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INTRODUCTION 
 
The importance of maintaining and stimulating the soil 
microbiome in agriculture is a highly relevant topic, given its 
substantial impact on both agricultural productivity and 
environmental sustainability (Cao et al., 2021; Feng 
2022; Zhang et al., 2024). Soil microorganisms play crucial 
roles in nutrient cycling, organic waste decomposition, nutrient 
solubilization, disease suppression, the maintenance of 
microbial communities in the rhizosphere, and the promotion 
of plant growth (Ma et al., 2021; He et al
processes such as immobilization and mineralization, as well 
as nitrogen fixation, phosphate solubilization, and organic 
matter mineralization, soil microorganisms play a key role in 
ensuring adequate plant nutrition. They help re
chemical fertilizers and are crucial in regulating the carbon 
cycle, contributing to the capture and storage of organic carbon 
in the soil (Moore et al., 2020; Pokharel et al
al., 2020; Wen et al., 2023; Huang et al., 2024).
vital functions, understanding and promoting the health of the 
soil microbiome is essential for sustainable agriculture. 
Investing in agricultural practices and technologies that 
enhance soil microbial diversity not only boosts crop 
productivity but also supports the conservation of natural
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ABSTRACT  

Global agriculture is rapidly adopting bioinputs for the sustainable management of crops. The use of 
symbiotic fungi and bacteria marks a significant technological 
efficient, and regenerative farming practices. Stimulating the activity of beneficial microorganisms in 
the soil is crucial for achieving high productivity while minimizing environmental impact. In this 
study, microbial agents commonly used in global agriculture were evaluated for their response to the 
biostimulant product Penergetic “p”. In vitro tests were conducted using both liquid and semi
fermentation of biological agents, with and without the biostimulant in the cu
growth and development were assessed based on growth diameter and spore count. The results 
showed that Penergetic “p” effectively stimulated the growth and development of all evaluated 
microbial agents, with average increases of over 35% for fungi and 130% for bacteria. This 
biostimulant has proven to be an efficient tool for enhancing the activity of microbial agents in 
agriculture. 
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microbiome in agriculture is a highly relevant topic, given its 
substantial impact on both agricultural productivity and 
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solubilization, disease suppression, the maintenance of 
microbial communities in the rhizosphere, and the promotion 

et al., 2024). Through 
processes such as immobilization and mineralization, as well 
as nitrogen fixation, phosphate solubilization, and organic 
matter mineralization, soil microorganisms play a key role in 
ensuring adequate plant nutrition. They help reduce reliance on 
chemical fertilizers and are crucial in regulating the carbon 
cycle, contributing to the capture and storage of organic carbon 
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soil microbiome is essential for sustainable agriculture. 
Investing in agricultural practices and technologies that 
enhance soil microbial diversity not only boosts crop 
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resources, ensuring long-term food and environmental security. 
At present, global agriculture is being transformed by the 
innovations offered by companies in the market. New 
technologies are influencing ev
machinery to sustainable management practices (Zhang 
2024). This includes advancements in soil microbiology. 
Among the technologies directly linked to regenerative 
agriculture and food production is Penergetic techno
Penergetic technology represents an innovation in agriculture 
and environmental management. Developed based on 
principles of bioenergy and biophysics, this technology 
employs special formulations to improve soil health, promote 
plant growth, and enhance agricultural productivity through 
magnetic and biophysical stimuli in microbial and plant cells 
(Ernstfried, 2009). Unlike many conventional approaches, 
Penergetic technology provides more than just direct benefits 
to plants; it takes a holistic approa
processes in the soil and strengthening interactions between the 
soil, plants, and microorganisms (Lertpatarakomol 
Sharib et al., 2020; Sharifi et al
Hata et al., 2021; Butkevičienė 
According to the manufacturer of Penergetic technology, it 
promotes beneficial microbial activity in the soil, optimizes 
water and nutrient use, enhances plant resistance to both biotic 
and abiotic stresses, and reduces nu
farmers can achieve higher crop yields while contributing to 
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agriculture is rapidly adopting bioinputs for the sustainable management of crops. The use of 
symbiotic fungi and bacteria marks a significant technological advance towards cleaner, more 
efficient, and regenerative farming practices. Stimulating the activity of beneficial microorganisms in 
the soil is crucial for achieving high productivity while minimizing environmental impact. In this 

