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INTRODUCTION

The European Union's strategic European Green 
Deal (included in the Farm to Fork Strategy) aims to 
promote sustainable agricultural production to ensure 
food security and achieve climate neutrality (Havryliuk 
et al., 2022; Nazranov et al., 2021). This includes 
a radical reduction in the use of pesticides and the 
promotion of organic farming practices (European 
Commission, 2019, 2020a, 2020b). As a result, both 
scientists and farmers are looking for effective natural 
preparations that enhance agricultural productivity.

Biopreparations offer one such alternative to chemi-
cal plant protection products (Ayilara et al., 2023; Fenibo 
et al., 2022; Narwade et al., 2023). Biopreparations can 
be used as biopesticides, biofertilizers, biostimulants, 
or biodegradation stimulators (Chakraborty et al., 2023; 
Marwal et al., 2022; Narwade et al., 2023; Parajuli 

et al., 2022; Pylak et al., 2019; Toader, Chiurciu, Filip, 
Burnichi, et al., 2020; Upadhyay et al., 2020). Based on 
their composition, biopreparations used in agriculture 
can be classified as fungal, bacterial, bacterial/fungal- 
enzymatic, bacterial- fungal, or enzymatic (Toader, 
Chiurciu, Maierean, Sevciuc, et al., 2020; Figure 1).

Biofertilizers are one of the best ways to increase 
or maintain the current rates of food production while 
ensuring environmental stability. They contain selected 
microorganisms such as Azospirillum, Azotobacter, 
Rhizobium, and Pseudomonas fluorescens (Divya 
et al., 2023; Upadhyay et al., 2021; Vishal et al., 2023) 
and/or various plant extracts (fruit, leaf, microal-
gal seaweed; Anli et al., 2023; Bairwa et al., 2023). 
Biofertilizers improve soil quality and support plant 
growth as a result of the synthesis of growth regulators, 
biocontrol of phytopathogens, or induction of immunity 
during stressful conditions. They can also improve the 
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absorption of hard- to- access elements, due to their 
ability to solubilize phosphorus, potassium, and zinc 
(Kumar et al., 2022; Singh et al., 2017). Biopesticides 
may be based on the action of microorganisms (e.g. 
bacteria such as Bacillus thuringiensis or moulds 
such as Verticillium leconi, Metarhizium anisopliae, 
or Trichoderma viride) or plant extracts (e.g. neem 
oil, citronella oil, or garlic water extract; Chakraborty 
et al., 2023; Marwal et al., 2022; Narwade et al., 2023; 
Parajuli et al., 2022; Steglińska et al., 2022; Upadhyay 
et al., 2020).

The EPA (United States Environmental Protection 
Agency) lists 390 commercially available biope-
sticides. Among these, 53 contain bacteria of the 
genus Bacillus as the active substance and 11 use 
Pseudomonas sp. Other microorganisms used in biope-
sticides include Agrobacterium, Alternaria, Aspergillus, 
Aureobasidium, Autographa, Beauveria, Trichoderma, 
and Streptomyces (Biopesticide Active Ingredients|US 
EPA). A separate group of biopreparations are accel-
erators for the decomposition of plant waste in agricul-
ture (Maharjan et al., 2022; Sivaramanan, 2014). Such 
biopreparations intensify the decomposition of organic 
residues and the circulation of nutrients in soil (Kotwica 
et al., 2021).

The growing interest in biopreparations is contribut-
ing to the expansion of the market for biotechnologi-
cal solutions (Havryliuk et al., 2022; Kyrychenko, 2015; 
Nazranov et al., 2021). The global biotechnology market 
is projected to reach 2 trillion USD in 2025, with agri-
cultural and environmental biotechnologies constituting 
5% of the market. A significant part of agricultural bio-
technology is associated with microbial biopreparations 

(Kyrychenko, 2015). However, the research literature 
on biopreparations is still insufficient. This applies es-
pecially to biopreparations for the decomposition of 
crop residues.

Despite the growing interest in biopreparations for 
crop residue decomposition, the current state of this 
field is characterized by considerable uncertainty. The 
existing regulatory framework is often ambiguous, re-
sulting in a lack of standardization and consistency in 
the production and marketing of these products. The 
increasing recognition among farmers of the impor-
tance of efficient residue management in maintain-
ing soil health and optimizing crop yields has led to 
a growing demand for biopreparations. However, the 
absence of clear guidelines and regulatory oversight 
is precipitating confusion among farmers, as well 
as researchers embarking on studies related to bi-
opreparations. The aim of this review is to present 
the current state of knowledge on biopreparations 
for the decomposition of crop residues in agriculture, 
with particular attention to the challenges and devel-
opment opportunities in this field. Furthermore, it will 
summarize key points regarding the legal and indus-
trial aspects of biopreparations for crop residues de-
composition. The review is composed of 4 parts: (1) 
mechanisms of decomposition of crop residues; (2) 
discussion on microbial preparations commercially 
available on the European market; (3) characteristic 
of biopreparations for decomposition of crop residues 
and optimal practices for their application; and (4) 
challenges for the biotechnology industry related to 
the increased demand for biopreparations and possi-
ble solutions. The review ends with conclusions and 

F I G U R E  1  Classification of biopreparations.
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an indication of the most important problems to be 
solved in future work.

This literature review summarizes the results of 104 
scientific articles published in the last 16 years (32 be-
tween 2008 and 2018 and 72 between 2019 and 2024), 
as the starting point for future work. The articles were 
selected based on quality and relevance from the data-
bases Google Scholar, PubMed, Web of Science, and 
Research Gate. This review also examines 8 current 
legal regulations as well as 34 websites related to bio-
preparations available on the European market.

MECHANISMS OF DECOMPOSITION 
OF CROP RESIDUES

Harvest residues are parts of plants that remain on the 
plot after harvest (Pržulj & Tunguz, 2022). The decompo-
sition of crop residues is important for several reasons. 
Firstly, it plays a crucial role in nutrient cycling and soil 
fertility, which ultimately supports healthy plant growth 
and high agricultural productivity (Bunas et al., 2022; 
Pržulj & Tunguz, 2022). Decomposition processes re-
lease nutrients from the residues, making them available 
for plant uptake and contributing to the overall nutrient 
content of the soil. Decomposition helps to maintain soil 
organic matter levels (Pržulj & Tunguz, 2022; Sánchez 
et al., 2018; Singh & Sharma, 2020). It also affects soil 
structure, water retention, and the overall microbial com-
munity, all of which impact soil health and ecosystem 
functioning (Ramteke et al., 2018). Overall, understand-
ing and managing the decomposition of crop residues is 
crucial for sustainable agriculture and maintaining soil 
quality, especially on organic farms.

Decomposition involves physical, chemical, and bio-
logical processes. Three major processes are involved 
in terrestrial decomposition: leaching, fragmentation, 
and chemical alteration (Wang & D'Odorico, 2013). 
Decomposition of plant residues by microorganisms 
requires two processes: mineralization and humifica-
tion of carbon compounds (Pržulj & Tunguz, 2022). 
The processes of humification and mineralization occur 
simultaneously and are closely related. Humification 
products are included in the mineralization process, 
and vice versa. Approximately, 75–80% of the organic 
matter introduced into the soil annually (organic fertil-
izers, plant and animal remains) undergoes mineral-
ization processes, and 20–25% is transformed into 
specific humus substances (humic acids, humins, fulvic 
acids; Pikuła & Ciotucha, 2022). Microbial mineraliza-
tion is a process in which microorganisms convert or-
ganic matter into water- soluble inorganic forms. Range 
of products of the mineralization also depends on the 
conditions of process. Anaerobic conditions result in 
mainly CO2, H2O, H2S, and CH4, while aerobic condi-
tions result in CO2, H2O, NO3

−, PO4
3−, SO4

2−, K+, and 
Ca2+ (Grzyb et al., 2020; Pikuła & Ciotucha, 2022; Pržulj 

& Tunguz, 2022). Different organic residues show dif-
ferent mineralization patterns, based on their chemical 
constituents. Plant residues cause rapid immobiliza-
tion of nitrogen, affecting microbial size and activity, 
followed by further mineralization. Residues contribute 
significantly to soil microbial biomass size and activity 
(Cayuela et al., 2009). Microbial conversion of organic 
matter is necessary for mineralization of organic nitro-
gen. One fraction of the converted matter is assimilated 
by the microbes into their tissue and another part is 
used for oxidation, to gain energy (dissimilation). The 
dissimilation- to- assimilation ratio depends on the type of 
microorganism (Pržulj & Tunguz, 2022). Mineralization 
rates depend on the type of plant residue. Poorly decom-
posable types are the main source of particulate organic 
matter. Highly decomposable types are correlated with 
microbial biomass. For example, the aboveground mass 
of meadow grasses and the aboveground mass and 
roots of clover have high mineralization rates, whereas 
small tree branches and barley straw have slow mineral-
ization rates (Semenov et al., 2019). Cover crops, which 
are grown primarily to benefit the soil and the environ-
ment in agricultural systems, also play an important role 
in the decomposition of organic matter and the com-
position of microorganisms in the soil. The diversity of 
cover crop residues has been found to enhance micro-
bial decomposition and increase the soil respiration rate 
(Shu et al., 2021). Similar results have been reported by 
Nevins et al. (2018), who showed that soil microbial com-
munities were significantly different based on cover crop 
treatment. The structure of the soil microbiome changed 
during the decomposition period, and the amount of 
cellulolytic bacteria (Agromyces, Agrobacterium, and 
Bacillus) increased (Nevins et al., 2018).

Microbial humification is the process by which or-
ganic matter is converted into structurally refractory 
substances. It is fundamental to the overall humifica-
tion process. Products of humification include humic 
acids, humins, and fulvic acids (Bui et al., 2023; 
Pikuła & Ciotucha, 2022). Microbial humification can 
be enhanced by the addition of biotic catalysts during 
composting, which increase the content of humic sub-
stances. Laccase has been found to be particularly 
well- suited for promoting humification, due to its en-
vironmentally friendly nature and high efficiency (Bui 
et al., 2023). Lowering the pH level during the compost-
ing process in a reactor can also enhance microbial 
humification (Zhao et al., 2023). Adding plant residues 
with different carbon- to- nitrogen (C:N) ratios to the soil 
can influence both the decomposition process and the 
composition of the microbial community. Higher C:N ra-
tios have been shown to enhance microbial biomass, al-
though at the expense of reducing the bacteria- to- fungi 
ratio. The ratio of Gram- positive to Gram- negative bac-
teria is also reduced significantly (Liang et al., 2017).

The C:N ratio plays a key role in determining whether 
the decomposition process is accelerated (positive 
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priming effect) or slowed (negative priming effect). For 
example, organic material such as maize residues with 
a low C:N ratio can promote a positive priming effect 
in the short term, while material with a high C:N ratio, 
such as straw or wood chips, can initially slow down de-
composition before ultimately accelerating it. The inten-
sity of the priming effect is also influenced by the rate 
at which fresh organic matter is input into the system 
(Liang et al., 2017; Yu et al., 2020). Similarly, it has been 
reported that microbial biomass and mineralization are 
significantly affected by the soil type and rate of residue 
addition, although not by N level (Roberts et al., 2015).

During microbial decomposition, the enzymatic activ-
ity of microbial strains and the production of extracellular 
hydrolases are essential processes. Plant residues con-
tain large amounts of cellulose, hemicellulose, starch, and 
lignin that need to be broken down (Chertov et al., 2007; 
Grzyb et al., 2020; Madhavan et al., 2017). Some micro-
organisms, such as Bacillus sp. and Penicillium sp., have 
a wide range of activity and are capable of degrading all 
of these substances. Bacteria and fungi are the primary 
decomposers in soil ecosystems, with bacteria being re-
sponsible for the initial breakdown of organic matter and 
fungi playing a key role in the later stages of decomposi-
tion (Hellequin et al., 2018; Xu et al., 2020). Table 1 lists 
microorganisms participating in the degradation of crop 
residues and their enzymatic abilities.

