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1. Introduction 

The role of microorganisms in agriculture and as providers of ecosystem services is 
internationally recognized. In this document ‘micro-organism’ means any 
microbiological entity, including lower fungi and viruses, cellular or non-cellular, 
capable of replication or of transferring genetic material (Reg. EU 1107/2009).  
Indeed,  to accomplish their role, microorganisms  provide the turnover of organic 
matter in soil, mobilize plant nutrients, establish tight or loose relationships with 
plant roots (e.g. symbiotic nitrogen fixation of legume crops with rhizobia, 
biocoenoses  of crops with azospirilli, mycorrhizal symbioses), contribute to plant 
growth by providing essential nutrients (e.g. nitrogen), water, and phytostimulatory 
substances; microorganisms contribute to plant quality by altering/enhancing their 
nutraceutical traits, and finally can contribute to plant health by antagonizing harmful 
organisms.  Furthermore, microorganisms significantly reduce soil non-synthetic 
toxicants via their bioremediation potential, contribute significantly to soil 
(functional) biodiversity, act as primary agents in the biogeochemical cycles, 
contribute to animal welfare and nutrition. There are several ways microbial activities 
that can help plants to grow better and  healthier, as it has been demonstrated in the 
last two decades by using conventional and biomolecular approaches, i.e. through (a) 
the production of secondary metabolites which are toxic to pathogens, (b) the 
induction of host plants to produce secondary metabolites  which are toxic to 
pathogens, (c) direct hyperparasitism of a single microbial strain towards one harmful 
organism, (d) the competition with plant pathogens for trophic/spatial niches, (e) the 
induction of resistance in the crops, (f) the alteration of the fertilization status and 
chemical traits of the host plants. 

 

2. Microbes as single strains or as microbial consortia 

Very occasionally microbes occur, survive and persist in bulk soil, in the proximity of 
plant root canopy, as phyllospheric (i.e. present on the plant leaf) or even as 
endophytes  (i.e. present within the plant shoot or other parts) as  single strains or 
single species.  Most commonly, if not generally, they occur  as members of a more 



complex microbiota,  just as in the human intestine, in the stomach of ruminants, in a 
biogas fermentor, in a legume root nodule or in a termite nest. Despite their intrinsic 
diversity, microbial consortia tend to respond to the environmental stressors as a 
unique organism, having more chances than any microbial strain, living as a single 
population, to adapt one or more of their components to the stressor, taking advantage 
of internal beneficial interactions among members. The balance of the different 
components of a microbial consortium, in quantitative terms, will ultimately depend 
on a continuous shift between actively growing (i.e. viable and culturable) cells and 
non-dividing (i.e. viable non-culturable) cells of the various components of the 
population.  

 

3. Microbes used as fertilizers/bioeffectors and plant protectants  

For more than the last two decades, tens of plant protection products and a few 
biofertilizers have been used, based on single microbial strains. More recently, the 
microbial consortia are receiving increasing attention for use in agriculture and agro-
industry as either biofertilizers/bioeffectors and plant protectants. Single strains  used 
as plant protectants  are present at high density in the formulated products and are 
subjected to extensive risk assessment in the framework of the legislation related to 
their authorization for marketing (Reg. EU 1107/2009). Single strains used as 
biofertilizers are present on the market at high density and are subjected to risk 
assessment in the framework of national legislations. Biofertilizers/bioeffectors  
consisting of single microbial strains generally do not require the same extensive risk 
assessment as plant protectants and are marketed with limited registration 
requirements 

On the contrary, the density of  each of the components of a consortium, used as plant 
protectant, remains considerably lower than the density which characterizes the 
products based on single strains,  and several endpoints fall below the treshold of 
toxicological concern in the authorization process. At the moment plant protectants 
consisting of microbial consortia should undergo the same procedures as the products 
based on single strains, despite the fact that it is scientifically very hard to imagine 
that the overall risk can be assessed based on the risk of each of the components.  
Biofertilizers/bioeffectors consisting of microbial consortia have the same 
registration requirements as the ones based on single microbial strains.  The overall 
matter appears even more complex when considering that (a) some microorganisms, 
either as single strains or as members of a microbial consortium,  have both effects as 
biofertilizer/bioeffector and plant protectant, (b) some microorganisms, having a 



potential for acting as plant protectant, play instead a role as members of a 
consortium in organic matter turnover in soil environment. This situation represents 
an open question for industry and regulators, and offers a good opportunity for 
further improvements of science-based registration procedures.   

At the moment it appears that  the intention of use in the first instance, and the mode 
of action in a second place, should play a pivotal role in the decision making process 
about the classification of the microorganism and the related registration 
requirements in the EU.  

 

4. Microbial consortia as bioeffectors:  a proposal for an approach to risk 
assessment 

In order to provide a frame for an approach to Risk Assessment (RA) of Microbial 
Consortia (MC) to be marketed in EU as bioeffectors, the following elements should 
be taken into consideration: 

4.1 The MC should be evaluated and properly assessed before entering the market 

4.2 The risk assessment should take into consideration the features and traits of MC 
which are different from the ones characterizing microbial products based on single 
strains at high density 

To achieve this goal the product based on MC should be assessed by  

- describing in full the taxonomically identified components of the MC and their 
biological traits 

- describing the physical-chemical traits of the product and the methods used, 
including statistical evaluations  

- assessing the toxicological traits as a whole consortium with respect to the 
production of (secondary) metabolites of toxicological concern ex planta as well as in 
planta after short/extended exposure of the plant to the MC at mesocosm 
(greenhouse) level, i.e. looking at whether a (rhizospheric) soil extract contains 
relevant metabolites in concentration of toxicological concern 

- describing the efficacy of the consortium as such 

- describing the invasiveness and persistence of the MC in the environmental 
compartments for an appropriate number of crop cycles 



- identifying the ecotoxicological consequences of the use of the MC as such, on  
ecologically relevant species or species providing ecosystem services 

Although finding a scientifically-based balance between regulatory needs and 
marketing constraints is not always an easy task, the availability of scientific 
advancements combined to common sense should help in describing the risk profile 
of Microbial Consortia satisfactorily for all interested parties.  
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