commonly used in global agriculture were evaluated for their response to the 
biostimulant product Penergetic “p”. In vitro tests were conducted using both liquid and semi-solid 
fermentation of biological agents, with and without the biostimulant in the culture medium. Microbial 
growth and development were assessed based on growth diameter and spore count. The results 
showed that Penergetic “p” effectively stimulated the growth and development of all evaluated 
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term food and environmental security. 
At present, global agriculture is being transformed by the 
innovations offered by companies in the market. New 
technologies are influencing every aspect of agriculture, from 
machinery to sustainable management practices (Zhang et al., 
2024). This includes advancements in soil microbiology. 
Among the technologies directly linked to regenerative 
agriculture and food production is Penergetic technology. 
Penergetic technology represents an innovation in agriculture 
and environmental management. Developed based on 
principles of bioenergy and biophysics, this technology 
employs special formulations to improve soil health, promote 

nce agricultural productivity through 
magnetic and biophysical stimuli in microbial and plant cells 
(Ernstfried, 2009). Unlike many conventional approaches, 
Penergetic technology provides more than just direct benefits 
to plants; it takes a holistic approach by stimulating biological 
processes in the soil and strengthening interactions between the 
soil, plants, and microorganisms (Lertpatarakomol et al., 2017; 
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According to the manufacturer of Penergetic technology, it 
promotes beneficial microbial activity in the soil, optimizes 
water and nutrient use, enhances plant resistance to both biotic 
and abiotic stresses, and reduces nutrient leaching. As a result, 
farmers can achieve higher crop yields while contributing to 
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the conservation of natural resources and the sustainability of 
agricultural systems (Sharibet al., 2020; Goes et al., 2023). 
Given that stimulating microorganisms in the soil is a 
fundamental aspect of improving the quality of production 
systems, the objective of this study was to evaluate the effects 
of Penergetic “p” on the stimulation of the development and 
multiplication of microbial agents commonly used in global 
agriculture. 
 

MATERIAL AND METHODS 
 

The tests were conducted in the soil microbiology laboratory 
of BioTecRS (Santa Maria, Rio Grande do Sul, Brazil) to 
evaluate the effectiveness of the biostimulant (Penergetic “p”) 
in stimulating the growth and development of microbial agents 
in vitro. The biostimulant is produced by Penergetic 
International AG (Romanshorn, Switzerland). The microbial 
agents evaluated included the bacteria Azospirillum brasilense, 
the fungi Beauveria bassiana and Isaria fumosorosea 
(formerly Cordyceps fumosorosea), bacterial species from the 
Bacillus genus (B. amyloliquefaciens, B. aryabhattai, B. 
licheniformis, B. methylotrophicus, and B. subtilis), and fungal 
species from the Trichoderma genus (T. asperelloides, T. 
asperellum, T. harzianum, and T. virens).  
 

These microbial agents were isolated from commercial 
products, and their pure cultures were maintained on Potato-
Dextrose-Agar (PDA) culture medium. The tests to evaluate 
microbial growth with and without the biostimulant were 
carried out using both liquid and semi-solid fermentation 
processes. In the liquid fermentation process, 120 mL 
Erlenmeyer flasks containing 50 mL of Potato-Dextrose 
culture medium were used. For the semi-solid fermentation 
process, 90 mm diameter glass Petri dishes with 30 mL of 
Potato-Dextrose-Agar culture medium were used. For both 
fermentation processes, each microorganism or combination of 
microorganisms was tested in two treatments: one without the 
biostimulant (control treatment) and one with the biostimulant 
(treatment with the addition of 1.5% Penergetic “p” relative to 
the volume of the culture medium, either liquid or semi-solid). 
The biostimulant was added to the culture medium prior to 
sterilization in an autoclave at 1 atm and 120°C for 20 minutes. 
 
