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I microorganismi si trovano ovunque 
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Una visione simbiotica della vita: il concetto di 
OLOBIONTE

Ø Tutti i MACRO-ORGANISMI che popolano il nostro pianeta esistono 
come OLOBIONTI

Ø L’ OLOBIONTE è il termine usato per riferirsi all'ospite unitamente ai 
microrganismi associati che compongono il suo microbioma

3Modificato da: Orozco-Mosqueda et al., 2018. Microbiol. Res. 1016:25
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Orozco-Mosqueda et al. Microbiol Res. 2018;208:25-31.             Berg et al. Microbiome 8, 103 (2020)
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Il concetto di ONE HEALTH
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d) promoting researcher careers, training and mobility and the development of skills 
in the different microbiome domains; and 

e) exchanging knowledge across the scientific and political community and ensuring 
the efficient use of the available resources, while advocating public understanding of the 
value of microbiomes for the health of the planet and all the humans, plants and animals 
that live on it.  

 
 
2. Introduction 
 
Complex microbial ecosystems, collectively referred to as microbiomes, inhabit and 

interact with living organisms and have co-evolved a range of symbiotic relationships with 
them, including mutualism, with ultimate beneficial outcomes for the host.  

Due to their astonishing metabolic potential, microbiomes have a key role in human, 
plant, animal and, ultimately, planetary health, and occupy a central position in the “One 
Health” framework, contributing to a new integrated perspective of the health of living 
organisms (Figure 1). 

 

 
 
Figure 1. The One Health framework offers a new integrated view of how 

microbiomes contribute to human, animal and plant health. 
 
The microbial ecosystem most explored to date is undoubtedly the microbiome of the 

human gut. The microbes in our gastrointestinal tract are ten-fold more numerous than all 
the cells that make up the human body (Figure 2) and include components from all three 
domains of life, i.e. Bacteria, Archaea and Eukarya, and their viruses.  
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Il cambiamento di paradigma dei microrganismi
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• Effetti evolutivi del 
microbioma
sull'evoluzione animale 
e vegetale

• I microrganismi: da 
singole cellule che 
causano malattie alle 
comunità di 
microrganismi che 
instaurano interazioni 
microbiche e interazioni 
con l’ospite

Mercado-Blanco J, Abrantes I, Barra Caracciolo A, Bevivino A, 
Ciancio A, Grenni P, Hrynkiewicz K, Kredics L and Proença DN 
(2018) Front. Microbiol. 9:1006. doi: 10.3389/fmicb.2018.01006



L’EVOLUZIONE DELL’OLOBIONTE: approccio olistico

6Berg et al. Microbiome 8, 103 (2020)



IL MICROBIOMA

7Berg, G., Rybakova, D., Fischer, D. et al. Microbiome definition re-visited: old concepts and new 
challenges. Microbiome 8, 103 (2020). https://doi.org/10.1186/s40168-020-00875-0



Il suolo: una terra piena di vita

Il suolo rappresenta lo strato più esterno della crosta terrestre formato 
da particelle minerali, materia organica, acqua, aria e organismi viventi
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Il suolo nasconde un numero 
straordinario di forme di vita, 
un’intricata rete di interazioni 
che coinvolge un’enorme 
quantità di biomassa vivente.

In pochi grammi di suolo fertile 
sono presenti miliardi di 
organismi viventi: ife fungine, 
protozoi, nematodi, insetti, 
aracnidi, vermi e centinaia di 
metri di radici di piante. 
.

Land Management & Natural Hazards Unit Unità per la Gestione del Territorio e i Rischi Naturali
SOIL http://eusoils.jrc.ec.europa.eu SUOLO

Il SUOLO E’ VIVO!

UNA MANCIATA DI TERRA
E’

 

PIENA DI VITA!

In una manciata di terra (100 g) possiamo trovare un mondo di organismi viventi, 
la maggior parte dei quali a noi sconosciuti. L’esistenza di questo “mondo 
misterioso”

 

risulta essenziale per la vita e deve essere protetta.
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I MICRORGANISMI DEL SUOLO
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Il suolo contiene più di 1000 Kg di
biomassa microbica per ettaro

Comprende un'ampia gamma di
diversi habitat microbici

Soil biogeochemical processes modulated by microbiome

(Fierer, 2017. Nature Microbiol. doi:10.1038/nrmicro.2017.87)

Faculty of Science and Technology, Free University of Bolzano, Italy
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LA METAGENOMICA PER LO STUDIO DEL MICROBIOMA
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Dal microbioma del suolo al microbioma vegetale

11Position paper, Italian microbiome initiative for improved human health and agri- food production, 
Comitato Nazionale per la Biosicurezza, le Biotecnologie e le Scienze per la Vita; 2019
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attention to sustainable solutions that adopt microbial-based fertilizing, N-fixing Rhizobia 
(Mathu et al., 2012), plant growth-promoting, plant bio-conditioning and biocontrol 
products (Bashan et al., Plant Soil 2014; Bashan et al., Biol Fertil Soils 2016). This interest 
is markedly supported by the ongoing growth of organic farming in Europe and worldwide. 
Despite recent concerns on the economic sustainability of organic farming and its impact 
on forestry and biodiversity (Seufert et al., Nature, 2012), this market grew to 29.8 billion 
euros in Europe in 2015, an increase of 13% over the previous year. Italy is one of the ten 
largest world producers of organic products and has the second largest surface area 
dedicated to organic farming in Europe, after Spain. In 2016, the Italian organic farming 
surface area increased by 20% over 2015, amounting to 3.5% of the total world organic 
farming surface area (1.8 M hectares), while 14.5% of the Italian surface was devoted to 
agriculture (CREA, 2017 https://www.crea.gov.it/wp-content/uploads/2017/03/Itaconta-
2016-x-WEB.pdf?x99213).  

