global transition to environmentally friendly 

management practices. Future research could be aimed at 

further investigating the mechanisms of action of 

bioorganic products, specifically their effects on various 

types of pests and diseases in diverse climatic conditions. 

It is especially promising to investigate the effects of 

biological products on ecosystem sustainability and 

interaction with other components of forest ecosystems, 

such as soil microorganisms and beneficial insects. It is 

also vital to explore the possibilities of combining bio-

organic products with other environmentally friendly plant 

protection methods to increase their effectiveness. In 

addition, methods for large-scale application of biological 

products in forestry should be developed to ensure their 

availability and practicality in real-world production. 

Further research may be directed toward studying the 

mechanisms of action of biofractions contained in 

bioorganic compounds in order to better understand their 

effectiveness in combating diseases and pests. Assessing 

the effectiveness of biological products in different 

climatic zones will help to determine how climatic 

conditions affect their effectiveness in forestry. In addition, 

an important area of research is a comprehensive analysis 

of the impact of bioorganic preparations on soil 

microorganisms, which will make it possible to assess the 

long-term ecological consequences for soil health and the 

biodiversity of forest ecosystems. 
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