BIOPREPARATIONS FOR 
DECOMPOSITION OF 
CROP RESIDUES

The use of microorganisms in conjunction with fertili-
zation using straw has been shown to effectively en-
hance winter wheat yield, particularly in challenging 

environmental conditions (Kotwica et al., 2014). The 
addition of shredded straw along with microorgan-
isms has been shown to increase the total number of 
microorganisms in the soil. This increase in the num-
ber of active cells can positively influence the rate of 
decomposition of organic matter and the cycling of 
nutrients (Kotwica et al., 2021). The use of microbio-
logical preparations for decomposing crop residues 
can have a positive effect when high doses of straw 
are incorporated into cereal crop rotations, when straw 
is used under cereal cultivation, and in no- till agricul-
ture, especially when environmental conditions are un-
favourable for natural decomposition of crop residues 
(Rusakova, 2016).

Table 2 presents the compositions of several com-
mercially available preparations for the degradation 
of plant residues that have been characterized in the 
literature. A field study conducted to assess the effec-
tiveness of BioSistem POWER SC showed that the 
biopreparation increased the emission of carbon di-
oxide from the soil, as well as the level of cellulolytic 
activity (by 23–34% depending on the rate of use) 
and the antifungal activity of the soil (by 2.5–3.0 times 
compared to the control group). However, the active 
bacterial strains and moulds present in the prepara-
tion contributed to inhibit fungal pathogens in the soil 
(Bunas et al., 2022). Similar results were observed 
during the treatment of crop residues (spring barley 
and pea) with Stubble Biodestructor. This research 
was performed in an experimental field over a five- 
year period (Panfilova, 2021). The biopreparation in-
creased the number of cellulolytic microorganisms in 
the soil by 2.8 × 106 up to 3.6 × 106 CFU/g and also in-
creased the total number of bacteria. Treatment of crop 
residues with water (control trial) resulted in a smaller 
increase in the total number of bacteria, from 6 × 105 

TA B L E  1  Microorganisms involved in the biodegradation of plant residues.

Enzymatic abilities Bacteria Fungi Literature

Cellulolytic Cellulomonas sp., Cellvibrio 
sp., Cytophaga sp., Bacillus sp., 
Clostridium sp., Paenibacillus sp.

Trichoderma sp., Fusarium sp., 
Mycogone sp., Penicillium sp., 
Aspergillus sp.

Eida et al. (2011); Fathallh Eida 
et al. (2012); Grzyb et al. (2020); 
Hema et al. (2023); Madhavan 
et al. (2017)

Hemicellulolytic Bacillus sp., Streptomyces sp., 
Actinomycetes sp.

Aspergillus sp., Mucor sp., Rhizopus 
sp., Botrytis sp., Cladysporium sp., 
Trichosporon sp., Cryptococcus sp., 
Aureobasidium sp., Penicillium sp.

Eida et al. (2011); Grzyb 
et al. (2020); Robl and 
Mergel (2019)

Amylolytic Pseudomonas sp., Amylobacter 
sp., Bacillus sp., Streptomyces 
sp., Clostridium sp.

Aspergillus fumigatus, Penicillium 
citrinum

Benjamin et al. (2013); 
Grzyb et al. (2020); Ramzan 
et al. (2016)

Pectinolytic Bacillus sp., Pseudomonas 
sp., Flavobacterium sp., 
Propionibacterium sp.

Penicillum sp., Trichoderma reesei, 
Fusarium oxysporum, Aspergillus 
fumigatus

Benjamin et al. (2013); Grzyb 
et al. (2020); Okonji et al. (2019)

Ligninolytic Azotobacter sp., Xanthomonas 
sp., Pseudomonas sp., 
Agrobacterium sp., 
Actinobacteria sp., Bacillus sp.

Ganoderma lucidum, Irpex lacteus, 
Aspergillus sp., Penicillium sp., 
Trichoderma sp., Chaetomium sp.

Grzyb et al. (2020); Rehman 
et al. (2022); Singh and 
Upadhyay (2019); Xu 
et al. (2020); Yang et al. (2021)
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up to 15.3 × 105. The most effective decomposition oc-
curred after treatment with Stubble Biodestructor with 
the addition of ammonium nitrate. Avdeeva et al. (2016) 
have also reported that the addition of ammonium ni-
trate can accelerate the decomposition of crop resi-
dues, providing the best source of nitrogen nutrition 
for the manifestation of hydrolytic activity by the strains 
Bacillus subtilis IMB B- 7516 and Bacillus licheniformis 
IMB B- 7515 (Avdeeva et al., 2016). However, Rinkes 
et al. (2016) found that increased nitrogen availability 
suppresses the lignin- degrading activities of enzymes 
(Rinkes et al., 2016).

Researchers have also compared the effective-
ness of different commercial biopreparations. Milev 
et al. (2015) conducted a four- year comparative study 
of Bactofil Cell, Nutri Life Accelerate, and Amalgerol 
premium. These biopreparations are utilized for vari-
ous agricultural applications, including the decompo-
sition of cellulose and wheat cultivar Enola residues. 
Bactofil Cell is a bacterial- fungal- enzymatic bioprepa-
ration, Nutri Life Accelerate is a bacterial- fungal, and 
Amalgerol premium is an enzymatic biopreparation. 
Bactofil Cell and Nutri Life Accelerate were found to 
have a positive effect on the decomposition process 
and grain yield, which confirms that biopreparations 
can be a good addition to agriculture methods (Milev 
et al., 2015). In a three- year study on a field of win-
ter wheat, the microbial inoculant EM Naturally Active 
was found to increase total organic carbon and the 
total nitrogen concentration in the soil, as well as the 
number of bacteria and total number of microorganisms 
(Bauza- Kaszewska et al., 2022).

There is lack of data on the influence of bioprepa-
rations on the soil metabolome. Studies have focused 
mainly on the impact of biopreparations on selected 
parts of the microbial community that are necessary 
for decomposition. There is also a lack of data on the 
effects of chemical fertilizer as along with bioprepa-
rations. Most studies are conducted under controlled 
conditions with limited field tests, which is insufficient. 
Future work should compare the effectiveness of bio-
preparations in field studies under diverse conditions, 
encompassing various agricultural methods and soil 
properties.

Commercially available biopreparations can vary 
depending on the region of sale, because of national 
and international regulations, and also depending 
on the needs of farmers for cultivating certain types 
of crops. Table 3 summarizes information about bi-
opreparations available on the European market 
that can be found on the official producers' web-
sites. Biopreparations are available on the European 
market for the decomposition of straw (BACTIM® 
SŁOMA; Bi Słoma; SŁOMER), as well as for the green 
parts of crop residues, leaves, and fruits (Bactorol 
Plus; Bi Compost; ProBios Plus Komposter; 
RewitalPRO+). Biopreparations are also available for 

the decomposition of crop residues, liquid manure, 
and stable manure (KOMPOSTIL). Products in liquid 
form are more common than products in loose form. 
This may be due to their simple method of produc-
tion, which does not require additional steps (e.g. ly-
ophilization), and therefore lower price. Loose form 
products are often referred to simply as ‘powder’, 
without specifying whether they are in lyophilized or 
dried form (Bi Compost; Bi Słoma).

Effectiveness of commercially available bioprepara-
tions is often not supported by any scientific research, 
and their composition is not controlled, and there is 
no guarantee that it is entirely consistent with the dec-
larations of the manufacturers. The full compositions 
of biopreparations are often treated as trade secrets 
by manufacturers. Producers usually do not specify 
species, but only the genus or group of bacteria (e.g. 
Bacillus sp., LAB). The amounts of microorganisms 
may also be unspecified. Such information is import-
ant for scientists to evaluate and compare bioprepara-
tions for customers. There are no universal guidelines 
for what information should be included in instruction 
manuals for farmers. Instructions provided by produc-
ers of biopreparations can vary widely, ranging from 
vague advice such as avoiding use during drought or 
strong solar radiation to specific details on the optimal 
soil pH or humidity for maximizing the effectiveness of 
the biopreparations. To ensure efficient and effective 
use, instruction manuals should provide information on 
optimal and critical conditions for application, including 
details on rates of application depending on the type 
of agricultural crop, compatibility with other agrochem-
icals like herbicides and chemical fertilizers, potential 
mixing with liquid manure, recommended agrotechnical 
treatments post- application (such as disking or tillage), 
and the necessity of using unchlorinated water for dilu-
tion. Providing this level of detail ensures efficient and 
effective use of the biopreparation while minimizing po-
tential risks or adverse effects.

Since November 2022, the EU has implemented 
four regulations intended to accelerate the approval of 
microorganisms for use as active substances in plant 
protection products, and to increase the pool of such 
preparations on the market (Commission Regulation 
(EU) 2022/1438, 2022; Commission Regulation 
(EU) 2022/1439, 2022; Commission Regulation (EU) 
2022/1440, 2022; Commission Regulation (EU) 
2022/1441, 2022). Details of these regulations are 
given in Table 4.

Under the current EU regulations, all bioprepara-
tions are registered as either biopesticides or biostim-
ulators, without specific differentiation of other types 
of biopreparations. As a result, biopreparations for 
post- harvest residues decomposition, for example, 
are registered as microbial biostimulators. Moreover, 
the registration procedure for biostimulants is cheaper 
and less complicated than for biopesticides, which 
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facilitates the introduction of these products on the 
market.

Table 4 outlines the EU guidelines for bioprepara-
tion registration. However, it is essential to note that 
individual Member States may have supplementary 
regulations and procedures governing the registration 
of biopreparations. EU regulations are the most uni-
versal regulations that apply to the whole EU territory. 
The EU's regulatory framework serves as a catalyst for 
changes in national legislation. The additional regula-
tions are exemplified in this article on British and Polish 
law.

In the UK, the registration of biopreparations is 
regulated by the Chemicals Regulation (CR) and 
the Plant Protection Products (PPPs) regulations. 
Biopreparations are considered as plant protection 
product under the UK's Plant Protection Products 
(PPPs) Regulations. This means that they are subject to 
the same registration requirements as chemical- based 
pesticides (Official Controls (Plant Protection Products) 
Regulations 2020 and Come into Force on 22nd 
June 2020; Plant Protection Products (Miscellaneous 
Amendments) (EU Exit) Regulations 2019, and Come 
into Force on Exit Day) The UK's Health and Safety 
Executive (HSE) is responsible for enforcing the reg-
istration requirements for biopreparations and approv-
ing active substances. To register a biopreparation, 
the manufacturer must submit a dossier to the HSE, 
which includes information on the product's compo-
sition, labelling, and safety data. The HSE requires 
biopreparation manufacturers to submit data on the 
product's efficacy, safety, and environmental impact. 
This includes data on the product's effects on humans, 
animals, and the environment. Biopreparations can be 
marketed in the UK once they have been authorized 
by the HSE. HSE also provides instruction on the la-
belling, including what must be on the label (compo-
sition, use instructions, and safety precautions; HSE 
– Active Substance Approval; HSE – Biostimulants; 

HSE – Classification and Labelling; HSE – Products 
Authorization). It's worth noting that the UK's regula-
tory framework is subject to change due to Brexit and 
ongoing developments in EU- UK relations.