In this context, microbiome studies may provide new insights that improve the 
productivity of organic farming and overcome its limitations through the use of eco-
compatible solutions (e.g. microbial-based fertilizers, plant growth-promoting bacteria, 
plant bio-conditioning and biocontrol products).  

 
Microbiome relevance in terrestrial primary production. The soil/rhizosphere 

microbiome mediates the cycle of carbon and other nutrients, affects the maintenance of 
soil fertility and soil carbon sequestration and sustains plant growth (Figure 8).  

 
 

 
 
Figure 8. The plant microbiome can be described as the sum total of the genomic 

contribution made by the diverse microbial communities that inhabit the surface and 
internal tissues of the plant parts. The microbial communities are mainly found in the 
rhizosphere, endosphere and phyllosphere. The soil microbiome is the main source from 
which the plant selects and builds its microbiome profile. 

Le comunità microbiche svolgono un ruolo fondamentale nel funzionamento delle 
piante influenzandone la fisiologia e lo sviluppo.



Come possiamo incrementare la produttività delle
colture agrarie e salvaguardare la fertilità del suolo?

12Complex interactions determining plant phenotype and traits. Compant et al., 2019 J Adv Res  
19:29-37

IL MICROBIOMA E’ UNA SOLUZIONE

Comprendere la diversità e la 
funzione del microbioma suolo-
radice per scoprire nuovi microbi 
che possono essere utilizzati come 
biofertilizzanti e biopesticidi
Promuovere le associazioni 
pianta-microrganismi attraverso 
lo sviluppo e l'ottimizzazione di 
inoculi microbici
Migliorare la diversità e la funzione 
benefica del microbioma del suolo 
attraverso l'ottimizzazione dei 
metodi di gestione del suolo
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Ø Valorizzare la biodiversità microbica del suolo e della rizosfera favorirà la
transizione agroecologica dell’agricoltura verso sistemi che salvaguardano
il suolo e forniscono diete sane e sostenibili, in grado di conciliare i bisogni
umani con la salute del Pianeta.

LA BIODIVERSITA’ MICROBICA PER UN SUOLO FERTILE E IN SALUTE

© Unione europea, 2021

In ottica di agricoltura sostenibile la sfida 

più importante è salvaguardare la 

biodiversità e fertilità del suolo, e 

proteggere le piante dalle sostanze 

chimiche



Le potenzialità del microbioma per una nuova
rivoluzione agricola
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enhance long-term ecosystem stability given the future global change conditions [12]. In
particular, soil microbes are the main organisms that sustain plant biomass production and
plant health [14,15]. Several studies have shown that both direct and indirect manipulation
of plant root and soil microbial communities appear to be a propitious strategy to enhance
food crop yield, its nutritional quality and safety with beneficial effects for human and
environmental health [16,17].

However, we ought to bear in mind the complexity of the relationships between
biodiversity, services and functions that support ecosystems well, as these are still poorly
understood. In general, there is evidence that soils with greater levels of biodiversity are
more resistant to environmental disturbances and are consequently more resilient than
the ones with reduced levels of biodiversity [18]. In addition, some processes that provide
ecosystem functions are carried out by a greater number of species or groups of organisms
(e.g. organic matter degradation), whereas other processes involve fewer species or groups
of organisms (e.g. atmospheric nitrogen fixation) and so are more easily compromised
by ecological disturbances [19]. Functional diversity may therefore be deemed a more
appropriate way to consider the biotic status of soils than biodiversity per se [20].

In this regard, microbial communities offer a great potential to assess the functional
biodiversity in soils because they are ubiquitous, are actively involved in biological func-
tioning and ecosystem services provisioning, and are highly sensitive to environmental
changes in terms of modifications in biomass, structure/diversity and activity [21–23].
The development of new molecular approaches called -Omics have recently allowed the
characterization of the overall microbial genetic and functional diversity through the high
throughput analysis of DNAs (genomics), RNAs (transcriptomics), proteins (proteomics),
enzymes activities (enzymomics) or metabolites (metabolomics) [21].

This review paper aims to investigate the role and management of soil microbial di-
versity in sustaining the production of high-quality, safe food through -Omics approaches
(Figure 1). It includes (i) discussion of the potential of high-throughput molecular tech-
niques to evaluate genomic and functional soil microbial diversity (Section 2), (ii) analysis
of the use of integrated management of soil microbial diversity to sustain crops productivity
(Section 3), (iii) review of the current evidence on the links between soil microbial diversity,
and food quality and safety (Section 4), and (iv) new insight into the relations between soil,
plant, and human health (Section 5).

Figure 1. Both targeted and untargeted management of soil microbial diversity in the sustainable
improvement of plant health, food crop yield, its nutritional quality and safety. The development of
high-throughput technologies, called -Omics, applied to the study of soil microbial functional diversity
will help strengthen the link between soil well-being, food quality, food safety and human health.

Fig. 1 Management della diversità microbica del suolo per il miglioramento sostenibile della salute delle piante, della resa delle colture alimentari, della qualità
e sicurezza alimentare. Bertola et al. Improvement of Soil Microbial Diversity through Sustainable Agricultural Practices and Its Evaluation by -Omics
Approaches: A Perspective for the Environment, Food Quality and Human Safety. Microorganisms 2021, 9, 1400.



Agricoltura di precisione – Medicina personalizata
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Come possiamo incrementare la produttività delle
colture e salvaguardare la fertilità del suolo?
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A questo obiettivo possiamo giungere anche con la manipolazione della
rizosfera, così da favorire i microrganismi e i consorzi microbici che
naturalmente tendono a proliferare in tale nicchia ecologica del suolo.

Complex interactions determining plant phenotype and traits. Compant et al., 2019 J Adv Res  19:29-37



Come possiamo incrementare la produttività delle
colture e salvaguardare la fertilità del suolo?

17

Capire e sfruttare al meglio come le piante ed i microrganismi convivono e
cooperano tra loro per aumentare la produttività vegetale, senza danneggiare
l’ambiente e diminuire la biodiversità globale è sicuramente la sfida più
importante del futuro.

