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Editorial to the Thematic Topic “Towards a more sustainable
agriculture through managing soil microbiomes”

Consistent with the concept of ecosystem sustainability—
defined as ‘the ability of an ecosystem to maintain its poten-
tial for self-regulation in the long term’ (Bender, Wagg and van
der Heijden 2016)—sustainable agricultural production aims to
meet future food, feed and fibre demands with the given natural
resources and without adverse environmental impact or greater
land consumption. However, intensification of modern agricul-
tural practices over recent decades with the ultimate aim of
higher yields widely neglected environmental consequences—
in particular with respect to soils. This resulted in a number of
negative impacts such as reduced soil fertility and biodiversity,
accumulation of plant pathogens, environmental contamina-
tion with agrochemicals, or soil erosion jeopardizing soil health.
Soil health is defined as the capacity of a soil to function as a
vital living system to maintain environmental quality, sustain
biological productivity and promote health of various organisms
(Larkin 2015). In view of the limited arable land, we urgently need
to restore soil health, i.e. with appropriate farming practices in
order to ensure agricultural productivity for future generations.
Soil microorganisms are critical for soil-related ecosystem ser-
vices. Harnessing their huge untapped and largely unexplored
taxonomic and functional diversity and gaining a better mech-
anistic understanding of plant-microbe interactions under var-
ious agricultural management practices can open up new ways
to support an economically and environmentally-benign plant
production (Bakker et al. 2012; Bender, Wagg and van der Heij-
den 2016).

This was the motivation for the Julius Kiihn Institute
(KI, Germany) and the Instituto Nacional de Investigaciéon
Agropecuaria (INIA, Uruguay) to organize an international work-
shop from 14th to 16th November 2019 in Montevideo. South
America is one of the leading regions in the agricultural sec-
tor worldwide and exhibits a tremendous record in agricul-
tural research. The workshop was attended by fifty researchers
from South American and European countries and served as a
forum to inform each other about research projects, to exchange
ideas and define future research needs. Twenty-eight speak-
ers gave presentations across six sessions, covering aspects
as diverse as below/aboveground microbial-plant interactions,
microbiome-based optimization of farming practices, soil qual-
ity risk assessment, development of efficient plant probiotics,
and microbiome-based plant breeding approaches. Participants
took time out to visit the long-term field trials managed by INIA
at their Las Brujas experimental station. This Thematic Topic
on ‘Sustainable Agriculture through Managing Soil Microbiomes’

was compiled as a result of the workshop and includes nine-
teen research articles, three minireviews, one current opinion
and one perspective. The articles span a broad range of topics,
including various crop plants, soil ecosystems, geographic loca-
tions, and climatic conditions discussed by the attendees.

A prerequisite of enhancing selected indigenous beneficial
microorganisms for improved crop performance and soil health
is to understand the response of soil and plant-associated
microbiomes to various conventional and sustainable agricul-
tural management practices. In addition, it is essential to iden-
tify commonalities and site- or cultivar-dependent differences
in microbiomes. Simonin et al. (2020) identified the wheat rhi-
zosphere core microbiome across various African and Euro-
pean soils, conventional or organic cultivation and wheat geno-
types. Management type (organic vs. conventional) in combina-
tion with previous land use and plants’ stand age also shaped
the microbial community composition in shade coffee planta-
tions with implications for long-term soil fertility as revealed
by a study across nineteen individual farms in Nicaragua (Jur-
burg, Shek and McGuire 2020). Garaycochea et al. (2020) investi-
gated soil prokaryotic communities of five soils typical of the
Uruguayan Campos biome, one of the most fertile and bio-
logically diverse natural grasslands in South America. Another
vulnerable habitat is the Amazon rainforest which is threat-
ened by increasing deforestation. Pedrinho et al. (2020) com-
bined metagenomic sequencing with quantitative real-time PCR
to reveal that the effect of the conversion of rainforest to pas-
ture on nitrogen-related microbial groups and functions can be
reversed by reestablishment of forest growth. The rhizosphere
microbiota of rice was shown to be affected by water man-
agement (lowland vs. upland) but independent of plant devel-
opmental stage with consistent shifts in putative saprotrophs,
pathogens and beneficials (Chialva et al. 2020). In commercial
apple production, soils often show the problem of apple replant
disease (ARD) with unknown etiology and few ecological man-
agement options. By growing a susceptible apple rootstock in
split-root set-ups, Balbin-Sudrez et al. (2020) and Balbin-Suarez
et al. (2021) revealed that ARD is a local, non-spreading soil phe-
nomenon linked to microbial dysbiosis along the soil-root con-
tinuum when compared to healthy soils.