In Poland, producers for a long time required only 
the National Institute of Hygiene in Poland (PZH) cer-
tificate. Later, Regulation PE 2019/1009 entered into 
force, which introduced the definitions of a micro-
bial biostimulator and a non- microbial biostimulator 
(Regulation (EU) 2019/1009, 2019). At the end of 2023, 
the legislator finally regulated the market for microbi-
ological products in Poland, introducing definitions of 
microbiological fertilizing products and agents support-
ing plant cultivation into the Act on fertilizers and fer-
tilization. According to the definition on the website of 
the Institute of Soil Science and Plant Cultivation (in 
Poland), microbiological fertilizer products are defined 
as containing various components such as microorgan-
isms (including dead or inactive ones), microbial con-
sortiums, substances serving as a medium for these 
microorganisms and their metabolites, or harmless re-
sidual substances from nutrients. These products aim 
to improve the efficiency of nutrient utilization by plants 
or fungi, enhance their resistance to abiotic stress, im-
prove quality characteristics, or facilitate the absorption 
of nutrients from inaccessible forms in the soil (Institute 
of Soil Science and Plant Cultivation).

Pursuant to the Regulation of the Minister of 
Agriculture and Rural Development of 1 December 
2022, the Institute of Soil Science and Plant 
Cultivation–State Research Institute in Poland (IUNG- 
PIB) is authorized to maintain lists of microbiological 
fertilizer products (Institute of Soil Science and Plant 
Cultivation; Regulation of the Minister of Agriculture 
and Rural Development of 1 December, 2022). The 
current list includes biopreparations for decomposition 
of post- harvest residues, Rhizobium vaccines, and bio-
preparations to increase the uptake of nitrogen and/or 
phosphorus. The list includes the date of notification, 

TA B L E  4  European Union (EU) regulations for registration of microbial biopreparations.

Legislative body Date Regulation

The European Commission 31 August 2022 Commission Regulation (EU) 2022/1438 amending Annex II to 
Regulation (EC) No 1107/2009 as regards specific criteria for the 
approval of microbial active substances

The European Commission 31 August 2022 Commission Regulation (EU) 2022/1439 amending Regulation 
(EU) No 283/2013 as regards the information to be submitted in 
respect of active substances and specific data requirements for 
microorganisms

The European Commission 31 August 2022 Commission Regulation (EU) 2022/1440 amending Regulation 
(EU) No 284/2013 as regards the information to be submitted for 
plant protection products and the specific data requirements for 
plant protection products containing microorganisms

The European Commission 31 August 2022 Commission Regulation (EU) 2022/1441 amending Regulation 
(EU) No 546/2011 as regards detailed uniform principles for 
the assessment and authorization of plant protection products 
containing microorganisms
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the trade name of the product, and the name of the 
reporting company. The composition of the prepara-
tion and the scope of use are also provided. As of June 
2023, there were 134 products on the list, whereas by 
March 2024 there were 219 products on the list. This 
shows that the market for biopreparations is changing 
very dynamically. A microbiological fertilizer products 
are kept on the list for a period of two years. After this 
time, the reporting entity is obliged to submit a written 
declaration of continued production of the bioprepa-
ration with the same quality and composition. Failure 
to declare within the deadline will result in the product 
being removed from the list of microbiological fertilizing 
products.

It is worth noting that microbiological fertilizer prod-
ucts included on the list of natural products that can be 
used in organic farming are subject to a separate ver-
ification and assessment procedures. Not all products 
included on the IUNG- PIB list can be used in organic 
farming. It should also be emphasized that IUNG- PIB 
does not test the effectiveness of the products submit-
ted for inclusion on the list. Their effectiveness is ver-
ified only on the basis of their conformity to currently 
applicable regulations. As mentioned above, microbi-
ological fertilizer products are not subject to strict reg-
istration. Therefore, a farmer looking for information 
about a given product and its effectiveness must rely 
on information provided by the manufacturer or seek 
guidance from other sources such as agricultural ex-
perts, research studies, or other farmers' experiences.

The National Research Institute (PZH) (Poland) 
specifies documentation requirements necessary for 
the conformity certification of biopreparations and bio-
cidal products. In the case of biopreparations, the fol-
lowing information is required:

1. The qualitative and quantitative chemical compo-
sition of the products (full chemical name of the 
substance);

2. The composition of microorganisms (types of micro-
organisms, preferably species names);

3. The method of application of the biopreparation 
(technical sheet, instructions);

4. Label design;
5. REACH Card/Product Technical Sheet/SDS/MSDS 

(if available);
6. A declaration from the manufacturer that the prep-

aration does not contain genetically modified 
microorganisms;

7. A declaration from the manufacturer that the prep-
aration does not contain pathogenic microorgan-
isms according to Directive 2000/54/Ec of The 
European Parliament and of The European Council 
of 18 September 2000 on the protection of workers 
from the risks associated with exposure to biologi-
cal agents in the workplace and Regulation of the 
Minister of Health of 22 April 2005 on harmful factors 

biological products for health in the working environ-
ment and the protection of the health of workers pro-
fessionally exposed to those factors OJ L 2005 No. 
81, item 716, as amended;

8. Tests from an independent laboratory for the de-
tection of the presence of bacteria Escherichia coli, 
Salmonella sp., enterococci, Pseudomonas aerugi-
nosa, in a 10 mL sample of biopreparation or a mass 
of 10 g. The range of parameters to be determined 
may change. Research biopreparations should be 
made in a laboratory management system. All mark-
ings should be made according to appropriate (if pos-
sible standardized) test methods. (Documentation 
Requirements Necessary for the Attestation Process 
for Biopreparations and Biocidal Products – National 
Research Institute (PZH) (Poland))

These requirements are aimed at ensuring both the 
safety of employees during the production of the bio-
preparations and the safety of consumers. However, 
they do not require confirmation of the effectiveness of 
the biopreparations.

CHALLENGES FOR THE 
BIOTECHNOLOGY INDUSTRY 
RELATED TO THE INCREASED 
DEMAND FOR BIOPREPARATIONS 
AND POSSIBLE SOLUTIONS

Biopreparations are generally considered to be both 
economical and environmentally friendly alterna-
tives to traditional chemical inputs in agriculture 
(Choudhury, 2015). Their use is encouraged as part 
of policies and initiatives to promote green growth 
(Rodrik, 2014). Consequently, biotechnological prac-
tices are increasingly being employed to develop a 
wide range of products, including biopesticides, bi-
ofertilizers, and solutions for waste management, bio-
transformation, bioremediation, and biodegradation. 
However, the development and commercialization of 
biotechnology products still face various challenges 
(Figure 2). These challenges include securing initial 
funding and continuing investment, the lengthy and 
complex process of product development, ethical 
and societal considerations, regulatory hurdles, intel-
lectual property protection, and building market ac-
ceptance. This journey is lengthy and complex and 
requires significant investments of time, effort, and 
capital (Saxena, 2020). The biotechnology industry 
also faces unique challenges in each region where 
it operates. Central and Eastern European countries 
entered the biotechnology industry relatively late 
and faced challenges including a lack of partners 
in the pharmaceutical industry and limited govern-
ment support (Rudź, 2020; Szczygielski et al., 2022). 
In contrast, the United States has a favourable tax 
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environment for capital formation and financing small 
firms, which can facilitate biotechnology commer-
cialization. The Japanese government has made the 
commercialization of biotechnology a national priority 
and is financing cooperative inter- industry biotech-
nology projects. Commercialization of biotechnology 
in Africa is affected by risk aversion, the complex reg-
ulatory environment and export restrictions in African 
countries, and the availability of natural resources 
(Elshafei & Mansour, 2018).

The challenges facing the biotechnology industry 
in general also apply to producers of biopreparations. 
For example, Bacillus velezensis GB03, marketed as 
Kodiak®, is an eco- friendly substitute for conventional 
pesticides and fertilizers. It was originally isolated from 
wheat roots in 1971 in Australia. However, the U.S. 
Environmental Protection Agency only endorsed GB03 
for commercial use in 1998, almost 30 years after it was 
first isolated (Jang et al., 2023). A simplified diagram of 
the process of developing biopreparations is given in 
Figure 3.

The production of biopreparations based on micro-
organisms or their metabolic products typically begins 
with the selection of a suitable bacterial strain. One ap-
proach is to acquire microorganisms from collections, 
which provide access to diverse microbial strains for 
various applications. These collections store and main-
tain strains in pure forms, ensuring their authenticity 
and quality over time. Available strains are well known 
and characterized (Almagambetov et al., 2022; Atit 

Kanti et al., 2023; Jaroszewska et al., 2023). Some bac-
teria, such as Azospirillum, Bacillus, and Rhizobium, 
are known to be suitable for soil inoculation and can 
improve crop parameters and agricultural productivity 
(Stojanović et al., 2019; Toader et al., 2022). Another 
approach is to isolate strains from the environment and 
then assess their abilities (Galieva et al., 2022; Maiorov 
et al., 2023). The compositions of microbial bioprepa-
ration must be fully defined, and all microorganisms 
used should be genetically stable, non- pathogenic, 
and have GRAS status. The microorganisms should 
be effective at low concentrations, and easy to mass- 
produce on inexpensive media (Narayanasamy, 2013; 
Saxena, 2020).

The enzymatic abilities of strains can be charac-
terized in various ways. Preliminary tests can be con-
ducted on media enriched with a substrate specific 
for each enzyme of interest. These tests can indicate 
whether the strains possess the required enzymatic ac-
tivity and provide an initial assessment of the strength or 
efficiency of that activity (Maiorov et al., 2023; Woźniak 
et al., 2023). A more sophisticated method for charac-
terizing the enzymatic abilities of strains is metabolo-
mics, which involves the measurement and analysis 
of metabolites in biological samples using techniques 
such as NMR spectroscopy, mass spectrometry, and 
bioinformatics. Metabolomics enables researchers to 
study metabolic pathways and interactions within mi-
crobial communities, providing insights into the meta-
bolic potential of difficult- to- grow bacteria, including 

F I G U R E  2  Challenges of 
commercialization in biotechnology.
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novel bacterial species isolated from environmental 
samples (Fiorini et al., 2022; Meng et al., 2023; Mohd 
Kamal et al., 2022; Sieniawska, 2022).

Bacterial strains are commonly identified by ge-
netic methods, based on the 16S rDNA fragment 
(Pylak et al., 2020; Woźniak et al., 2018). Terletsky 
et al. (2016) suggested the method of double digestion 
selective labelling (DDSL) for genetic identification and 
certification of Bacillus subtilis strains showing high re-
solving power and efficiency. Bacillus subtilis strains 
have similar morphological and cultural features but 
differ in their metabolite complexes. They are import-
ant for the development of microbial biopreparations, 
including biopreparations for degrading crop residues 
and promoting plant growth (Terletsky et al., 2016). 
Lee et al. (2019) proposed a method combining Fourier 
transform infrared (FT- IR) spectroscopy of bacterial 
genomic DNA with multivariate analysis for the rapid 
identification of bacteria at the genus and species lev-
els. This method may be performed in situ, which can 
be useful because it enables the rapid elimination of 
pathogenic bacteria during the screening process (Lee 
et al., 2019).