After the culture medium was naturally cooled, a 9 mm 
diameter disc of each microorganism was used as the initial 
inoculum. The inoculum was added to the liquid medium 
(liquid fermentation) or deposited in the center of each Petri 
dish (semi-solid fermentation), with 12 replicates for each 
treatment.  
 
The experimental units were maintained in a microbial growth 
chamber at 25°C with a 12-hour photoperiod. Bacterial growth 
was assessed 96 hours after incubation, while fungal growth 
was assessed 120 hours after incubation. For both bacterial and 
fungal agents, the number of spores per milliliter of culture 
medium was counted using a Neubauer chamber and an optical 
microscope with 400x magnification. Growth on solid culture 
medium was recorded to compare the growth rates between the 
control and Penergetic biostimulant treatments for each 
microbial agent evaluated. The results were transformed into 
percentages to quantify the stimulatory effect of the 
biostimulant for each treatment. The microbial growth data 
obtained were subjected to statistical analysis, and means were 
compared using the SISVAR statistical software (Ferreira, 
2011). 

RESULTS AND DISCUSSION 
 
A microbial stimulatory effect was observed with the 
biostimulant product at a concentration of 1.5% in the culture 
medium for all microbial agents evaluated. The most 
pronounced stimulatory effect was seen in bacterial agents, 
except for the fungus Isaria fumosorosea. Fungi from the 
Trichoderma genus and the species Beauveria bassiana 
showed a weaker response to the biostimulant stimulus (Table 
1). A species-specific response to the biostimulant was 
observed in promoting microbial growth. Among the Bacillus 
species, B. methylotrophicus and B. licheniformis exhibited the 
most intense response to the stimulus, with multiplication rates 
increasing by approximately 297.29% and 122.37%, 
respectively. Among the Trichoderma species, T. asperellum 
demonstrated the highest percentage of stimulation, with an 
increase in fungal agent multiplication of 46.66% (Table 1). 
Research on the effect of in vitro microbial stimulation has 
consistently demonstrated the significant benefits of using the 
biostimulant Penergetic “p” and its role in enhancing beneficial 
microbial activity in the soil (Artyszak et al., 2020; Steffen et 
al., 2020; Makaveckas et al., 2021; Marques et al., 2022). 
Studies have shown that the application of stimulating agents 
such as specific organic compounds, extracts of selected 
microorganisms, and biophysical and magnetic stimulation 
technologies like Penergetic can increase the diversity and 
metabolic activity of soil microorganisms. These include 
nitrogen-fixing bacteria, mycorrhizae, phosphate-solubilizing 
microorganisms, and decomposer organisms (Franco Júnior et 
al., 2019; Steffen et al., 2020; Kerdokas et al., 2020). 
 