Neal et al. (2021) demonstrated that the source of phosphate
fertilization (rock phosphate vs. triple superphosphate) exerted
a minor role for phosphohydrolase gene abundance and diver-
sity in the rhizosphere when compared to the crop type which
adds to the knowledge base of alternative phosphorus fertilizers.
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Gabbarini et al. (2021) studied the response dynamics of differ-
ent biotic and abiotic parameters in soils under long-term con-
ventional or no tillage practice to the switched management.
Conservation practices (e.g. cover crops, crop rotation, reduced
tillage, organic fertilization) were shown to have the potential to
restore soil quality by recovering physical, chemical and biolog-
ical parameters in degraded South American soils under long-
term conventional soybean (Fernandez-Gnecco et al. 2021), com-
mon bean (Aban et al. 2021), or intensive vegetable production
(Cerecetto et al. 2021). Long-term farming practices can result in
a soil biotic legacy modulating the rhizosphere microbiome and
affecting the performance of the model plant lettuce via altered
plant-microbial interactions in the rhizosphere (Babin et al.
2021). For instance, bacterial N-acyl homoserine lactones (AHLSs)
are a group of molecules that mediate inter-kingdom interac-
tions. Shrestha & Schikora (2020) elucidated the mechanism of
plant priming via AHLs for enhanced resistance, yield and tol-
erance towards (a)biotic stresses and its potential to reduce fer-
tilizer and pesticide inputs. Evidence for the effect of the barley
rhizosphere microbiome on the plant defense response towards
Blumeria graminis was given by Bziuk et al. (2021) when compar-
ing differently managed agricultural to potting soils.

Besides molecular techniques, isolation of bacteria coupled
with functional screenings allows for phenotypic characteri-
zation. Elsayed, Grosch and Smalla (2021) demonstrated using
cultivation-dependent techniques that the potato plant sphere,
and to a lesser extent the soil type, affected the diversity and
proportion of bacteria showing in vitro antagonistic activity
towards the soil-borne pathogen Ralstonia solanacearum. Another
study described that long-term nitrogen fertilization in soils
under maize monoculture resulted in fewer actinomycetes with
in vitro inhibitory capacities towards other actinomycetes com-
pared to non-fertilized soils while crop residue incorporation
showed no effect (Gieske and Kinkel 2020).

As an alternative to the management-dependent support of
the indigenous microbiome, the external manipulation by inoc-
ulation of soils or plants with beneficial microbial strains or
multi-species consortia holds great promise for an enhanced
sustainable agriculture. Since plants interact with a multi-
tude of microbes at their roots, Tsiknia et al. (2021) empha-
sized the need for proceeding from pairwise interaction stud-
ies to an understanding of multi-species relationships of the
plant-microbiome-soil continuum, in this case with a special
focus on legume roots. The work of Heijo et al. (2021) added
to the understanding of plant-endophyte interactions in agro-
ecosystems by investigating the effect of diazotrophic bacterial
endophyte inoculation on sweet sorghum performance depend-
ing on nitrogen fertilization doses and the sorghum cultivar.
Figueiredo dos Santos et al. (2021) showed that maize seed-
borne bacteria are crucial for germination and development
of maize seedlings. Combining in vitro functional screening for
plant growth promotion with whole genome sequencing pro-
vided new insights into the mechanisms of two tropical Bacillus
inoculant strains on different maize genotypes (Vieira Velloso
et al. 2020). In view of the intensive rice and wheat cultivation in
the Indo-Gangetic Plains jeopardizing soil quality, Sarkar & Rak-
shit (2020) promoted the application of microbial delivery sys-
tems i.e. bioaugmentation to enable bioremediation of polluted
sites and/or bio-priming with bio-inoculants in order to stim-
ulate plant growth and reduce the requirement for agrochemi-
cal use. Microbiome-based approaches can also be important for
improving fruit/vegetable production as well as for the biologi-
cal control of postharvest and storage pathogens (Kusstatscher
et al. 2020). As a follow-up of the miCROPe 2019 symposium,

Hohmann, Schlaeppi and Sessitsch (2020) summarized research
needs for a successful implementation of microbe-assisted cul-
tivation approaches with focus on the management of plant
genetics or of the microbiome via single or combined strain inoc-
ulation.

We strongly agree with the authors that microbiome-assisted
agriculture offers a promising new toolkit. As a result of this The-
matic Topic, FEMS Microbiology Ecology organized a webinar (ht
tps://www.youtube.com/watch?v=2YOqgB-03Jnc) with Gabriele
Berg, Rodrigo Mendes and Doreen Babin on the current agri-
cultural microbiome research. The high number of participants
of the webinar as well as of the numerous contributions to
this Thematic Topic showed the huge interest of the scientific
community. As a next step, mechanistic understandings under
consideration of various environmental conditions should be
brought into focus to improve efficiencies and stability of biolog-
ical solutions. Application of new analytical methods and multi-
disciplinary approaches is essential. We should aim at develop-
ing models to predict the response and functioning of the soil-
microbiome-plant system and to fine-tune measures in a tar-
geted way. Finally, we strongly encourage scientists to dissem-
inate their knowledge to stakeholders, policy makers, and the
public to promote the acceptance of microbial solutions.
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