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Plant growth-promoting microorganisms, biological control
agents, pesticides, and a variety of stimulants to enhance plant
performance are commonly tested and commercially applied
worldwide on increasing scales each year (Bashan et al.
2014; Calvo et al. 2014; Lugtenberg and Kamilova 2009). In
recent years, inoculation of plants with microorganisms to
enhance productivity has become widespread, with more so-
phisticated and complex formulations and application
methods. These formulations use a variety of application tech-
niques, such as using natural and synthetic polymers or add
more than one microorganism to the inoculants. These micro-
bial consortia in inoculants may have over ten different mi-
croorganisms. Inoculants may have synthetic vitamins, plant
hormones, and humic and fulvic acids. Other inoculants add
different plant or algae or seaweed extracts, protein hydrolytes
and amino acids as stimulants, as well as bulking materials,
such as clays, minerals (vermiculite and perlite), talcum, or
undisclosed soil fractions. Numerous adhesives, surfactants,
stabilizing and dispersing materials, and preservatives to en-
hance survival and dispersal of the microorganisms are com-
monly added. The identity of these components in microbial

formulations is often not disclosed in the product label. Spe-
cific details of application are usually explained by the man-
ufacturer on the container label, but rarely in a formal
publication.

As product formulations change, performance of bacterial
strains in the product may change. Hence, it might not be
possible to objectively compare the effects of an inoculated
microorganism in laboratory experiments with the effects of
the same microbe in a commercial formulation. This results
from some components in the formulations having synergistic
bioactivities that are greater than a single strain of microor-
ganism. As an example, the plant growth-promoting bacteri-
um Azospirillum brasilense strain AZ39 is one of the most
common Azospirillum strains used in Latin America. Yet, its
performance significantly varies, depending on the specific
formulation and the method of inoculation. Similar phenom-
enon occurs with rhizobia.

Pesticides are commonly used in agriculture and are clas-
sified, according to the pest organism, in insecticides, fungi-
cides, herbicides (weeds killers), nematocides, and rodenti-
cides. The first three pesticides are those most used. Pesticides
differ greatly for their chemical structures, and this result in a
great variety of toxicological properties, most of them contain
aromatic rings and some are chlorinated, just to mention a few
chemical characteristics. Field rates depend on several factors
including soil type (Bremner and Mulvaney 1976; Cervelli
et al. 1976). Usually, pesticides are applied in formulations
containing several other constituents often not disclosed in
the product label, as mentioned above for the microbial inoc-
ula. These additives may include solvents, by-products of the
target compounds, salts, chemical vehicles of the target com-
pound, etc. Obviously toxicological studies of the target pes-
ticide should also consider the effect of all other constituents;
these effects may be synergic or antagonist with those by the
target pesticide (Cervelli et al. 1976).
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For the economic benefit of the grower, it makes little dif-
ference if the formulation or the application method of the
inoculant is disclosed. However, for the scientific community
engaged in research with these microorganisms or pesticides,
this is an important hurdle that must be addressed. Failure to
know all the ingredients in a product at the time of an exper-
iment makes it very difficult to compare results done without
any formulation or with a subsequent change in a product
formulation.

In recent years, many manuscripts have been submitted to
scientific journals, where commercial inoculants or commer-
cial pesticides and commercial methods are part of the study.
However, these studies frequently list the commercial name of
the inoculant or pesticide and the method of application as:
“according to the manufacturer’s instructions,” as printed on
the product label. However, this statement likely creates a
problem for continuity of research on the same microorgan-
ism(s) or pesticide(s). For example, if an investigator wishes
to repeat a highly successful inoculant study, it would be im-
possible without the details of the commercial formulation
used in the first study.

Another problem occurs when the product originates and is
tested in one country and the experiment is repeated in another
country. The biological product sometimes cannot be legally
imported, if it lacks any of the specific requirements of the
customs declarations for importing microbial products or
when the company ceases to exist or when the original label
has been changed to reflect a newer formulation. This is a
particular strong concern for inoculants originating in devel-
oping countries that were intended to be exported, but never
exported. This creates a dead-end scenario when a “success-
ful” specific strain or inoculation method “exists” only as a
scientific publication and cannot be repeated elsewhere.

In most countries, the species of microorganism is
disclosed, but sometimes the specific strain is not mentioned.
In literature about biological control agents (PGPR), it is cus-
tomary to state the identity of the strain because it directly
impacts efficacy. However, in general, in plant growth promo-
tion by PGPB, especially in agriculturally oriented journals, it
is common to find ambiguities regarding the identity of the
microorganisms when a consortia of microorganisms is used
or the species is unidentified and only the genus is provided.

To add clarity to studies of microorganisms or pesticides in
agriculture, such that studies of the same microbial strains or
pesticide can be compared, we propose several guidelines for
manuscripts.

& In each new manuscript, the precise formulation of the
inoculants or pesticide should be disclosed in quantitative
details, including all non-active materials and active sup-
plements. The URL of the website where the product label
exists and the date of the product label should be indicat-
ed. In cases where the inoculant is proprietary or is intel-
lectual property, the serial registration number of the pat-
ent or the intellectual property and the country of registra-
tion must be disclosed. All bacterial species, not only the
genus name, should be disclosed and be available from
microbial collections available to the public. The bacterial
strain designation in a specific collection should be includ-
ed. When strains are intellectual property of an organiza-
tion, the name of the organization holding the rights
should be disclosed. If specific sequence(s) of a strain is
publically known, this should be disclosed as the defini-
tive identification of the strain.

& All microbial strains in a consortium must be listed.
& Inoculation techniques must be described in sufficient de-

tail to allow repetition of the experiment. Accordingly,
statements such as “Inoculation was done according to
the manufacturer’s instructions” are not acceptable.

& The name and physical address of the manufacturer of the
inoculants or pesticide product should be disclosed. The
URL of the manufacturer’s website is preferred. The dis-
tributor or sales agency is not acceptable for formal
publication.

In summary, we propose that new manuscripts that do not
contain the above information on identification, formulations,
and application methods of microorganisms or pesticides
should not be considered for publication.
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