These positive effects are often linked to improvements in 
plant nutrient availability, increased fertilizer use efficiency, 
and enhanced plant resistance to biotic and abiotic stresses. 
The results underscore the promising potential of promoting 
the soil microbiome as an effective strategy to optimize soil 
health and improve agricultural system sustainability. In 
agriculture, it is common to use combinations of 
microorganisms, such as two species from the same genus in a 
single product. Among the most used combinations are 
bacteria from the Bacillus genus and fungi from the 
Trichoderma genus, which are widely marketed as plant 
growth promoters or for plant pathogen control. The results of 
this study demonstrate that the Penergetic “p” product is an 
effective tool for enhancing the activity of these microbial 
agents, thereby improving the efficiency of microorganisms 
applied in the field. Stimulating microbial activity favors their 
establishment in field conditions, enabling microorganisms to 
fully express their agricultural and environmental potential, 
thus benefiting plant production processes. The microbial 
growth results obtained in semi-solid fermentation (culture 
medium) in terms of bacterial and fungal colony diameter 
showed superior microbial growth stimulation for bacterial 
agents compared to the fungal agents evaluated (Table 2). The 
stimulation was more intense in relation to the growth area 
(diameter of bacterial colonies) for bacteria (Figure 1). In 
fungi, particularly those of the Trichoderma genus, the 
response to the stimulus was more pronounced during 
sporulation (conidia maturation) (Figure 2). Given that 
microbial agents applied to the soil in the form of bioinputs 
must first establish themselves in the soil environment before 
expressing their full potential (in promoting plant growth, 
bioprotection, and biosulbilization), accelerating microbial 
growth enhances the conditions necessary for effective  
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Table 1 - Effect of stimulating microbial multiplication in vitro observed in the control and biostimulanttreatments on microbial 
agents multiplied by liquid fermentation 

 

Microorganism 
Control 

(Number in millions of spores) 
Biostimulant (Number in 

millions of spores) 
Biostimulation 

(Stimulus effect) 
CV (%) 

Azospirillum brasilense 132.80B2 665.73A 401.31% 1.62 
Bacillus amyloliquefaciens 13.00A 22.5A 73.07% 15.06 
Bacillus methylotrophicus 37.00B 147A 297.29% 6.33 
Bacillus subtilis 8.50B 15.45A 81.76% 16.54 
Bacillus aryabhattai 12.10B 22.05A 82.23% 14.19 
Bacillus licheniformis 9.50B 21.17A 122.37% 27.07 
Trichoderma asperelloides 85.20A 103.63A 21.63% 9.62 
Trichoderma asperellum 84.54B 124A 46,66% 4.82 
Trichoderma harzianum 82.30B 101.5A 23.32% 5.98 
Trichoderma virens 65.70B 88.19A 34.23% 4.10 
Beauveria bassiana 85.90B 118.59A 38.05% 3.59 
Isaria fumosorosea1 121.60B 306.30A 151.89% 18.22 

1Synonym of Cordyceps fumosorosea.; 2Means followed by the same letter in the rows do not differ according to Tukey's test at a 5% probability 
level. 
 

Table 2. Effect of stimulating microbial growth in vitro observed in control and biostimulant treatments on microbial agents 
multiplied by semi-solid fermentation 

 

Microorganism 
Control 

(growth area in mm2) 
Biostimulant 

(growth area in mm2) 
Biostimulation 

(Stimulus effect) 
CV (%) 

Azospirillum brasilense 3508.44B2 17122.23A 388,03% 2.84 
Bacillus amyloliquefaciens 2123.72B 5808.80A 173.52% 21.14 
Bacillus methylotrophicus 2341.08B 6991.20A 198.54% 8.01 
Bacillus subtilis 2018.79B 3535.10A 75.11% 14.66 
Bacillus aryabhattai 2202.93B 3942.14A 78.95% 17.25 
Bacillus licheniformis 2545.36B 5687.35A 123.44% 25.06 
Trichoderma asperelloides 19040.01B 24251.26A 27.37% 13.61 
Trichoderma asperellum 17254.52B 25074.26A 45.32% 5.89 
Trichoderma harzianum 18089.93B 21901.47A 21.07% 6.34 
Trichoderma virens 17555.23B 23337.92A 32.94% 5.88 
Beauveria bassiana 10117.56B 13303.65A 31.55% 4.27 
Isaria fumosorosea1 11532.81B 24378.05A 111.38% 15.49 
1Synonym of Cordyceps fumosorosea.; 2Means followed by the same letter in the rows do not differ according to Tukey's test at a 5% probability 
level. 

