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In the last 40 years, the concept of microorganisms that can
enhance plant productivity matured into a research field,
stretching from in vitro experiments, greenhouse and field
trials done for research purposes, to commercial products applied worldwide. Currently numerous companies, big and
small, are producing and marketing a large variety of seed
inoculants and other microbial products for agricultural and
horticultural uses (Bashan et al. 2014; Calvo et al. 2014). The
market value of plant growth-promoting rhizobacteria/
bacteria (PGPR/PGPB), biological control agents, and a variety of biostimulants was valued at USD 6.00 Billion in 2016
and is projected to reach 14.65 Billion by 2023, growing at a
compound annual growth rate of 13.80% from 2017 (https://
www.marketsandmarkets.com/Market-Reports/top-10-trendagricultural-biological-market-139215554.html).
The scientific community engaging in research with these
microorganisms is interested mainly in new developments,
new products and new scientific concepts. As such, precise
validation or simple confirmation of previous results or repetition of already published studies has very low priority.
Because every scientific journal is interested in innovation,
these results are seldom, or never, published. The direct user
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of such published information is the inoculant industry.
Naturally because of intellectual property, issued information
of failed experiments is mostly unavailable. Yet, quite a few
studies repeated on commercial inoculants from various industries did not provide the benefits expected from these products (Denton et al. 2002; De Bruin et al. 2010; Karamanos
et al. 2010). Such failures are better known in the biomedical
industry (Petsko 2010).
We identified four potential pitfalls responsible for such
failures in the PGPR/PGPB research field; (i) improper description of fermentation processes by the original publication; (ii) improper description of consortia when used, (iii)
improper description how consortia are made of, (iv) most
times, the publications also don’t clearly disclose formulation
techniques, exact dosage of microbial products used per unit
area, soil physico-chemicals conditions etc., which could seriously impact the performance of microbial products, and (v)
very few formal publications describing failure of a set of
experiments (Bacilio et al. 2017; Karamanos et al. 2010;
Martínez-Viveros et al. 2010).
All PGPR/PGPB inoculants are culturable bacteria.
Consequently, proper fermentation to produce large population of bacteria to be later formulated into an inoculant is one
of the most essential features of inoculant production (Bashan
et al. 2014; Calvo et al. 2014). Most publications followed the
first original one on any PGPR/PGPB plant interaction and
sometimes even in the first publication, to save printing space
in the journal, the fermentation process is described briefly or
as a reference from another PGPR/PGPB system following a
statement “with small modifications” where the changes are
described, but rarely a fully detailed protocol is provided. This
first paper is commonly used as a reference for future publications on specific PGPR/PGPB interaction.
While it is common that the experimental laboratory uses
analytical ingredients for small fermentation studies, to save
costs, the industrial manufacturers of inoculants use less purified ingredients. From numerous microbiological studies it is
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well established that addition of impurities into culture medium may significantly change the outcome of the fermentation
for formation of other metabolites responsible for plant
growth promotion or creating plant growth inhibition.
Additionally, small technical details may also play a factor
which makes repetition of the original fermentation a challenge for the industry. These parameters could involve difference in stirring, formation of biofilm, fluctuation in temperature, oxygen gradient within the fermenter, volume of the
batch fermentation, harvesting time and harvesting procedures. These small but sometimes crucial technical details
are seldom published because they lack “sufficient novelty
for our broad readers” as most journals put it to the authors
who submit such technical papers.
It is commonly understood that competition between
journals for the most novel articles and ideas will not change
as this directly affected their metrics and in printed journal will
also significantly increase the size of Materials and Methods
section for the benefit of only one client of these journals, the
industry. A practical solution can be suggested. Almost all
important journals contain a section of “supplementary material” available to all readers or subscribers. This section provides ample space to include detail data, mostly for statistical
purposes or complicated mathematical/bioinformatical analyses. Addition of detailed fermentation protocol will make no
difference to the space allocated to the publication and will
satisfy the necessities of scientists who need to repeat the
experiment.