After selecting the microorganisms, producers must 
decide whether the biopreparation will be based on a 
single strain or multiple strains. If multiple strains are 
used, their antagonistic properties must be investi-
gated, together with their ability to grow in consortia 
(Galieva et al., 2022; Maiorov et al., 2023). Optimization 
of the growing medium for bacterial isolates can include 
optimization of the carbon sources, microelements, 
pH value, and temperature, as well as shaking (Jiang 

et al., 2020; Pylak et al., 2021; Stojanović et al., 2019). To 
assess the effectiveness of biopreparations, it is import-
ant to conduct experiments not only in Petri dishes but 
also under simulated natural conditions (e.g. pot exper-
iments (Shengping et al., 2016)) and in real conditions 
(e.g. field experiments (Berdnikov et al., 2020; Bunas 
et al., 2022; Milev et al., 2015; Novokhatsky, 2022; 
Toader et al., 2019; Toader, Chiurciu, Maierean, Filip, 
et al., 2020)). The process must then be expanded to 
the industrial scale. Optimization on an industrial scale 
usually starts at shake flask level and proceeds to the 
bioreactor. Shake flasks serve as a conventional tool 
for initial strain selection and substrate optimization in 
bioprocessing. The transition to bioreactors is essential 
in order to fulfil production requirements. However, this 
transition may present further challenges, particularly 
with respect to the selection of appropriate stirring and 
aeration methods. Scaling up can significantly affect 
the adaptation time and performance of microbial cul-
tures within the bioreactor system (Malkova et al., 2021; 
Shengping et al., 2016; Stojanović et al., 2019). The 
final choice of medium and conditions depends on 
bacterial cultivation results and bacterial profitability. 
Malkova et al. (2021) report satisfactory results for 
cultivation of B. pumilus on L- broth in a 15 L fermen-
ter, achieving up to 1010 CFU/ml (Malkova et al., 2021). 
On the other hand, Shengping et al. (2016) chose a 
solid- state fermentation using food waste and feldspar, 
which is positive from both economic and ecological 
perspectives. It was found that pH, temperature, and 
humidity had the strongest effects on the number of 
bacteria. Under optimized conditions, Bacillus circulans 

F I G U R E  3  Elements during development of microbial biopreparation.
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Xue- 113168 biofertilizer was produced with a spore 
count of 2 × 109 CFU/g (Shengping et al., 2016).

Preservation and storage can affect the survivabil-
ity of microorganisms and therefore affect their effec-
tiveness. Shelf life can be extended by using spores 
as a main microbial agent, adding substances to the 
product, or applying other preservation methods (Jiang 
et al., 2020; Malkova et al., 2021; Pylak et al., 2021; 
Witkowska et al., 2016). Conventional drying, vacuum 
drying, and lyophilization are commonly used to pre-
serve various strains of bacteria. Preservation methods 
often include use of a protectant, such as milk or silica 
gel (Malkova et al., 2021; Pylak et al., 2021; Witkowska 
et al., 2016). Jiang et al. patented a method of producing 
microbial fertilizer including synergistic fermentation of 
B. megaterium and B. subtilis. The method increases 
the spore production rate and reduces fermentation 
time, thereby improving production efficiency. An ab-
sorbent prepared from crop stalks and livestock and 
poultry manure serves as the adsorption matrix for 
bacterial agents, improving the stability and extending 
the shelf life of the product (Jiang et al., 2020). Bacillus 
spores have high survivability in soil due to their ability 
to form endospores, which are metabolically dormant 
and highly resistant to various environmental stresses 
(Checinska et al., 2015; Kruglov & Lisina, 2014); there-
fore, using a spore- based biopreparation can extend 
the shelf life of the product and improve its effective-
ness (Hsieh et al., 2020; Jiang et al., 2020; Kruglov & 
Lisina, 2014).

CONCLUSIONS

The studies outlined in this review show that microbial 
and enzymatic biopreparations can accelerate the de-
composition of crop residues significantly. However, 
most studies focus on select components of the micro-
bial community crucial for decomposition processes. 
There is a lack of research focusing on the overall 
impact of biopreparations on the soil metabolome. 
Furthermore, there is limited data regarding the concur-
rent use of biopreparations and chemical fertilizers. It is 
imperative to evaluate the efficacy of biopreparations 
under varied field conditions, agricultural practices, and 
soil characteristics, in order to better understand their 
overall effectiveness.

In order to optimize the efficacy of biopreparations 
and prevent errors during their application, it is essen-
tial that the instruction manual includes detailed guid-
ance on optimal and critical parameters. Instruction 
manuals should contain information on recommended 
application rates based on specific agricultural crops, 
guidance on potential compatibility with herbicides, 
chemical fertilizers, and liquid manure, as well as rec-
ommendations regarding post- application agrotechni-
cal treatments, such as disking or tillage. Instruction 

manuals should also address the necessity of diluting 
the biopreparations with unchlorinated water. The intro-
duction of universal EU guidelines would be helpful for 
both customers and manufacturers.

The biopreparations market is also in need of more 
specific regulation regarding microbiological fertilizer 
products, which are not subject to stringent registration 
requirements. The current regulations tend to prioritize 
formalities, such as administrative requirements and 
documentation, over substantiation of the effective-
ness of biopreparations. Consequently, farmers seek-
ing information about a specific product must primarily 
depend on details provided by the manufacturer or con-
duct their own on- farm trials or experiments to assess 
its effectiveness in their specific conditions.

The commercialization of biopreparations poses 
unique challenges regarding the development of new 
products. These include the isolation, characterization, 
and identification of microorganisms, optimization of 
the medium, and development of cultivation techniques. 
Other barriers concern the whole biotechnology indus-
try, such as regulatory hurdles and market acceptance. 
Manufacturers of biopreparations struggle to develop 
highly efficient products and to gain acceptance from 
the market and the general public. Nonetheless, bi-
opreparations offer a great opportunity to maintain 
current rates of food production while ensuring environ-
mental stability, providing both economical and envi-
ronmentally friendly alternatives to traditional chemical 
inputs in agriculture.

AUTH O R CO NTR I BUT I O N S
Patrycja Rowińska: Conceptualization; writing – origi-
nal draft; writing – review and editing; visualization; 
investigation. Beata  Gutarowska: Writing – review 
and editing. Regina  Janas: Writing – original draft. 
Justyna Szulc: Supervision; funding acquisition; writ-
ing – review and editing; writing – original draft.

ACK N OW LE DG E M E NT S
This work was supported by the Agency for 
Restructuring and Modernisation of Agriculture, Poland 
[grant number 00077.DDD.6509.000167.2022.05]. This  
article was completed while the first author was a 
Doctoral Candidate at the Interdisciplinary Doctoral 
School at Lodz University of Technology, Poland.

CO N FLI CT O F I NT E R EST STAT E M E NT
The authors declare no conflict of interest.

O RCI D
Patrycja Rowińska  https://orcid.
org/0009-0001-2151-2190 

R E FE R E N C E S
Almagambetov, K.K., Temirkhanov, A.Z., Nagumanova, G.S. 

& Sarmurzina, Z.S. (2022) Collection of microorganisms 

https://orcid.org/0009-0001-2151-2190
https://orcid.org/0009-0001-2151-2190
https://orcid.org/0009-0001-2151-2190


14 of 18 |   ROWIŃSKA et al.

– bioresources and database. Herald of Science of S Seifullin 
Kazakh Agro Technical University, 3(114), 147–157. Available 
from: https:// doi. org/ 10. 51452/  kazatu. 2022. 3(114). 1169

Anli, M., Ait- El- Mokhtar, M., Akensous, F.- Z., Boutasknit, A., Ben- 
Laouane, R., Fakhech, A. et al. (2023) Biofertilizers in date 
palm cultivation. In: Date Palm. Wallingford, UK: CABI, pp. 
266–296. Available from: https:// doi. org/ 10. 1079/ 97818 00620 
209. 0009

Avdeeva, L.V., Kharkhota, M.A. & Kharkhota, A.V. (2016) The de-
composition of various types of crop residues by strains 
Bacillus subtilis IMB B- 7516 and B. licheniformis IMB B- 7515. 
Mikrobiolohichnyĭ Zhurnal, 78(2), 52–60. Available from: https:// 
doi. org/ 10. 15407/  micro biolj 78. 02. 052

Ayilara, M.S., Adeleke, B.S., Akinola, S.A., Fayose, C.A., Adeyemi, 
U.T., Gbadegesin, L.A. et al. (2023) Biopesticides as a prom-
ising alternative to synthetic pesticides: a case for microbial 
pesticides, phytopesticides, and nanobiopesticides. Frontiers 
in Microbiology, 14, 1040901. Available from: https:// doi. org/ 10. 
3389/ fmicb. 2023. 1040901

AZORHIZ. (2024). https:// azoter. hu/ hu/ terme kek/ azorh iz/ 
BACTIM® SŁOMA. (2024). https:// inter mag. pl/ produ kt/ bacti m-  sloma/  
Bactim® Soil. (2024) https:// www. intra chem-  bio. de/ produkte/bactim-soil/ 
Bactorol plus. (2024) https:// sklep. bacto tech. pl/ produ kt/ bacto rol-  plus-  1l/ 
Baikal EM1. (2024) https:// hyper group. org/ wp-  conte nt/ uploa ds/ 

2022/ 03/ babh-  cert-  front -  2021. jpg?v= c30de 8669768
Bairwa, P., Kumar, N., Devra, V. & Abd- Elsalam, K.A. (2023) Nano- 

biofertilizers synthesis and applications in agroecosystems. 
Agrochemicals, 2(1), 118–134. Available from: https:// doi. org/ 
10. 3390/ agroc hemic als20 10009 

Bauza- Kaszewska, J., Breza- Boruta, B., Lemańczyk, G. & 
Lamparski, R. (2022) Effects of eco- friendly product applica-
tion and sustainable agricultural management practices on soil 
properties and phytosanitary condition of winter wheat crops. 
Sustainability, 14(23), 15754. Available from: https:// doi. org/ 10. 
3390/ su142 315754

Benjamin, S., Smitha, R.B., Jisha, V.N., Pradeep, S., Sajith, S., 
Sreedevi, S. et al. (2013) A monograph on amylases from 
Bacillus spp. Advances in Bioscience and Biotechnology, 
04(02), 227–241. Available from: https:// doi. org/ 10. 4236/ abb. 
2013. 42032 

Berdnikov, О.М., Volkohon, V.V., Potapenko, L.V. & Kozar, S.F. 
(2020) Agrochemical evaluation of the efficacy of bioprepa-
rations in a highly crop rotation. Agriciltural Microbiology, 31, 
44–50. Available from: https:// doi. org/ 10. 35868/  1997-  3004. 31. 
44-  50

bi compost. (2024) https:// agrar ius. eu/ produ kty/ bi-  compo st/ 
bi słoma. (2024) https:// agrar ius. eu/ produ kty/ bi-  sloma/  
Biopesticide Active Ingredients|US EPA. (2024) https:// www. epa. 

gov/ ingre dient s-  used-  pesti cide-  produ cts/ biope stici de-  activ e-  
ingre dients

Bui, V.K.H., Truong, H.B., Hong, S., Li, X. & Hur, J. (2023) Biotic 
and abiotic catalysts for enhanced humification in composting: 
a comprehensive review. Journal of Cleaner Production, 402, 
136832. Available from: https:// doi. org/ 10. 1016/j. jclep ro. 2023. 
136832

Bunas, A., Tkach, E., Dvoretsky, V. & Dvoretska, O. (2022) Efficiency 
of using biosystem POWER, KS (BioSistem POWER, SC) 
preparation to accelerate the destruction of post- harvest res-
idues. Agroecological Journal, 3, 119–125. Available from: 
https:// doi. org/ 10. 33730/  2077-  4893.3. 2022. 266417

Cayuela, M.L., Sinicco, T. & Mondini, C. (2009) Mineralization dynam-
ics and biochemical properties during initial decomposition of 
plant and animal residues in soil. Applied Soil Ecology, 41(1), 118–
127. Available from: https:// doi. org/ 10. 1016/j. apsoil. 2008. 10. 001

Chakraborty, N., Mitra, R., Pal, S., Ganguly, R., Acharya, K., 
Minkina, T. et al. (2023) Biopesticide consumption in India: in-
sights into the current trends. Agriculture, 13(3), 557. Available 
from: https:// doi. org/ 10. 3390/ agric ultur e1303 0557

Checinska, A., Paszczynski, A. & Burbank, M. (2015) Bacillus 
and other spore- forming genera: variations in responses and 
mechanisms for survival. Annual Review of Food Science and 
Technology, 6(1), 351–369. Available from: https:// doi. org/ 10. 
1146/ annur ev-  food-  03071 3-  092332

Chertov, O.G., Komarov, A.S. & Nadporozhskaya, M.A. (2007) 
Analysis of the dynamics of plant residue mineralization 
and humification in soil. Eurasian Soil Science, 40(2), 140–
148. Available from: https:// doi. org/ 10. 1134/ S1064 22930 
7020032

Choudhury, H. (2015) Biology and biotechnology applications: prob-
able solutions for sustainable development. In: Choudhury, H. 
(Ed.) Biology, biotechnology and sustainable development. 
Delhi: Research India Publications, pp. 217–252.

