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Introduction

In the last decades, many efforts have been made to achieve a more sustainable agriculture,
resulting from the economic and environmental needs of increasing food production with
lower inputs of fertilizers and pesticides. In this context, there is a growing interest in
exploring the beneficial activity of microbes, especially rhizosphere bacteria, collectively
known as plant growth-promoting rhizobacteria (PGPR). Several studies have shown that
many bacterial strains, belonging to different genera, isolated from soil and rhizosphere of
plants, can effectively promote plant growth by means of direct and indirect mechanisms [1].
Despite the indisputable importance of PGPR for sustainable agriculture, the availability of
inoculants for farmer scale is still scarce. The rising number of studies demonstrating the
efficacy of new PGPR strains in many crop species does not result in a proportional rise
of new inoculant products. In Brazil, a country with a long history of research and use of
inoculants, there are only 12 PGPR strains authorized for the production of inoculants,
which are recommended for only four species: rice, wheat, maize and eucalyptus [2]. This
situation remains unchanged since 2011, although the efforts of numerous research groups.
In the rest of the world, the situation is not much different. Some of main constraints to make
available new inoculant products are linked to complex regulatory policies in each country
[3]. Moreover, PGPR inoculants often show problems of stability during formulation and
storage stages [3] and even registered PGPR inoculant products may have variable efficiency
depending on soil, climate and plant genotype [4].

At the same time that inoculant registration and production still have some limitation,
beneficial microbes are present in every soil and can be stimulated by proper management
practices. The use of crop rotation, conservation tillage and fertilization management practices
that improve soil quality can boost the microbial activity of the soil, resulting in benefits
for plant development. Microbial processes, such as the control of plant pathogens via soil
suppressiveness, the production of plant growth regulators, the solubilization of nutrients
and the nitrogen fixation, are affected by edaphic conditions, which can be molded by soil
management [5]. Usually, management practices that increase soil organic matter levels will
also increase microbial biomass and activity and, consequently, soil suppressiveness. Other
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microbial processes, although they may also be favored by the
increase in soil organic matter, have a more complex relationship
with edaphic attributes. Nitrogen fixation rates, for instance, seems
to be more influenced by the diazotrophic community structure
than by soil characteristics [6]. So, to take full advantage of some
soil plant-growth promoting activities, it is necessary to identify the
microbial keystone taxa, which drive community composition and
function, and elaborate strategies to modulate their abundance and
diversity.

The concept of keystone taxa and the attempts to understand
their complex metabolic and functional network in order to
influence its composition are a recent topic in soil microbiology.
They are the result of the so-called microbiome revolution [7]
brought about by the fast advances in sequencing technology and
bioinformatics analysis.

These techniques, which in a first moment were restricted to
the academic environment, allowed the identification of keystone
taxa and their influence on microbiome structure and functioning.
Furthermore, allowed the establishment of the relationship
between the microbiota, root-exuded specialized metabolites [8],
soil properties and crop productivity, with predictive possibilities
[9]. Gradually, as high-throughput sequencing technologies are
getting more efficient and affordable, they trend to become routine
analysis whose results will be directly available to farmers in a
comprehensive way. Consequently, it will be increasingly possible
to obtain refined microbiological indicators of soil quality that
may prove to be equally useful as the current widely employed
estimations of physical and chemical soil properties. By knowing
the relationship between soil chemical and physical attributes,
microbiome composition and function, and crop productivity,
farmers will be able to make a decision in the direction of increasing
the diversity and abundance of desirable microbial groups. With this
information, farmers will be able to choose the most appropriate
management, in order to build up a “plant grow-promoting soil”
by shaping the soil microbial community to take advantage of its
beneficial activities.
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