In earlier period of the PGPR/PGPB research field a specific species or strain was used and is even true today in many
experimental and commercial Azospirillum spp. and Bacillus
spp. based inoculants. Verification and monitoring of a single
species, once a proper molecular procedure is established, is
fairly easy and reliable (Posada et al. 2016; Trejo et al. 2012).
Over the last decade, combination of bacterial species, specific
strains, and mixture with other beneficial microbes, consortium, is being tested and formulated as inoculants. The issue
of proper identification of each species and strain within such
inoculant was addressed in a previous editorial (Bashan et al.
2016). Yet, when consortium formation is addressed, more
technical questions need to be additionally raised to the proper
identification of the members of such consortia. Two types of
consortia are known, a simple one and a complex one. Simple
consortium can consist of simply mixing PGPR/PGPB/AM
fungi fermented separately before inoculation. Consortia can
be formed by fermenting more than one PGPR/PGPB together
in a medium suitable for both. The more species/strains in the
fermentation process the more complex the outcomes, because species can interact and affect each other growth and
production of PGP metabolites. Once such consortia are
formed, a detailed analysis of the population is essential to
know and also the quantity of PGP metabolites formed. This
information can be included in a table in Materials and
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Methods together with the identification of the members of
the consortium.
Complex consortia are by far more difficult to handle regarding PGPR/PGPB. In addition to the limitation presented
by a simple consortium, there are additional complications
inherit from time and source of the consortium. There are
two types, consortia formed over time such as in the food
industry, and unknown consortia formed which cannot be defined due to insufficient knowledge at this time. Consortia can
be formed as a starter of an industrial product such as diary
fermentation, wine, tequila and other alcoholic fermentations
where the main organism is known but not the supportive
microorganisms that were added experimentally or accidentally over long period of time. These microorganisms are typically regarded as industrial secrets. In the case of
PGPR/PGPB, if the developer is reluctant to disclose them,
there is no scientific value of publishing the paper. Once the
information is lost, this consortium is lost forever.
The second complex consortia are the ones planed for the
future based of microbiomes/metagenomics analyses.
Currently, studies on metagenomics and microbiome of certain
plant organs are highly descriptive considering the plant and its
associated microorganisms as metaorganisms (Berg et al.
2016). Depending on the quality and type of the molecular
analysis, it typically yields a long list of microorganisms with
high speculative functional description depend on similarities
of genes and relatedness among species (Nannipieri et al.
2019; Schöler et al. 2017; Vestergaard et al. 2017). The relation
to PGPR/PGPB are only indirectly established because the
plants function well and sometimes growth promotion occurred but it is unclear who caused what effect in the
metaorganism (Bakker et al. 2013). In times when this descriptive evaluations are predicted to be transformed from experiments done in vitro in petri dishes with miniature model plants
such as Arabidopsis to more functional microbiome capable of
producing potential data for practical use (Berg et al. 2013),
this will create, by default, a complex consortium mainly because of lack of knowledge about specific interplay within the
plant holobiont that is yet to be explored. When this occurs, the
only solution is to give full description of the microorganisms
involved together with the identified PGPR/PGPB as a description of a consortium where all the functions of all microbial members and their interaction are unknown.
Any reading through extensive PGPR/PGPB literature
shows uninterrupted continuous success of the approach with
hardly any failure reported. In reality, many studies failed, but
this failure is not represented in the literature which gives a
misleading view of the state of art of the field. Only rarely
failures of experiments were formally described (See above
references). The opinion of most journals on novelty publications notwithstanding, there is a need especially for industrial
scientists to know which approaches failed to avoid perusing
dead-end causes.
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In summary, we propose that new manuscripts that do not
contain the above information on fermentation of microorganisms or proper description of a consortium that was use should
not be considered for publication. Simultaneously, publication
of negative results is encouraged.
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