Complex interactions determining plant phenotype and traits. Compant et al., 2019 J Adv Res  19:29-37



Come scegliere un efficiente inoculo? 
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L’impiego di biofertilizzanti a base microbica costituisce una strategia di supporto per la 
gestione sostenibile dell’agricoltura che porta alla riduzione delle sostanze chimiche in 
agricoltura. 

10

«consorzi microbici» significa 
non solo convivenza, ma anche 
divisione del lavoro, che porta a 
una maggiore efficienza e 
produttività della comunità 
microbica.
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SIMBA, Festival dello Sviluppo Sostenibile, lunedì 11 ottobre 2021



Il progetto SIMBA: Sustainable Innovation of Microbiome
Applications in Food System

19

Migliorare produttività, qualità e sostenibilità delle catene alimentari utilizzando il 
microbioma, e al contempo diminuire l’impatto ambientale usando in maniera 
efficiente le risorse naturali, è uno degli obiettivi del progetto Horizon 2020 SIMBA.

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 818431 (SIMBA). This output reflects only the author’s view and
the Research Executive Agency (REA) cannot be held responsible for any use that may be made of the
information contained therein.

www.simbaproject.eu@SIMBAproject_EU

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 818431 (SIMBA). This output reflects only the author’s view and
the Research Executive Agency (REA) cannot be held responsible for any use that may be made of the
information contained therein.

www.simbaproject.eu@SIMBAproject_EU
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the Research Executive Agency (REA) cannot be held responsible for any use that may be made of the
information contained therein.

www.simbaproject.eu@SIMBAproject_EUThis project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 818431 (SIMBA). This output reflects only the author’s view and
the Research Executive Agency (REA) cannot be held responsible for any use that may be made of the
information contained therein.

www.simbaproject.eu@SIMBAproject_EU

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 818431 (SIMBA). This output reflects only the author’s view and
the Research Executive Agency (REA) cannot be held responsible for any use that may be made of the
information contained therein.

www.simbaproject.eu@SIMBAproject_EU

Il progetto SIMBA

Link: https://vimeo.com/539607004



Il progetto SIMBA: Sustainable Innovation of Microbiome
Applications in Food System
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T2.2	 Evaluation	of	PGPMs	effect	on	plant	
performance	in	pot	experiments		

T2.3	

T2.4	

T2.1	 Design,	formulation	and	optimization	of	
effective	microbial	consortia	inoculants		

PGPMs	efficacy	field	testing	with	respect	
to	crop	productivity	and	plant	health		

Protocols	for	PGPMs	field	application	

maize					wheat	 tomato			potato	

WP1	
WP3	

WP4	
WP6	

WP4	

WP7	

WP1	

WP2 – Improvement of PGPMs
field applications efficacy and 
reproducibility

In pieno campo numerosi fattori biotici e abiotici contribuiscono ad ostacolare 
l’azione dei  microrganismi benefici, limitando l’efficacia e la riproducibilità degli effetti 
della loro applicazione in agricoltura (Bevivino, 2020).

Bevivino, A. Field Microbial Application to Foster Food Quality and Safety. Available online: http://simbaproject.eu/field-
microbial-application-to-foster-food-quality-and-safety/ (accessed on 5 June 2020).
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Scopo del lavoro
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Dal laboratorio al campo: identificazione di microorganismi promotori della
crescita per la definizione di consorzi microbici da impiegare quali probiotici
di coltivazioni in pieno campo in Italia e in Germania.

GRANO              MAIS                 PATATA         POMODORO

Consorzi microbici sintetici multifunzionali, assemblati sulla base della compatibilità
in vitro dei singoli componenti, sono stati realizzati allo scopo di aumentare la resa e
migliorare la qualità della produzione di alcune colture agricole attraverso l’azione
sinergica dei microrganismi coinvolti e la stabilizzazione dell’efficacia e della
riproducibilità della loro applicazione in pieno campo

Il microbiota del suolo e l’olobionte al centro della sostenibilità della produzione alimentare: il progetto 
SIMBA, Festival dello Sviluppo Sostenibile, lunedì 11 ottobre 2021



Selezione dei PGPMs: approccio bottom-up
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Tabacchioni…Brunori, A.; Bevivino, A. Identification of Beneficial Microbial Consortia and Bioactive Compounds with 
Potential as Plant Biostimulants for a Sustainable Agriculture. Microorganisms 2021, 9, 426. 



Analisi compatibilità in vitro
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Table 3. Pairwise compatibility among microorganisms using the modified agar diffusion method in on NA plates. 
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A. radiobacter AR39                         
A. brasilense ATCC 29710 +                        

A. brasilense NCCB 78036 + +                       

A. chroococcum DSM 2286 - - -                      

A. chroococcum LS132 + + + -                     

A. chroococcum LS136 + + + - +                    

A. vinelandii DSM 2289 + + + - + +                   

Bacillus spp. BV84 + - + + + + +                  

B. amyloliquefaciens BA41 + - + + + + + +                 

B. amyloliquefaciens LMG 9814 + nc + - + + + + +                

B. licheniformis PS141 + + + - + + + - - -               

B. pumilus LMG 24415 + + + + + + + - - - -              

B. subtilis LMG 23370 + + + + + + + - - - + -             

B. subtilis LMG 24418 + + + + + + + - - - + - -            

B. ambifaria LMG11351 + + + - + + + + + + + + + -           

B. ambifaria MCI7 + - + - + + + + + + + + + + +          

K. pastoris PP59 + + + - + + + + + + + + + + + nc +        

P. tropica MDIIIAzo225 + + + - + + + + + nc + + nc + + + + +       

Pseudomonas sp. PN53 + + + + + + - - + + + + + + + + + + +      

P. fluorescens DR54 + + + - + + + + + + + + + + + + + + + nc     

P. granadensis A23/T3c + + + - + + + + + + + + + - + + + + + + +    

R. aquatilis BB23/T4d + + + - + + + + + + + + + + + + + + + + + +   

R. terrigena FS152 + + + - + + + + + + + + + + + + + + + + + + +  

+: compatible; -: incompatible; nc: not clear. 