 
 

Figure 1. Growth of the bacteria Bacillus amyloliquefaciens with 96 hours of incubation in solid culture medium 
 in the control (A) and biostimulant (B) treatments 

 

 
 

Figure 2. Growth of the fungus Trichoderma harzianum with 120 hours of incubation in solid culture medium in the control (A) and 
biostimulant (B) treatments 
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microbial interaction and activity within the soil/plant system 
after application. In this context, biological stimulation 
alternatives are crucial tools for optimizing microbial 
symbioses in agriculture. The effect of biophysical stimuli on 
microbial activity is a complex phenomenon involving 
interactions between microorganisms and their physical 
environment. Several biophysical factors, such as temperature, 
pH, pressure, radiation, and vibration, can significantly 
influence the rate and nature of microbial metabolic activities 
(Larson, 2023; Chai et al., 2024). Among these factors, energy 
can accelerate enzymatic reactions, which in turn increases the 
rate of microbial growth. This acceleration leads to 
modifications in protein structure, thereby influencing 
microorganisms' ability to carry out essential functions. 
Additionally, exposure to specific frequencies and vibrations 
can induce either beneficial or harmful changes in 
microorganisms, resulting in alterations to their metabolic 
behavior. The use of vibrational energy as a microbial 
stimulator is an innovative approach that has generated 
increasing interest in microbiological research and 
biotechnology (Buffi et al., 2025). Vibrational energy, 
particularly within the infrasound or ultrasound ranges, can 
directly influence the metabolic activities and growth of 
microorganisms. The controlled application of these vibrations 
can enhance the permeability of cell membranes, facilitating 
the entry of water and nutrients, and improving the efficiency 
of metabolic processes, such as the production of industrial or 
biologically relevant compounds (Hu et al., 2023; Xu et al., 
2024). 
 
In-depth studies on the use of vibrational energy as a microbial 
stimulator are highly relevant, as this stimulus represents a 
promising research frontier with the potential to revolutionize 
several biotechnological and environmental applications. 
Microbial dynamics in agricultural soils is a complex and 
crucial process for the health and productivity of agricultural 
systems. Agricultural soils are home to a rich diversity of 
microorganisms that interact with one another and with plant 
roots, forming intricate trophic networks and regulating 
biogeochemical cycles. As such, understanding microbial 
dynamics in agricultural soils and recognizing the importance 
of maintaining soil biological activity are key to developing 
sustainable agricultural practices and promoting soil health and 
crop productivity. 
 

CONCLUSION 
 
Microbial agents widely used as bioinputs in agriculture were 
stimulated by the biostimulant product Penergetic “p” 
(produced by the Swiss company Penergetic). The addition of 
the biostimulant to the microorganism cultivation medium 
accelerated the activity and growth rate of both fungal and 
bacterial structures in the evaluated microorganism species. 
The biostimulation effect of Penergetic “p” varied depending 
on the species of microorganism. The highest percentage of 
biostimulation was observed for the bacterium Azospirillum 
brasilense (401.31%), followed by Bacillus methylotrophicus 
(297.29%). Among the other three Bacillus species, the 
biostimulation percentages ranged from 122.37% for B. 
licheniformis to 82% for B. subtilis and B. aryabhattai. Fungal 
agents showed less intense biostimulation effects with the 
addition of Penergetic “p” compared to bacterial agents, except 
for the fungus Isaria fumosorosea, which exhibited a 151.89% 
increase in growth due to the biostimulant. 

For the four species of the Trichoderma genus, the percentages 
of biostimulation ranged from 23% to 46%, with the highest 
being for T. asperelloides (46%) and the lowest for T. 
harzianum (23%). The multiplication of Beauveria bassiana 
was stimulated by 31.55% with the addition of Penergetic “p” 
to the culture medium. Based on the results of this study, there 
is strong evidence supporting the benefits of using Penergetic 
“p” to enhance the growth and multiplication of key 
agricultural bioinput agents. 
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