Commission Regulation (EU) 2022/1438 (2022).
Commission Regulation (EU) 2022/1439 (2022).
Commission Regulation (EU) 2022/1440 (2022).
Commission Regulation (EU) 2022/1441 (2022).
Compost Activator. (2024). https:// micro bz. co. uk/ produ cts/ compo 

st-  activ ator
Divya, K., Singh, R. & Thakur, I. (2023) Response of biofertilizers and 

foliar application of zinc on yield and economics of lentil (Lens 
culinaris, Fabaceae). International Journal of Environment and 
Climate Change, 13(9), 1040–1045. Available from: https:// doi. 
org/ 10. 9734/ ijecc/  2023/ v13i9 2325

Ecostern -  SB Soliplant BV. (2024). https:// sbsol iplant. nl/ en/ produ ct/ 
ecost ern/ 

Eida, M.F., Nagaoka, T., Wasaki, J. & Kouno, K. (2011) Evaluation 
of cellulolytic and hemicellulolytic abilities of fungi isolated 
from coffee residue and sawdust composts. Microbes and 
Environments, 26(3), 220–227. Available from: https:// doi. org/ 
10. 1264/ jsme2. ME10210

Elshafei, A. & Mansour, R. (2018) The challenges facing in com-
mercial biotechnology: its position in Egypt and some African 
countries. Annual Research and Review in Biology, 23(3), 
1–11. Available from: https:// doi. org/ 10. 9734/ arrb/ 2018/ 39258 

European Commission. (2019) COM(2019)640. Available from: 
https:// www. eumon itor. eu/ 93530 00/1/ j9vvi k7m1c 3gyxp/  vl4cn 
hyp1ort

European Commission. (2020a) COM(2020)381. Available from: 
https:// www. eumon itor. eu/ 93530 00/1/ j9vvi k7m1c 3gyxp/  vl8to 
fp7dtuc

European Commission. (2020b) COM(2020)380. Available from: 
https:// www. eumon itor. eu/ 93530 00/1/ j9vvi k7m1c 3gyxp/  vl8tq 
b8jwtyy

Fathallh Eida, M., Nagaoka, T., Wasaki, J. & Kouno, K. (2012) 
Isolation and characterization of cellulose- decomposing bacte-
ria inhabiting sawdust and coffee residue composts. Microbes 
and Environments, 27(3), 226–233. Available from: https:// doi. 
org/ 10. 1264/ jsme2. ME11299

Fenibo, E.O., Ijoma, G.N., Nurmahomed, W. & Matambo, T. (2022) 
The potential and green chemistry attributes of biopesticides 
for sustainable agriculture. Sustainability, 14(21), 14417. 
Available from: https:// doi. org/ 10. 3390/ su142 114417

Fiorini, F., Bajerski, F., Jeske, O., Lepleux, C., Overmann, J. & 
Brönstrup, M. (2022) A metabolomics- based toolbox to assess 
and compare the metabolic potential of unexplored, difficult- 
to- grow bacteria. Marine Drugs, 20(11), 713. Available from: 
https:// doi. org/ 10. 3390/ md201 10713 

Galieva, G., Danilova, N., Selivanovskaya, S. & Galitskaya, P. (2022) 
New Microbial Biopreparation for Agriculture Consisting of 
Consortium of Biosurfactant Producers. Pp. 319–326. https:// 
doi. org/ 10. 5593/ sgem2 022/5. 1/ s20. 041

GLEBOSTAN. (2024) 100g -  1 ha -  premiumbakt preparaty mikro-
biologiczne. Available from: https:// premi umbakt. pl/ produ kt/ 
glebo stan-  100g/ 

Grzyb, A., Wolna- Maruwka, A. & Niewiadomska, A. (2020) 
Environmental factors affecting the mineralization of crop 

https://doi.org/10.51452/kazatu.2022.3(114).1169
https://doi.org/10.1079/9781800620209.0009
https://doi.org/10.1079/9781800620209.0009
https://doi.org/10.15407/microbiolj78.02.052
https://doi.org/10.15407/microbiolj78.02.052
https://doi.org/10.3389/fmicb.2023.1040901
https://doi.org/10.3389/fmicb.2023.1040901
https://azoter.hu/hu/termekek/azorhiz/
https://intermag.pl/produkt/bactim-sloma/
https://www.intrachem-bio.de/produkte/bactim-soil/
https://sklep.bactotech.pl/produkt/bactorol-plus-1l/
https://hypergroup.org/wp-content/uploads/2022/03/babh-cert-front-2021.jpg?v=c30de8669768
https://hypergroup.org/wp-content/uploads/2022/03/babh-cert-front-2021.jpg?v=c30de8669768
https://doi.org/10.3390/agrochemicals2010009
https://doi.org/10.3390/agrochemicals2010009
https://doi.org/10.3390/su142315754
https://doi.org/10.3390/su142315754
https://doi.org/10.4236/abb.2013.42032
https://doi.org/10.4236/abb.2013.42032
https://doi.org/10.35868/1997-3004.31.44-50
https://doi.org/10.35868/1997-3004.31.44-50
https://agrarius.eu/produkty/bi-compost/
https://agrarius.eu/produkty/bi-sloma/
https://www.epa.gov/ingredients-used-pesticide-products/biopesticide-active-ingredients
https://www.epa.gov/ingredients-used-pesticide-products/biopesticide-active-ingredients
https://www.epa.gov/ingredients-used-pesticide-products/biopesticide-active-ingredients
https://doi.org/10.1016/j.jclepro.2023.136832
https://doi.org/10.1016/j.jclepro.2023.136832
https://doi.org/10.33730/2077-4893.3.2022.266417
https://doi.org/10.1016/j.apsoil.2008.10.001
https://doi.org/10.3390/agriculture13030557
https://doi.org/10.1146/annurev-food-030713-092332
https://doi.org/10.1146/annurev-food-030713-092332
https://doi.org/10.1134/S1064229307020032
https://doi.org/10.1134/S1064229307020032
https://microbz.co.uk/products/compost-activator
https://microbz.co.uk/products/compost-activator
https://doi.org/10.9734/ijecc/2023/v13i92325
https://doi.org/10.9734/ijecc/2023/v13i92325
https://sbsoliplant.nl/en/product/ecostern/
https://sbsoliplant.nl/en/product/ecostern/
https://doi.org/10.1264/jsme2.ME10210
https://doi.org/10.1264/jsme2.ME10210
https://doi.org/10.9734/arrb/2018/39258
https://www.eumonitor.eu/9353000/1/j9vvik7m1c3gyxp/vl4cnhyp1ort
https://www.eumonitor.eu/9353000/1/j9vvik7m1c3gyxp/vl4cnhyp1ort
https://www.eumonitor.eu/9353000/1/j9vvik7m1c3gyxp/vl8tofp7dtuc
https://www.eumonitor.eu/9353000/1/j9vvik7m1c3gyxp/vl8tofp7dtuc
https://www.eumonitor.eu/9353000/1/j9vvik7m1c3gyxp/vl8tqb8jwtyy
https://www.eumonitor.eu/9353000/1/j9vvik7m1c3gyxp/vl8tqb8jwtyy
https://doi.org/10.1264/jsme2.ME11299
https://doi.org/10.1264/jsme2.ME11299
https://doi.org/10.3390/su142114417
https://doi.org/10.3390/md20110713
https://doi.org/10.5593/sgem2022/5.1/s20.041
https://doi.org/10.5593/sgem2022/5.1/s20.041
https://premiumbakt.pl/produkt/glebostan-100g/
https://premiumbakt.pl/produkt/glebostan-100g/


   | 15 of 18BIOPREPARATIONS FOR DEGRADATION OF RESIDUES

residues. Agronomy, 10(12), 1951. Available from: https:// doi. 
org/ 10. 3390/ agron omy10 121951

Havryliuk, L., Kichihina, O. & Turovnik, Y. (2022) Biopreparations as 
an agro- ecological factor enhancement of biosafety in agro-
cenoses. Balanced Nature Using, 4, 105–111. Available from: 
https:// doi. org/ 10. 33730/  2310-  4678.4. 2022. 275037

Hellequin, E., Monard, C., Quaiser, A., Henriot, M., Klarzynski, 
O. & Binet, F. (2018) Specific recruitment of soil bacteria 
and fungi decomposers following a biostimulant application 
increased crop residues mineralization. PLoS One, 13(12), 
e0209089. Available from: https:// doi. org/ 10. 1371/ journ al. 
pone. 0209089

Hema, J.N., Shobha, D. & Shruthi, S.D. (2023) Isolation and char-
acterization of cellulose- degrading bacteria from decom-
posing plant matter. International Journal of Pharmacy and 
Pharmaceutical Sciences, 15, 22–27. Available from: https:// 
doi. org/ 10. 22159/  ijpps. 2023v 15i4. 47019 

HSE -  Active substance approval. (2024) https:// www. hse. gov. uk/ 
bioci des/ activ e-  subst ance-  appro val. htm

HSE -  Biostimulants. (2024). https:// www. hse. gov. uk/ pesti cides/  
activ e-  subst ances/  biost imula nts. htm

HSE -  classification and labelling. (2024) https:// www. hse. gov. uk/ 
pesti cides/  appli cant-  guide/  clp/ intro ducti on. htm

HSE -  products authorization. (2024) https:// www. hse. gov. uk/ bioci 
des/ produ ct-  autho risat ion-  overv iew. htm

Hsieh, H.- Y., Lin, C.- H., Hsu, S.- Y. & Stewart, G.C. (2020) A bacil-
lus spore- based display system for bioremediation of atrazine. 
Applied and Environmental Microbiology, 86(18), e01230- 20. 
Available from: https:// doi. org/ 10. 1128/ AEM. 01230 -  20

Humus Active Grains. (2024) https:// green ground. bg/ bg/ pochv eni-  
podob riteli/ humus -  activ e-  grains. html

Institute of Soil Science and Plant Cultivation. (2024) https:// www. 
iung. pl/ nawoz owe-  produ kty-  mikro biolo giczne/ 

Jang, S., Choi, S.- K., Zhang, H., Zhang, S., Ryu, C.- M. & Kloepper, 
J.W. (2023) History of a model plant growth- promoting rhizo-
bacterium, Bacillus velezensis GB03: from isolation to commer-
cialization. Frontiers in Plant Science, 14, 1279896. Available 
from: https:// doi. org/ 10. 3389/ fpls. 2023. 1279896

Jaroszewska, E., Nasiłowska, J. & Sokołowska, B. (2023) Microbial 
culture collections and microbiological biobanks in the context 
of new ISO standards. Postępy Mikrobiologii -  Advancements 
of Microbiology, 62(1), 55–60. Available from: https:// doi. org/ 
10. 2478/ am-  2023-  0005

Jiang, L., Wang, J., Li, M., Xu, H., Yang, Y. & Li, Y. (2020) Microbial 
fertilizer with double effects of fertilization and disease- 
resistance, and preparation method and use thereof (Patent 
AU 2020101394 A4).