 



Consorzi microbici sintetici (SynComm)
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Consorzi 
microbici 

Microrganismi

A Azotobacter chrococcum LS132
Bacillus licheniformis PS141
Komagataella pastoris PP59 
Pseudomonas granadensis A23/T3c
Paraburkholderia tropica MDIIIAzo2225
Trichoderma harzianum TH01

B Azotobacter vinelandii DSM 2289 
Bacillus amyloliquefaciens LMG 9814
Bacillus sp. BV84
Pseudomonas fluorescens DR54
Rahnella aquatilis BB23/T4d

C Azotobacter chrococcum LS132
Bacillus amyloliquefaciens LMG 9814
Burkholderia ambifaria MCI7 
Rahnella aquatilis BB23/T4d
Pseudomonas fluorescens DR54

Tre consorzi microbici
miltifunzionali, (MC_A, 
MC_B e MC_C)

• fosfato solubilizzatori
• azoto fissatori
• PGPR
• agenti di biocontrollo
• produttori di auxine e 

altri fitormoni
• batteri amilolitici

Il microbiota del suolo e l’olobionte al centro della sostenibilità della produzione alimentare: il progetto 
SIMBA, Festival dello Sviluppo Sostenibile, lunedì 11 ottobre 2021
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Abstract: The use of seaweed-based bioproducts has been gaining momentum in crop production
systems owing to their unique bioactive components and effects. They have phytostimulatory
properties that result in increased plant growth and yield parameters in several important crop plants.
They have phytoelicitor activity as their components evoke defense responses in plants that contribute
to resistance to several pests, diseases, and abiotic stresses including drought, salinity, and cold.
This is often linked to the upregulation of important defense-related genes and pathways in the plant
system, priming the plant defenses against future attacks. They also evoke phytohormonal responses
due to their specific components and interaction with plant growth regulation. Treatment by seaweed
extracts and products also causes significant changes in the microbiome components of soil and plant
in support of sustainable plant growth. Seaweed extracts contain a plethora of substances which
are mostly organic, but trace levels of inorganic nutrient elements are also present. Fractionation of
seaweed extracts into their components and their respective bioassays, however, has not yielded
favorable growth effects. Only the whole seaweed extracts have been consistently proven to be very
effective, which highlights the role of multiple components and their complex interactive effects
on plant growth processes. Since seaweed extracts are highly organic, they are ideally suited for
organic farming and environmentally sensitive crop production. They are also very compatible
with other crop inputs, paving the way for an integrated management approach geared towards
sustainability. The current review discusses the growth and functional effects evoked by seaweed
extracts and their modes and mechanisms of action in crop plants which are responsible for elicitor
and phytostimulatory activities. The review further analyses the potential value of seaweed extracts
in integrated crop management systems towards sustainable crop production.

Keywords: seaweed extracts; phytoelicitor components; phytostimulation; stress tolerance; mecha-
nisms of action; organic inputs; sustainable agriculture

1. Introduction

Research efforts have been undertaken over decades to find various workable organic
agricultural inputs that are not only beneficial to humans but also remain sustainable
towards the environment. With the onset of climate change, pesticide resistance, and the
continuous loss of land due to overgrowing populations, the need for new innovative
agricultural practices is paramount more than ever.

The term biostimulants refers to substances of biological origin or microorganisms
which, when applied to plants either via root drench, foliar spray, or a combination of
both, is intended to stimulate natural processes in the plant that is responsible for efficient
plant nutrient use efficiency and growth processes and/or an increase in the tolerance
to abiotic and biotic stress, irrespective of the plant-beneficial nutrient content of the
substances [1,2]. Algal extracts are biostimulants rather than fertilizers since they stimulate
defense and growth response when applied to the plant. Furthermore, the profiles of algal
extracts have not been shown to naturally contain fertilizer compounds at the level to

Plants 2021, 10, 531. https://doi.org/10.3390/plants10030531 https://www.mdpi.com/journal/plants

plants

Review

Biostimulant Properties of Seaweed Extracts in Plants:

Implications towards Sustainable Crop Production

Omar Ali , Adesh Ramsubhag and Jayaraj Jayaraman *

!"#!$%&'(!
!"#$%&'

Citation: Ali, O.; Ramsubhag, A.;

Jayaraman, J. Biostimulant Properties

of Seaweed Extracts in Plants:

Implications towards Sustainable

Crop Production. Plants 2021, 10, 531.

https://doi.org/10.3390/

plants10030531

Academic Editor: Filippo Maggi

Received: 24 December 2020

Accepted: 23 January 2021

Published: 12 March 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Department of Life Sciences, Faculty of Science and Technology, The University of the West Indies, St. Augustine,
Trinidad and Tobago; omarali0418@gmail.com (O.A.); Adesh.Ramsubhag@gmail.com (A.R.)
* Correspondence: Jayaraj.Jayaraman@sta.uwi.edu; Tel.: +868-662-2002 (ext. 85244)

Abstract: The use of seaweed-based bioproducts has been gaining momentum in crop production
systems owing to their unique bioactive components and effects. They have phytostimulatory
properties that result in increased plant growth and yield parameters in several important crop plants.
They have phytoelicitor activity as their components evoke defense responses in plants that contribute
to resistance to several pests, diseases, and abiotic stresses including drought, salinity, and cold.
This is often linked to the upregulation of important defense-related genes and pathways in the plant
system, priming the plant defenses against future attacks. They also evoke phytohormonal responses
due to their specific components and interaction with plant growth regulation. Treatment by seaweed
extracts and products also causes significant changes in the microbiome components of soil and plant
in support of sustainable plant growth. Seaweed extracts contain a plethora of substances which
are mostly organic, but trace levels of inorganic nutrient elements are also present. Fractionation of
seaweed extracts into their components and their respective bioassays, however, has not yielded
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continuous loss of land due to overgrowing populations, the need for new innovative
agricultural practices is paramount more than ever.

The term biostimulants refers to substances of biological origin or microorganisms
which, when applied to plants either via root drench, foliar spray, or a combination of
both, is intended to stimulate natural processes in the plant that is responsible for efficient
plant nutrient use efficiency and growth processes and/or an increase in the tolerance
to abiotic and biotic stress, irrespective of the plant-beneficial nutrient content of the
substances [1,2]. Algal extracts are biostimulants rather than fertilizers since they stimulate
defense and growth response when applied to the plant. Furthermore, the profiles of algal
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Azione PGP dei consorzi microbici in serra
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• I risultati hanno rivelato che, a seconda delle cultivar e delle condizioni della serra, i
consorzi microbici, applicati da soli o in combinazione con biochar e / o funghi
micorrizici arbuscolari, si sono dimostrati in grado di esercitare un effetto positivo
sulla crescita delle piante. 
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INTRODUCTION
Soil microbial applications are a supportive strategy for sustainable agricultural management intended to foster the
reduction of chemical inputs and increase the overall plant performance (Bevivino 2020). The use of beneficial microbes
for improving plant growth and yield, and increasing plant resistance to pathogens as well as biotic and abiotic stress, represents a
promising tool that may provide a response to the new challenges of modern agriculture (Woo and Pepe, 2018). Nevertheless, under
field conditions various biotic and abiotic constraints often hinder a plant growth-promoting e!ect limiting the successful use of
Plant Growth Promoting Microbes (PGPMs) in agriculture. The limited reproducibility of beneficial microbial effects and the
necessary conditions remain a considerable challenge for a successful use of PGPMs in agriculture. To counteract the issue of
uncertain and limited field efficacy a potential strategy is offered by the adoption of multifunctional microbial consortia which
include several beneficial species, e.g. arbuscular mycorrhiza fungi (AMF), Pseudomonas spp., Bacillus spp., Azospirillum
spp., Azotobacter spp. or Trichoderma spp., taking advantage of stable synergistic effects and increased flexibility of responses
under different environmental conditions. 

In the present work, we employed well-designed multifunctional MC, selected starting from microorganisms with proven ability to
exert PGP effects, with the aim to either increase crop yield or sustain yields with reduced chemical inputs by optimizing the
efficacy of application both in Southern and Central Europe.

MATERIALS AND METHODS
Three microbial consortia named MC_A, MC_B and MC_C, composed by compatible PGPMs with different functions,
were identified through a bottom-up approach (Tabacchioni et al. 2021). Different crops, including dwarf clover, maize, tomato,
and wheat, grown either in greenhouse or under field conditions with different levels of fertilizers administration, were treated with
microbial consortia including bacteria and fungi characterized by different beneficial properties. Microbial consortia were applied
via seed coating or delivered as a powder, liquid suspension or incorporated in wood biochar, with or without arbuscular
mycorrhizal fungi (AMF). In field trials, microbial consortia were applied via seed inoculation followed by an additional liquid
application six weeks after sowing.

 

1. MAIN RESULTS FROM POT EXPERIMENTS
Effect of microbial consortia on plant vigour 

Microbial consortium A exhibited a positive influence on plant vigour of  wheat and tomato in non-sterile conditions.

Microbial consortium C positively affected the  wheat and tomato shoot vigour indices in both sterile and non-sterile soils.

Effect of microbial consortia on the growth of Trifolium nanum in presence or absence of Arbuscular
mycorrhizal fungi (AMF)

 

Microbial consortia A, B, and C, when applied in combination with AMF, exerted a positive impact on root and shoot dry
weight of Trifolium nanum (P<0.05).

Fig. 2 The effect of MC_A, MC_B and MC_C when applied alone or with AMF
(Rhizophagus intraradices) on roots and leaf dry weights of Trifolium nanum after one month of growth. 

 

Effect of microbial consortia on the maize growth 

Microbial consortia A, B and C when combined with CHAR and AMF showed a positive impact on shoots  (P<0.05). In
particular, the treatment Char_B_AMF led to a significant increase of the shoot dry biomass (%). 

Fig. 3 The effect of MC_B and  MC_C when applied with CHAR and AMF (Rhizophagus intraradices) on rshoot lenght

Effect of microbial consortia on the wheat growth 

Effect of microbial consortia on the tomato growth 

Experiments performed in macrocosm showed that microbial consortium B +AMF+
BIOCHAR caused a significant decrease of rotten tomato (P<0.05) suggesting a positive effect of the mixed inoculum on fruit
commercial quality.

 

 

 

 

 

2. FIELD RESULTS
MAIZE FIELD EXPERIMENTS IN GERMANY 

MC_C significantly increased shoot biomass production.

MC_C significantly increased the grain yield per cob at the low and medium fertilization stages. 

MAIZE FIELD EXPERIMENTS IN ITALY

On Maize (cv. DKC6587) the treatment with Biochar in combination with MC_C and the commercial consortium
Micosat determined a positive effect on chlorophyll content which is related with an increased availability of N for the plant.

A positive effect of the application of microbial consortia (MC_C) on soil
microbial activity and soil respiration which favours the assimilation of NO  and NH  from plants.
MC_C also caused a significant increase of mycorrhizaltype fingerprinting suggesting an overall positive effect on indigenous fungalcommunities.

CONCLUSIONS
 

MC_C favoured the wheat vigour in the tested experimental conditions 

Synergistic effect of microbial consortia and AMF was found  on root and leaf dry weights of Trifolium nanum. 

Microbial consortia (MC_A and MC_B) when applied with CHAR and AMF positively affected the maize shoot length.

Microbial consortia (MC_B and MC_C) have the potential to affect plant growth and grain yield of maize plants in the field.