Kanti, A., Rahayu, G., Sukmawati, D., Sudarmono, P.P., Prihantini, 
N.B., Meliah, S. et al. (2023) FORKOMIKRO: catalogue of mi-
croorganisms. Penerbit BRIN. https:// doi. org/ 10. 55981/  brin. 
508

KOMPOSTIL. (2024) https:// www. agrob ios. pl/ kompo stil
Kotwica, K., Breza- Boruta, B., Bauza- Kaszewska, J., Kanarek, P., 

Jaskulska, I. & Jaskulski, D. (2021) The cumulative effect of var-
ious tillage systems and stubble management on the biological 
and chemical properties of soil in winter wheat Monoculture. 
Agronomy, 11(9), 1726. Available from: https:// doi. org/ 10. 3390/ 
agron omy11 091726

Kotwica, K., Jaskulska, I., Gazewski, L., Jaskulski, D. & Lamparski, 
R. (2014) The effect of tillage and management of post- harvest 
residues and biostymulant application on the yield of winter 
wheat in increasing monoculture. Acta Scientiarum Polonorum. 
Agricultura, 13(4), 65–76.

Kruglov, Y.V. & Lisina, T.O. (2014) Bacillus megaterium 501rif in-
troduced into the soil: factors affecting the rate of survival, 
sporulation and decomposition of the herbicide prometryn. 

Sel'skokhozyaistvennaya Biologiya, 5, 107–112. Available 
from: https:// doi. org/ 10. 15389/  agrob iology. 2014.5. 107eng

Kumar, S., Diksha, M., Sindhu, S.S. & Kumar, R. (2022) Biofertilizers: 
an ecofriendly technology for nutrient recycling and environ-
mental sustainability. Current Research in Microbial Sciences, 
3, 100094. Available from: https:// doi. org/ 10. 1016/j. crmicr.2021. 
100094

Kyrychenko, O.V. (2015) Market analysis and microbial bioprepara-
tions creation for crop growing in Ukraine. Biotechnologia Acta, 
8(4), 42–52. Available from: https:// doi. org/ 10. 15407/  biote ch8. 
04. 040

Lee, J., Ahn, M.S., Lee, Y.- L., Jie, E.Y., Kim, S.- G. & Kim, S.W. (2019) 
Rapid tool for identification of bacterial strains using Fourier 
transform infrared spectroscopy on genomic DNA. Journal of 
Applied Microbiology, 126(3), 864–871. Available from: https:// 
doi. org/ 10. 1111/ jam. 14171 

Liang, X., Yuan, J., Yang, E. & Meng, J. (2017) Responses of soil 
organic carbon decomposition and microbial community to the 
addition of plant residues with different C:N ratio. European 
Journal of Soil Biology, 82, 50–55. Available from: https:// doi. 
org/ 10. 1016/j. ejsobi. 2017. 08. 005

Madhavan, N.T., Patel, K.G., K. Vyas, T. & Ganesh, S. (2017) 
Exploring microbes for their cellulolytic and lignolytic en-
zyme activity for manure preparation. International Journal 
of Current Microbiology and Applied Sciences, 6(12), 3808–
3816. Available from: https:// doi. org/ 10. 20546/  ijcmas. 2017. 
612. 438

Maharjan, K.K., Noppradit, P. & Techato, K. (2022) Suitability of ver-
micomposting for different varieties of organic waste: a system-
atic literature review (2012–2021). Organic Agriculture, 12(4), 
581–602. Available from: https:// doi. org/ 10. 1007/ s1316 5-  022-  
00413 -  2

Maiorov, P.S., Lyashenko, E.A., Feoktistova, N.A., Suldina, E.V. 
& Atamanova, E.E. (2023) Selection of the most prospective 
strains for inclusion in the composition of a biopreparation 
on the basis of cellulose- destroying microorganisms. IOP 
Conference Series: Earth and Environmental Science, 1229(1), 
012031. Available from: https:// doi. org/ 10. 1088/ 1755-  1315/ 
1229/1/ 012031

Malkova, A., Evdokimov, I., Shirmanov, M., Irkitova, A. & Dudnik, D. 
(2021) Development of a microbiological preparation for crops 
based on Bacillus pumilus strains. BIO Web of Conferences, 
36, 07012. Available from: https:// doi. org/ 10. 1051/ bioco nf/ 
20213 607012

Marwal, A., Srivastava, A.K. & Gaur, R.K. (2022) Plant viruses as 
biopesticides. In: New and future developments in microbial 
biotechnology and bioengineering. Amsterdam: Elsevier, pp. 
181–194. Available from: https:// doi. org/ 10. 1016/ B978-  0-  323-  
85577 -  8. 00002 -  0

Meng, X., Li, X., Yang, L., Yin, R., Qi, L. & Guo, Q. (2023) Review on 
microbial metabolomics of probiotics and pathogens: method-
ologies and applications. Biocell, 47(1), 91–107. Available from: 
https:// doi. org/ 10. 32604/  bioce ll. 2023. 024310

Milev, G., Iliev, I. & Ivanova, A. (2015) Production systems treatment 
of post harvest residues with cellulose decomposing prepara-
tions I. Effect on grain yield from wheat. Agricultural Science 
and Technology, 7(1), 77–82. Available from: https:// cabid igita 
llibr ary. org

Mohd Kamal, K., Mahamad Maifiah, M.H., Abdul Rahim, N., Hashim, 
Y.Z.H.- Y., Abdullah Sani, M.S. & Azizan, K.A. (2022) Bacterial 
metabolomics: sample preparation methods. Biochemistry 
Research International, 2022, 1–14. Available from: https:// doi. 
org/ 10. 1155/ 2022/ 9186536

Narayanasamy, P. (2013) Development of formulations and commer-
cialization of biological products. In: Biological Management 
of Diseases of Crops. Heidelberg: Springer Netherlands, pp. 

https://doi.org/10.3390/agronomy10121951
https://doi.org/10.3390/agronomy10121951
https://doi.org/10.33730/2310-4678.4.2022.275037
https://doi.org/10.1371/journal.pone.0209089
https://doi.org/10.1371/journal.pone.0209089
https://doi.org/10.22159/ijpps.2023v15i4.47019
https://doi.org/10.22159/ijpps.2023v15i4.47019
https://www.hse.gov.uk/biocides/active-substance-approval.htm
https://www.hse.gov.uk/biocides/active-substance-approval.htm
https://www.hse.gov.uk/pesticides/active-substances/biostimulants.htm
https://www.hse.gov.uk/pesticides/active-substances/biostimulants.htm
https://www.hse.gov.uk/pesticides/applicant-guide/clp/introduction.htm
https://www.hse.gov.uk/pesticides/applicant-guide/clp/introduction.htm
https://www.hse.gov.uk/biocides/product-authorisation-overview.htm
https://www.hse.gov.uk/biocides/product-authorisation-overview.htm
https://doi.org/10.1128/AEM.01230-20
https://greenground.bg/bg/pochveni-podobriteli/humus-active-grains.html
https://greenground.bg/bg/pochveni-podobriteli/humus-active-grains.html
https://www.iung.pl/nawozowe-produkty-mikrobiologiczne/
https://www.iung.pl/nawozowe-produkty-mikrobiologiczne/
https://doi.org/10.3389/fpls.2023.1279896
https://doi.org/10.2478/am-2023-0005
https://doi.org/10.2478/am-2023-0005
https://doi.org/10.55981/brin.508
https://doi.org/10.55981/brin.508
https://www.agrobios.pl/kompostil
https://doi.org/10.3390/agronomy11091726
https://doi.org/10.3390/agronomy11091726
https://doi.org/10.15389/agrobiology.2014.5.107eng
https://doi.org/10.1016/j.crmicr.2021.100094
https://doi.org/10.1016/j.crmicr.2021.100094
https://doi.org/10.15407/biotech8.04.040
https://doi.org/10.15407/biotech8.04.040
https://doi.org/10.1111/jam.14171
https://doi.org/10.1111/jam.14171
https://doi.org/10.1016/j.ejsobi.2017.08.005
https://doi.org/10.1016/j.ejsobi.2017.08.005
https://doi.org/10.20546/ijcmas.2017.612.438
https://doi.org/10.20546/ijcmas.2017.612.438
https://doi.org/10.1007/s13165-022-00413-2
https://doi.org/10.1007/s13165-022-00413-2
https://doi.org/10.1088/1755-1315/1229/1/012031
https://doi.org/10.1088/1755-1315/1229/1/012031
https://doi.org/10.1051/bioconf/20213607012
https://doi.org/10.1051/bioconf/20213607012
https://doi.org/10.1016/B978-0-323-85577-8.00002-0
https://doi.org/10.1016/B978-0-323-85577-8.00002-0
https://doi.org/10.32604/biocell.2023.024310
https://cabidigitallibrary.org
https://cabidigitallibrary.org
https://doi.org/10.1155/2022/9186536
https://doi.org/10.1155/2022/9186536


16 of 18 |   ROWIŃSKA et al.

129–187. Available from: https:// doi. org/ 10. 1007/ 978-  94-  007-  
6377-  7_ 5

Narwade, J.D., Odaneth, A.A. & Lele, S.S. (2023) Solid- state fer-
mentation in an earthen vessel: Trichoderma viride spore- 
based biopesticide production using corn cobs. Fungal Biology, 
127(7–8), 1146–1156. Available from: https:// doi. org/ 10. 1016/j. 
funbio. 2023. 06. 007

National Research Institute (PZH) (Poland). (2024) Documentation 
requirements necessary for the attestation process for bi-
opreparations and biocidal products -  National Research 
Institute (PZH) (Poland). https:// www. pzh. gov. pl/ wp-  conte nt/ 
uploa ds/ 2019/ 10/ Atest acja-  M_ wymag ania. pdf

Nazranov, K.M., Didanova, E.N. & Khalishkhova, L.Z. (2021) 
Formation and development of the biopreparations market. 
IOP Conference Series: Earth and Environmental Science, 
699(1), 012037. Available from: https:// doi. org/ 10. 1088/ 1755-  
1315/ 699/1/ 012037

Nevins, C.J., Nakatsu, C. & Armstrong, S. (2018) Characterization 
of microbial community response to cover crop residue decom-
position. Soil Biology and Biochemistry, 127, 39–49. Available 
from: https:// doi. org/ 10. 1016/j. soilb io. 2018. 09. 015

NovaFerm R Multi. (2024) https:// www. agros oluti on. at/ filea dmin/ 
user_ upload/ NovaF erm/ Bro_ NF_ Multi_ Einze lseit en_ engl. pdf

NovaFerm® Multi -  AGROsolution. (2024) https:// www. agros oluti on. 
at/ en/ novaf ermr-  produ ktgru ppe/ novaf ermr-  multi 

Novokhatsky, M. (2022) Study of biopreparations efficacy in the grow-
ing of winter wheat. Technical and Technological Aspects of 
Development and Testing of New Machinery and Technologies 
for Agriculture of Ukraine, 30(44), 98–106. Available from: 
https:// doi. org/ 10. 31473/  2305-  5987-  2022-  1-  30(44) -  10

Official Controls (Plant Protection Products) Regulations 2020 and 
come into force on 22nd June 2020. https:// www. legis lation. 
gov. uk/ uksi/ 2020/ 552/ conte nts/ made

Okonji, R.E., Itakorode, B.O., Ovumedia, J.O. & Adedeji, O.S. 
(2019) Purification and biochemical characterization of pecti-
nase produced by Aspergillus fumigatus isolated from soil of 
decomposing plant materials. Journal of Applied Biology and 
Biotechnology, 7(3), 1–8. Available from: https:// doi. org/ 10. 
7324/ JABB. 2019. 70301 

Panfilova, A. (2021) Influence of stubble biodestructor on soil micro-
biological activity and grain yield of winter wheat (Triticum aes-
tivum L.). Notulae Scientia Biologicae, 13(4), 11035. Available 
from: https:// doi. org/ 10. 15835/  nsb13 411035

Parajuli, S., Shrestha, J., Subedi, S. & Pandey, M. (2022) 
Biopesticides: a sustainable approach for pest management. 
SAARC Journal of Agriculture, 20(1), 1–13. Available from: 
https:// doi. org/ 10. 3329/ sja. v20i1. 60526 