Effects were more pronounced at lower soil nutrient/ fertilization levels.

Microbial consortium C could be used as potential bioinoculant to enhance maize growth and productivity.

Overall, our microbial consortia proved capable to act as ‘plant probiotics’ in view of a more environmentally friendly management
of crops, reducing the need for chemical inputs in agriculture, promoting soil fertility and improving plant health and productivity.

                     

•Characterisation of soil microbiome in relation to microbial consortia formulations in different abiotic and biotic conditions   

•Identification of
a spectrum of metagenomic biomarkers (taxa, SNPsand metabolic modules) that will be exploited as bioindicators of soil
quality and fertility
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particular, the treatment Char_B_AMF led to a significant increase of the shoot dry biomass (%). 

Fig. 3 The effect of MC_B and  MC_C when applied with CHAR and AMF (Rhizophagus intraradices) on rshoot lenght

Effect of microbial consortia on the wheat growth 

Effect of microbial consortia on the tomato growth 

Experiments performed in macrocosm showed that microbial consortium B +AMF+
BIOCHAR caused a significant decrease of rotten tomato (P<0.05) suggesting a positive effect of the mixed inoculum on fruit
commercial quality.

 

 

 

 

 

2. FIELD RESULTS
MAIZE FIELD EXPERIMENTS IN GERMANY 

MC_C significantly increased shoot biomass production.

MC_C significantly increased the grain yield per cob at the low and medium fertilization stages. 

MAIZE FIELD EXPERIMENTS IN ITALY

On Maize (cv. DKC6587) the treatment with Biochar in combination with MC_C and the commercial consortium
Micosat determined a positive effect on chlorophyll content which is related with an increased availability of N for the plant.

A positive effect of the application of microbial consortia (MC_C) on soil
microbial activity and soil respiration which favours the assimilation of NO  and NH  from plants.
MC_C also caused a significant increase of mycorrhizaltype fingerprinting suggesting an overall positive effect on indigenous fungalcommunities.

CONCLUSIONS
 

MC_C favoured the wheat vigour in the tested experimental conditions 

Synergistic effect of microbial consortia and AMF was found  on root and leaf dry weights of Trifolium nanum. 

Microbial consortia (MC_A and MC_B) when applied with CHAR and AMF positively affected the maize shoot length.

Microbial consortia (MC_B and MC_C) have the potential to affect plant growth and grain yield of maize plants in the field.

Effects were more pronounced at lower soil nutrient/ fertilization levels.

Microbial consortium C could be used as potential bioinoculant to enhance maize growth and productivity.

Overall, our microbial consortia proved capable to act as ‘plant probiotics’ in view of a more environmentally friendly management
of crops, reducing the need for chemical inputs in agriculture, promoting soil fertility and improving plant health and productivity.
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INTRODUCTION
Soil microbial applications are a supportive strategy for sustainable agricultural management intended to foster the
reduction of chemical inputs and increase the overall plant performance (Bevivino 2020). The use of beneficial microbes
for improving plant growth and yield, and increasing plant resistance to pathogens as well as biotic and abiotic stress, represents a
promising tool that may provide a response to the new challenges of modern agriculture (Woo and Pepe, 2018). Nevertheless, under
field conditions various biotic and abiotic constraints often hinder a plant growth-promoting e!ect limiting the successful use of
Plant Growth Promoting Microbes (PGPMs) in agriculture. The limited reproducibility of beneficial microbial effects and the
necessary conditions remain a considerable challenge for a successful use of PGPMs in agriculture. To counteract the issue of
uncertain and limited field efficacy a potential strategy is offered by the adoption of multifunctional microbial consortia which
include several beneficial species, e.g. arbuscular mycorrhiza fungi (AMF), Pseudomonas spp., Bacillus spp., Azospirillum
spp., Azotobacter spp. or Trichoderma spp., taking advantage of stable synergistic effects and increased flexibility of responses
under different environmental conditions. 

In the present work, we employed well-designed multifunctional MC, selected starting from microorganisms with proven ability to
exert PGP effects, with the aim to either increase crop yield or sustain yields with reduced chemical inputs by optimizing the
efficacy of application both in Southern and Central Europe.

MATERIALS AND METHODS
Three microbial consortia named MC_A, MC_B and MC_C, composed by compatible PGPMs with different functions,
were identified through a bottom-up approach (Tabacchioni et al. 2021). Different crops, including dwarf clover, maize, tomato,
and wheat, grown either in greenhouse or under field conditions with different levels of fertilizers administration, were treated with
microbial consortia including bacteria and fungi characterized by different beneficial properties. Microbial consortia were applied
via seed coating or delivered as a powder, liquid suspension or incorporated in wood biochar, with or without arbuscular
mycorrhizal fungi (AMF). In field trials, microbial consortia were applied via seed inoculation followed by an additional liquid
application six weeks after sowing.

 

1. MAIN RESULTS FROM POT EXPERIMENTS
Effect of microbial consortia on plant vigour 

Microbial consortium A exhibited a positive influence on plant vigour of  wheat and tomato in non-sterile conditions.

Microbial consortium C positively affected the  wheat and tomato shoot vigour indices in both sterile and non-sterile soils.

Effect of microbial consortia on the growth of Trifolium nanum in presence or absence of Arbuscular
mycorrhizal fungi (AMF)

 

Microbial consortia A, B, and C, when applied in combination with AMF, exerted a positive impact on root and shoot dry
weight of Trifolium nanum (P<0.05).

Fig. 2 The effect of MC_A, MC_B and MC_C when applied alone or with AMF
(Rhizophagus intraradices) on roots and leaf dry weights of Trifolium nanum after one month of growth. 

 

Effect of microbial consortia on the maize growth 

Microbial consortia A, B and C when combined with CHAR and AMF showed a positive impact on shoots  (P<0.05). In
particular, the treatment Char_B_AMF led to a significant increase of the shoot dry biomass (%). 

Fig. 3 The effect of MC_B and  MC_C when applied with CHAR and AMF (Rhizophagus intraradices) on rshoot lenght

Effect of microbial consortia on the wheat growth 

Effect of microbial consortia on the tomato growth 

Experiments performed in macrocosm showed that microbial consortium B +AMF+
BIOCHAR caused a significant decrease of rotten tomato (P<0.05) suggesting a positive effect of the mixed inoculum on fruit
commercial quality.

 

 

 

 

 

2. FIELD RESULTS
MAIZE FIELD EXPERIMENTS IN GERMANY 

MC_C significantly increased shoot biomass production.

MC_C significantly increased the grain yield per cob at the low and medium fertilization stages. 

MAIZE FIELD EXPERIMENTS IN ITALY

On Maize (cv. DKC6587) the treatment with Biochar in combination with MC_C and the commercial consortium
Micosat determined a positive effect on chlorophyll content which is related with an increased availability of N for the plant.

A positive effect of the application of microbial consortia (MC_C) on soil
microbial activity and soil respiration which favours the assimilation of NO  and NH  from plants.
MC_C also caused a significant increase of mycorrhizaltype fingerprinting suggesting an overall positive effect on indigenous fungalcommunities.

CONCLUSIONS
 

MC_C favoured the wheat vigour in the tested experimental conditions 

Synergistic effect of microbial consortia and AMF was found  on root and leaf dry weights of Trifolium nanum. 

Microbial consortia (MC_A and MC_B) when applied with CHAR and AMF positively affected the maize shoot length.

Microbial consortia (MC_B and MC_C) have the potential to affect plant growth and grain yield of maize plants in the field.

Effects were more pronounced at lower soil nutrient/ fertilization levels.

Microbial consortium C could be used as potential bioinoculant to enhance maize growth and productivity.

Overall, our microbial consortia proved capable to act as ‘plant probiotics’ in view of a more environmentally friendly management
of crops, reducing the need for chemical inputs in agriculture, promoting soil fertility and improving plant health and productivity.
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INTRODUCTION
Soil microbial applications are a supportive strategy for sustainable agricultural management intended to foster the
reduction of chemical inputs and increase the overall plant performance (Bevivino 2020). The use of beneficial microbes
for improving plant growth and yield, and increasing plant resistance to pathogens as well as biotic and abiotic stress, represents a
promising tool that may provide a response to the new challenges of modern agriculture (Woo and Pepe, 2018). Nevertheless, under
field conditions various biotic and abiotic constraints often hinder a plant growth-promoting e!ect limiting the successful use of
Plant Growth Promoting Microbes (PGPMs) in agriculture. The limited reproducibility of beneficial microbial effects and the
necessary conditions remain a considerable challenge for a successful use of PGPMs in agriculture. To counteract the issue of
uncertain and limited field efficacy a potential strategy is offered by the adoption of multifunctional microbial consortia which
include several beneficial species, e.g. arbuscular mycorrhiza fungi (AMF), Pseudomonas spp., Bacillus spp., Azospirillum
spp., Azotobacter spp. or Trichoderma spp., taking advantage of stable synergistic effects and increased flexibility of responses
under different environmental conditions. 

In the present work, we employed well-designed multifunctional MC, selected starting from microorganisms with proven ability to
exert PGP effects, with the aim to either increase crop yield or sustain yields with reduced chemical inputs by optimizing the
efficacy of application both in Southern and Central Europe.

MATERIALS AND METHODS
Three microbial consortia named MC_A, MC_B and MC_C, composed by compatible PGPMs with different functions,
were identified through a bottom-up approach (Tabacchioni et al. 2021). Different crops, including dwarf clover, maize, tomato,
and wheat, grown either in greenhouse or under field conditions with different levels of fertilizers administration, were treated with
microbial consortia including bacteria and fungi characterized by different beneficial properties. Microbial consortia were applied
via seed coating or delivered as a powder, liquid suspension or incorporated in wood biochar, with or without arbuscular
mycorrhizal fungi (AMF). In field trials, microbial consortia were applied via seed inoculation followed by an additional liquid
application six weeks after sowing.

 

1. MAIN RESULTS FROM POT EXPERIMENTS
Effect of microbial consortia on plant vigour 

Microbial consortium A exhibited a positive influence on plant vigour of  wheat and tomato in non-sterile conditions.

Microbial consortium C positively affected the  wheat and tomato shoot vigour indices in both sterile and non-sterile soils.

Effect of microbial consortia on the growth of Trifolium nanum in presence or absence of Arbuscular
mycorrhizal fungi (AMF)

 

Microbial consortia A, B, and C, when applied in combination with AMF, exerted a positive impact on root and shoot dry
weight of Trifolium nanum (P<0.05).

Fig. 2 The effect of MC_A, MC_B and MC_C when applied alone or with AMF
(Rhizophagus intraradices) on roots and leaf dry weights of Trifolium nanum after one month of growth. 

 

Effect of microbial consortia on the maize growth 

Microbial consortia A, B and C when combined with CHAR and AMF showed a positive impact on shoots  (P<0.05). In
particular, the treatment Char_B_AMF led to a significant increase of the shoot dry biomass (%). 

Fig. 3 The effect of MC_B and  MC_C when applied with CHAR and AMF (Rhizophagus intraradices) on rshoot lenght

Effect of microbial consortia on the wheat growth 

Effect of microbial consortia on the tomato growth 

Experiments performed in macrocosm showed that microbial consortium B +AMF+
BIOCHAR caused a significant decrease of rotten tomato (P<0.05) suggesting a positive effect of the mixed inoculum on fruit
commercial quality.

 

 

 

 

 

2. FIELD RESULTS
MAIZE FIELD EXPERIMENTS IN GERMANY 

MC_C significantly increased shoot biomass production.

MC_C significantly increased the grain yield per cob at the low and medium fertilization stages. 