Pikuła, D. & Ciotucha, O. (2022) The composition of the organic 
matter fractions of loamy sand after long- term FYM application 
without liming. Agronomy, 12(10), 2385. Available from: https:// 
doi. org/ 10. 3390/ agron omy12 102385

PK Booster Compost Tea. (2024). https:// biota bs. nl/ en/ produ ct/ pk-  
boost er-  compo st-  tea/ 

Plant Protection Products (Miscellaneous Amendments) (EU Exit) 
Regulations 2019, and come into force on exit day. https:// 
www. legis lation. gov. uk/ uksi/ 2019/ 556/ contents

ProBios Plus komposter. (2024) https:// eko-  natur al. com/ produ kt/ 
probi os-  plus-  kompo ster/ 

Pržulj, N. & Tunguz, V. (2022) Significance of harvest residues 
in sustainable management of arable land i. decomposition 
of harvest residues. Archives for Technical Sciences, 1(26), 
61–70. Available from: https:// doi. org/ 10. 7251/ afts. 2022. 1426. 
061p

Pylak, M., Oszust, K. & Frąc, M. (2019) Review report on the role of 
bioproducts, biopreparations, biostimulants and microbial inoc-
ulants in organic production of fruit. Reviews in Environmental 
Science and Biotechnology, 18(3), 597–616. Available from: 
https:// doi. org/ 10. 1007/ s1115 7-  019-  09500 -  5

Pylak, M., Oszust, K. & Frąc, M. (2020) Searching for new bene-
ficial bacterial isolates of wild raspberries for biocontrol of 
phytopathogens- antagonistic properties and functional charac-
terization. International Journal of Molecular Sciences, 21(24), 
9361. Available from: https:// doi. org/ 10. 3390/ ijms2 1249361

Pylak, M., Oszust, K. & Frąc, M. (2021) Optimization of growing me-
dium and preservation methods for plant beneficial bacteria, 
and formulating a microbial biopreparation for raspberry natu-
ralization. Agronomy, 11(12), 2521. Available from: https:// doi. 
org/ 10. 3390/ agron omy11 122521

Ramteke, P., Phule Krishi Vidyapeeth, M., Gandhi Krishi 
Vishwavidyalaya, I., Correspondence Ramteke, I.P., Patle, 
P. & Navnage, N. (2018) Efficient management of crop resi-
due for optimum soil physical properties and their manipula-
tions. Ournal of Pharmacognosy and Phytochemistry, 7(4), 
2919–2922.

Ramzan, N., Noreen, N., Perveen, Z. & Shahzad, S. (2016) Evaluation 
of enzymatic activities and degradation abilities of antagonis-
tic microorganisms associated with compost. International 
Journal of Biology and Biotechnology, 13(1), 135–141.

Regulation (EU) 2019/1009 (2019).
Regulation of the Minister of Agriculture and Rural Development of 

December 1, 2022 (2022).
Rehman, J.U., Joe, E.- N., Yoon, H.Y., Kwon, S., Oh, M.S., Son, E.J. 

et al. (2022) Lignin metabolism by selected fungi and microbial 
consortia for plant stimulation: implications for biologically ac-
tive humus genesis. Microbiology Spectrum, 10(6), e0263722. 
Available from: https:// doi. org/ 10. 1128/ spect rum. 02637 -  22

RewitalPRO+. (2024) https:// bio-  gen. pl/ pl/ nasze -  produ kty/ rewit 
al-  pro

Rinkes, Z.L., Bertrand, I., Amin, B.A.Z., Grandy, A.S., Wickings, K. 
& Weintraub, M.N. (2016) Nitrogen alters microbial enzyme dy-
namics but not lignin chemistry during maize decomposition. 
Biogeochemistry, 128(1–2), 171–186. Available from: https:// 
doi. org/ 10. 1007/ s1053 3-  016-  0201-  0

Roberts, B.A., Fritschi, F.B., Horwath, W.R. & Bardhan, S. (2015) 
Nitrogen mineralization potential as influenced by microbial 
biomass, cotton residues and temperature. Journal of Plant 
Nutrition, 38(3), 311–324. Available from: https:// doi. org/ 10. 
1080/ 01904 167. 2013. 868486

Robl, D., Mergel, C.M., Costa, P.S., Pradella, J.G.C. & Padilla, G. 
(2019) Endophytic actinomycetes as potential producers of 
hemicellulases and related enzymes for plant biomass deg-
radation. Brazilian Archives of Biology and Technology, 62, 
e19180337. Available from: https:// doi. org/ 10. 1590/ 1678-  4324-  
20191 80337 

Rodrik, D. (2014) Green industrial policy. Oxford Review of Economic 
Policy, 30(3), 469–491. Available from: https:// doi. org/ 10. 1093/ 
oxrep/  gru025

Rudź, R. (2020) Success in the commercialization of academic life 
Science discoveries in Poland – a case Study from Jagiellonian 
University. Technology Transfer and Entrepreneurship, 7(1), 
64–73. Available from: https:// doi. org/ 10. 2174/ 22138 09907 
99920 04090 93518 

Ruinex. (2024) https:// www. bioen ergy. lt/ en/ produ ct/ ruinex/ 
Rusakova, I. (2016) Study effect of microbial inoculants on decom-

position of barley straw. Scientific Papers Series Management, 
Economic Engineering in Agriculture and Rural Development, 
16, 467–470.

Safety Data Sheet -  RUINEX. (2024) https:// www. bioen ergy. lt/ wp-  
conte nt/ uploa ds/ 2021/ 05/ EN-  RUINE X-  2020-  SDL. pdf

Sánchez, G., del Pino, A. & Hernández, J. (2018) Decomposition of 
eucalyptus sp. and Pinus taeda harvest residues under con-
trolled temperature and moisture conditions. Open Journal of 
Forestry, 08(01), 87–104. Available from: https:// doi. org/ 10. 
4236/ ojf. 2018. 81007 

Saxena, A. (2020) Products of biotechnology: the out- turn of re-
search and production. In: Biotechnology Business -  Concept 

https://doi.org/10.1007/978-94-007-6377-7_5
https://doi.org/10.1007/978-94-007-6377-7_5
https://doi.org/10.1016/j.funbio.2023.06.007
https://doi.org/10.1016/j.funbio.2023.06.007
https://www.pzh.gov.pl/wp-content/uploads/2019/10/Atestacja-M_wymagania.pdf
https://www.pzh.gov.pl/wp-content/uploads/2019/10/Atestacja-M_wymagania.pdf
https://doi.org/10.1088/1755-1315/699/1/012037
https://doi.org/10.1088/1755-1315/699/1/012037
https://doi.org/10.1016/j.soilbio.2018.09.015
https://www.agrosolution.at/fileadmin/user_upload/NovaFerm/Bro_NF_Multi_Einzelseiten_engl.pdf
https://www.agrosolution.at/fileadmin/user_upload/NovaFerm/Bro_NF_Multi_Einzelseiten_engl.pdf
https://www.agrosolution.at/en/novafermr-produktgruppe/novafermr-multi
https://www.agrosolution.at/en/novafermr-produktgruppe/novafermr-multi
https://doi.org/10.31473/2305-5987-2022-1-30(44)-10
https://www.legislation.gov.uk/uksi/2020/552/contents/made
https://www.legislation.gov.uk/uksi/2020/552/contents/made
https://doi.org/10.7324/JABB.2019.70301
https://doi.org/10.7324/JABB.2019.70301
https://doi.org/10.15835/nsb13411035
https://doi.org/10.3329/sja.v20i1.60526
https://doi.org/10.3390/agronomy12102385
https://doi.org/10.3390/agronomy12102385
https://biotabs.nl/en/product/pk-booster-compost-tea/
https://biotabs.nl/en/product/pk-booster-compost-tea/
https://www.legislation.gov.uk/uksi/2019/556/contents
https://www.legislation.gov.uk/uksi/2019/556/contents
https://eko-natural.com/produkt/probios-plus-komposter/
https://eko-natural.com/produkt/probios-plus-komposter/
https://doi.org/10.7251/afts.2022.1426.061p
https://doi.org/10.7251/afts.2022.1426.061p
https://doi.org/10.1007/s11157-019-09500-5
https://doi.org/10.3390/ijms21249361
https://doi.org/10.3390/agronomy11122521
https://doi.org/10.3390/agronomy11122521
https://doi.org/10.1128/spectrum.02637-22
https://bio-gen.pl/pl/nasze-produkty/rewital-pro
https://bio-gen.pl/pl/nasze-produkty/rewital-pro
https://doi.org/10.1007/s10533-016-0201-0
https://doi.org/10.1007/s10533-016-0201-0
https://doi.org/10.1080/01904167.2013.868486
https://doi.org/10.1080/01904167.2013.868486
https://doi.org/10.1590/1678-4324-2019180337
https://doi.org/10.1590/1678-4324-2019180337
https://doi.org/10.1093/oxrep/gru025
https://doi.org/10.1093/oxrep/gru025
https://doi.org/10.2174/2213809907999200409093518
https://doi.org/10.2174/2213809907999200409093518
https://www.bioenergy.lt/en/product/ruinex/
https://www.bioenergy.lt/wp-content/uploads/2021/05/EN-RUINEX-2020-SDL.pdf
https://www.bioenergy.lt/wp-content/uploads/2021/05/EN-RUINEX-2020-SDL.pdf
https://doi.org/10.4236/ojf.2018.81007
https://doi.org/10.4236/ojf.2018.81007


   | 17 of 18BIOPREPARATIONS FOR DEGRADATION OF RESIDUES

to Delivery. Cham: Springer International Publishing, pp. 181–
193. Available from: https:// doi. org/ 10. 1007/ 978-  3-  030-  36130 
-  3_ 10

Semenov, V.M., Pautova, N.B., Lebedeva, T.N., Khromychkina, D.P., 
Semenova, N.A. & Lopes de Gerenyu, V.O. (2019) Plant resi-
dues decomposition and formation of active organic matter in 
the soil of the incubation experiments. Eurasian Soil Science, 
52(10), 1183–1194. Available from: https:// doi. org/ 10. 1134/ 
S1064 22931 9100119

Shengping, X., Liantian, M., Yujie, M., Yan, D. & Hongbo, Y. 
(2016) Optimizing Bacillus circulans Xue- 113168 for biofer-
tilizer production and its effects on crops. African Journal of 
Biotechnology, 15(52), 2795–2803. Available from: https:// doi. 
org/ 10. 5897/ ajb20 16. 15255 

Shu, X., Zou, Y., Shaw, L.J., Todman, L., Tibbett, M. & Sizmur, T. 
(2021) Cover crop residue diversity enhances microbial activity 
and biomass with additive effects on microbial structure. Soil 
Research, 60(4), 349–359. Available from: https:// doi. org/ 10. 
1071/ SR21105

Sieniawska, E. (2022) Bioinformatics supported liquid chromatog-
raphy–mass spectrometry for characterization of bacterial me-
tabolites. Priochem, 7, 66. Available from: https:// doi. org/ 10. 
3390/ chemp roc20 22007066

Singh, M., Kumar, A., Singh, R. & Pandey, K.D. (2017) Endophytic 
bacteria: a new source of bioactive compounds. 3 Biotech, 
7(5), 315. Available from: https:// doi. org/ 10. 1007/ s1320 
5-  017-  0942-  z

Singh, R. & Upadhyay, S.K. (2019) A study on the plant litter de-
composition using Mycoflora for sustainable environment. 
Plantae Scientia, 02(01), 11–14. Available from: https:// doi. org/ 
10. 32439/  ps. v1i06. 11-  14

Singh, S.P. & Sharma, B. (2020) Role of crop residues in improving 
soil fertility and succeeding crops. Journal of Pharmacognosy 
and Phytochemistry, 9(3), 258–264. Available from: https:// doi. 
org/ 10. 22271/  phyto. 2020. v9. i3d. 11272 

Sivaramanan, S. (2014) Isolation of cellulolytic fungi and their deg-
radation on cellulosic agricultural wastes. Journal of Academia 
and Industrial Research, 2(8), 458–463. Available from: https:// 
doi. org/ 10. 13140/ 2. 1. 3633. 4080

SŁOMER. (2024) https:// www. agrob ios. pl/ slomer
Steglińska, A., Bekhter, A., Wawrzyniak, P., Kunicka- Styczyńska, 

A., Jastrząbek, K., Fidler, M. et al. (2022) Antimicrobial activi-
ties of plant extracts against Solanum tuberosum L phytopatho-
gens. Molecules, 27(5), 1579. Available from: https:// doi. org/ 10. 
3390/ molec ules2 7051579

Stojanović, S.S., Karabegović, I., Beškoski, V., Nikolić, N. & Lazić, 
M. (2019) Bacillus based microbial formulations: optimization 
of the production process. Hemijska Industrija, 73(3), 169–
182. Available from: https:// doi. org/ 10. 2298/ HEMIN D1902 
14014S

Szczygielski, K., Lewkowicz, J. & Michałek, J.J. (2022) The biotech-
nology sector in a latecomer country: the case of Poland. New 
Biotechnology, 68, 97–107. Available from: https:// doi. org/ 10. 
1016/j. nbt. 2022. 01. 008

Terletsky, V.P., Tyshchenko, V.I., Novikova, I.I., Boikova, I.V., 
Tyulebaev, S.D. & Shakhtamirov, I.Y. (2016) An efficient 
method for genetic certification of Bacillus subtilis strains, pro-
spective producers of biopreparations. Microbiology (Russian 
Federation), 85(1), 71–76. Available from: https:// doi. org/ 10. 
1134/ S0026 26171 6010136

Toader, E.V., Toader, G., Trifan, D., Lungu, E. & Ghiorghe, A.- I. 
(2022) Innovative ecological technologies for soil restoration: 
bacterial biopreparations. https:// doi. org/ 10. 24818/  CAFEE/  
2021/ 10/ 09

Toader, G., Chiurciu, C., Chiurciu, V., Maierean, N., Sevciuc, P. & 
Chiţonu, P. (2019) Research on the use of bacterial bioprepara-
tions in agricultural crops of vegetables.

Toader, G., Chiurciu, V., Filip, V., Burnichi, F., Toader, E.- V., Enea, 
C. et al. (2020) Bacterial biopreparations- a “green revolution” 
for agriculture. Research Journal of Agricultural Science, 52(3), 
198–205.

Toader, G., Chiurciu, V., Maierean, N., Filip, V., Floarea, C.- I., 
Sevciuc, P. et al. (2020) Results on the use of bacterial bio-
preparations (biological fertilizers) in agricultural crops in re-
search and development stations for agriculture, Romania. 
Lucrări Ştiinţifice, 63(1), 153–158.

Toader, G., Chiurciu, V., Maierean, N., Sevciuc, P., Filip, V., Burnichi, 
F. et al. (2020) Economic advantages of using bacterial bio-
preparations in agricultural crops. http:// hdl. handle. net/ 10419/  
234396

Upadhyay, H., Banik, D., Aslam, M. & Singh, J. (2021) Beneficial mi-
crobiomes for sustainable agriculture: an ecofriendly approach. 
In: Current Trends in Microbial Biotechnology for Sustainable 
Agriculture. Singapore: Springer Nature Singapore, pp. 227–
244. Available from: https:// doi. org/ 10. 1007/ 978-  981-  15-  6949-  
4_ 10

Upadhyay, H., Mirza, A. & Singh, J. (2020) Impact of Biopesticides in 
Sustainable Agriculture. In: Advances in Plant Microbiome and 
Sustainable Agriculture. Berlin: Springer Nature, pp. 281–296. 
Available from: https:// doi. org/ 10. 1007/ 978-  981-  15-  3208-  5_ 11

Vishal, S., Singh, R. & Pradhan, A. (2023) Influence of biofertilizers 
and nitrogen on yield and economics of barley (Hordeum vul-
gare L.). International Journal of Plant and Soil Science, 35(17), 
196–202. Available from: https:// doi. org/ 10. 9734/ ijpss/  2023/ 
v35i1 73199 

Wang, L. & D'Odorico, P. (2013) Decomposition and mineralization. 
In: Encyclopedia of ecology. Amsterdam: Elsevier, pp. 280–
285. Available from: https:// doi. org/ 10. 1016/ B978-  0-  12-  40954 
8-  9. 00688 -  6

Witkowska, D., Kancelista, A., Wilczak, A., Stempniewicz, R., 
Pasławska, M., Piegza, M. et al. (2016) Survivability and stor-
age stability of Trichoderma atroviride TRS40 preserved by flui-
dised bed drying on various agriculture by- products. Biocontrol 
Science and Technology, 26(12), 1591–1604. Available from: 
https:// doi. org/ 10. 1080/ 09583 157. 2016. 1201457

Worwąg, M., Zawieja, I. & Kowalczyk, M. (2020) Comparison of mi-
crobial activity of selected biopreparations and leachates for 
composting. Desalination and Water Treatment, 199, 112–118. 
Available from: https:// doi. org/ 10. 5004/ dwt. 2020. 25630 

Woźniak, M., Gałązka, A., Grządziel, J. & Głodowska, M. (2018) The 
identification and genetic diversity of endophytic bacteria iso-
lated from selected crops. The Journal of Agricultural Science, 
156(4), 547–556. Available from: https:// doi. org/ 10. 1017/ S0021 
85961 8000618

Woźniak, M., Tyśkiewicz, R., Siebielec, S., Gałązka, A. & 
Jaroszuk- Ściseł, J. (2023) Metabolic profiling of endophytic 
bacteria in relation to their potential application as compo-
nents of multi- task biopreparations. Microbial Ecology, 86(4), 
2527–2540. Available from: https:// doi. org/ 10. 1007/ s0024 8-  
023-  02260 -  4

Xu, Y., Sun, L., Lal, R., Bol, R., Wang, Y., Gao, X. et al. (2020) 
Microbial assimilation dynamics differs but total mineralization 
from added root and shoot residues is similar in agricultural 
Alfisols. Soil Biology and Biochemistry, 148, 107901. Available 
from: https:// doi. org/ 10. 1016/j. soilb io. 2020. 107901

Yang, J., Zhao, J., Jiang, J., Xu, H., Zhang, N., Xie, J. et al. (2021) 
Isolation and characterization of Bacillus Sp. capable of deg-
radating alkali lignin. Frontiers in Energy Research, 9, 807286. 
Available from: https:// doi. org/ 10. 3389/ fenrg. 2021. 807286

Yu, G., Zhao, H., Chen, J., Zhang, T., Cai, Z., Zhou, G. et al. (2020) 
Soil microbial community dynamics mediate the priming ef-
fects caused by in situ decomposition of fresh plant residues. 
Science of the Total Environment, 737, 139708. Available from: 
https:// doi. org/ 10. 1016/j. scito tenv. 2020. 139708

https://doi.org/10.1007/978-3-030-36130-3_10
https://doi.org/10.1007/978-3-030-36130-3_10
https://doi.org/10.1134/S1064229319100119
https://doi.org/10.1134/S1064229319100119
https://doi.org/10.5897/ajb2016.15255
https://doi.org/10.5897/ajb2016.15255
https://doi.org/10.1071/SR21105
https://doi.org/10.1071/SR21105
https://doi.org/10.3390/chemproc2022007066
https://doi.org/10.3390/chemproc2022007066
https://doi.org/10.1007/s13205-017-0942-z
https://doi.org/10.1007/s13205-017-0942-z
https://doi.org/10.32439/ps.v1i06.11-14
https://doi.org/10.32439/ps.v1i06.11-14
https://doi.org/10.22271/phyto.2020.v9.i3d.11272
https://doi.org/10.22271/phyto.2020.v9.i3d.11272
https://doi.org/10.13140/2.1.3633.4080
https://doi.org/10.13140/2.1.3633.4080
https://www.agrobios.pl/slomer
https://doi.org/10.3390/molecules27051579
https://doi.org/10.3390/molecules27051579
https://doi.org/10.2298/HEMIND190214014S
https://doi.org/10.2298/HEMIND190214014S
https://doi.org/10.1016/j.nbt.2022.01.008
https://doi.org/10.1016/j.nbt.2022.01.008
https://doi.org/10.1134/S0026261716010136
https://doi.org/10.1134/S0026261716010136
https://doi.org/10.24818/CAFEE/2021/10/09
https://doi.org/10.24818/CAFEE/2021/10/09
http://hdl.handle.net/10419/234396
http://hdl.handle.net/10419/234396
https://doi.org/10.1007/978-981-15-6949-4_10
https://doi.org/10.1007/978-981-15-6949-4_10
https://doi.org/10.1007/978-981-15-3208-5_11
https://doi.org/10.9734/ijpss/2023/v35i173199
https://doi.org/10.9734/ijpss/2023/v35i173199
https://doi.org/10.1016/B978-0-12-409548-9.00688-6
https://doi.org/10.1016/B978-0-12-409548-9.00688-6
https://doi.org/10.1080/09583157.2016.1201457
https://doi.org/10.5004/dwt.2020.25630
https://doi.org/10.1017/S0021859618000618
https://doi.org/10.1017/S0021859618000618
https://doi.org/10.1007/s00248-023-02260-4
https://doi.org/10.1007/s00248-023-02260-4
https://doi.org/10.1016/j.soilbio.2020.107901
https://doi.org/10.3389/fenrg.2021.807286
https://doi.org/10.1016/j.scitotenv.2020.139708


18 of 18 |   ROWIŃSKA et al.

Zhao, B., Wang, Y., Li, L., Ma, L., Deng, Y. & Xu, Z. (2023) Adjusting 
pH of the secondary composting materials to further enhance 
the lignocellulose degradation and promote the humification 
process. Sustainability, 15(11), 9032. Available from: https:// 
doi. org/ 10. 3390/ su151 19032 

Біонорма Деструктор. (2024) https:// biono rma. ua/ bioro zklad 
annya/  biono rma-  destr uctor -  granu ly-  20-  kg/# instr uction

Какво е Байкал ЕМ1? (2024) https:// hyper group. org/ kakvo_e_ 
baykal_ em1/?v= c30de 8669768

How to cite this article: Rowińska, P., 
Gutarowska, B., Janas, R. & Szulc, J. (2024) 
Biopreparations for the decomposition of crop 
residues. Microbial Biotechnology, 17, e14534. 
Available from: https://doi.org/10.1111/1751-
7915.14534

https://doi.org/10.3390/su15119032
https://doi.org/10.3390/su15119032
https://bionorma.ua/biorozkladannya/bionorma-destructor-granuly-20-kg/#instruction
https://bionorma.ua/biorozkladannya/bionorma-destructor-granuly-20-kg/#instruction
https://hypergroup.org/kakvo_e_baykal_em1/?v=c30de8669768
https://hypergroup.org/kakvo_e_baykal_em1/?v=c30de8669768
https://doi.org/10.1111/1751-7915.14534
https://doi.org/10.1111/1751-7915.14534

	Biopreparations for the decomposition of crop residues
	Abstract
	INTRODUCTION
	MECHANISMS OF DECOMPOSITION OF CROP RESIDUES
	BIOPREPARATIONS FOR DECOMPOSITION OF CROP RESIDUES
	CHALLENGES FOR THE BIOTECHNOLOGY INDUSTRY RELATED TO THE INCREASED DEMAND FOR BIOPREPARATIONS AND POSSIBLE SOLUTIONS
	CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