MAIZE FIELD EXPERIMENTS IN ITALY

On Maize (cv. DKC6587) the treatment with Biochar in combination with MC_C and the commercial consortium
Micosat determined a positive effect on chlorophyll content which is related with an increased availability of N for the plant.

A positive effect of the application of microbial consortia (MC_C) on soil
microbial activity and soil respiration which favours the assimilation of NO  and NH  from plants.
MC_C also caused a significant increase of mycorrhizaltype fingerprinting suggesting an overall positive effect on indigenous fungalcommunities.

CONCLUSIONS
 

MC_C favoured the wheat vigour in the tested experimental conditions 

Synergistic effect of microbial consortia and AMF was found  on root and leaf dry weights of Trifolium nanum. 

Microbial consortia (MC_A and MC_B) when applied with CHAR and AMF positively affected the maize shoot length.

Microbial consortia (MC_B and MC_C) have the potential to affect plant growth and grain yield of maize plants in the field.

Effects were more pronounced at lower soil nutrient/ fertilization levels.

Microbial consortium C could be used as potential bioinoculant to enhance maize growth and productivity.

Overall, our microbial consortia proved capable to act as ‘plant probiotics’ in view of a more environmentally friendly management
of crops, reducing the need for chemical inputs in agriculture, promoting soil fertility and improving plant health and productivity.

                     

•Characterisation of soil microbiome in relation to microbial consortia formulations in different abiotic and biotic conditions   

•Identification of
a spectrum of metagenomic biomarkers (taxa, SNPsand metabolic modules) that will be exploited as bioindicators of soil
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Il microbiota del suolo e l’olobionte al centro della sostenibilità della produzione alimentare: il progetto 
SIMBA, Festival dello Sviluppo Sostenibile, lunedì 11 ottobre 2021

Il consorzio microbico MC_C ha deterrninato un aumento significativo della biomassa
vegetale di mais e della resa in granella con bassi apporti di concimazione.
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INTRODUCTION
Soil microbial applications are a supportive strategy for sustainable agricultural management intended to foster the
reduction of chemical inputs and increase the overall plant performance (Bevivino 2020). The use of beneficial microbes
for improving plant growth and yield, and increasing plant resistance to pathogens as well as biotic and abiotic stress, represents a
promising tool that may provide a response to the new challenges of modern agriculture (Woo and Pepe, 2018). Nevertheless, under
field conditions various biotic and abiotic constraints often hinder a plant growth-promoting e!ect limiting the successful use of
Plant Growth Promoting Microbes (PGPMs) in agriculture. The limited reproducibility of beneficial microbial effects and the
necessary conditions remain a considerable challenge for a successful use of PGPMs in agriculture. To counteract the issue of
uncertain and limited field efficacy a potential strategy is offered by the adoption of multifunctional microbial consortia which
include several beneficial species, e.g. arbuscular mycorrhiza fungi (AMF), Pseudomonas spp., Bacillus spp., Azospirillum
spp., Azotobacter spp. or Trichoderma spp., taking advantage of stable synergistic effects and increased flexibility of responses
under different environmental conditions. 

In the present work, we employed well-designed multifunctional MC, selected starting from microorganisms with proven ability to
exert PGP effects, with the aim to either increase crop yield or sustain yields with reduced chemical inputs by optimizing the
efficacy of application both in Southern and Central Europe.

MATERIALS AND METHODS
Three microbial consortia named MC_A, MC_B and MC_C, composed by compatible PGPMs with different functions,
were identified through a bottom-up approach (Tabacchioni et al. 2021). Different crops, including dwarf clover, maize, tomato,
and wheat, grown either in greenhouse or under field conditions with different levels of fertilizers administration, were treated with
microbial consortia including bacteria and fungi characterized by different beneficial properties. Microbial consortia were applied
via seed coating or delivered as a powder, liquid suspension or incorporated in wood biochar, with or without arbuscular
mycorrhizal fungi (AMF). In field trials, microbial consortia were applied via seed inoculation followed by an additional liquid
application six weeks after sowing.

 

1. MAIN RESULTS FROM POT EXPERIMENTS
Effect of microbial consortia on plant vigour 

Microbial consortium A exhibited a positive influence on plant vigour of  wheat and tomato in non-sterile conditions.

Microbial consortium C positively affected the  wheat and tomato shoot vigour indices in both sterile and non-sterile soils.

Effect of microbial consortia on the growth of Trifolium nanum in presence or absence of Arbuscular
mycorrhizal fungi (AMF)

 

Microbial consortia A, B, and C, when applied in combination with AMF, exerted a positive impact on root and shoot dry
weight of Trifolium nanum (P<0.05).

Fig. 2 The effect of MC_A, MC_B and MC_C when applied alone or with AMF
(Rhizophagus intraradices) on roots and leaf dry weights of Trifolium nanum after one month of growth. 

 

Effect of microbial consortia on the maize growth 

Microbial consortia A, B and C when combined with CHAR and AMF showed a positive impact on shoots  (P<0.05). In
particular, the treatment Char_B_AMF led to a significant increase of the shoot dry biomass (%). 

Fig. 3 The effect of MC_B and  MC_C when applied with CHAR and AMF (Rhizophagus intraradices) on rshoot lenght

Effect of microbial consortia on the wheat growth 

Effect of microbial consortia on the tomato growth 

Experiments performed in macrocosm showed that microbial consortium B +AMF+
BIOCHAR caused a significant decrease of rotten tomato (P<0.05) suggesting a positive effect of the mixed inoculum on fruit
commercial quality.

 

 

 

 

 

2. FIELD RESULTS
MAIZE FIELD EXPERIMENTS IN GERMANY 

MC_C significantly increased shoot biomass production.

MC_C significantly increased the grain yield per cob at the low and medium fertilization stages. 

MAIZE FIELD EXPERIMENTS IN ITALY

On Maize (cv. DKC6587) the treatment with Biochar in combination with MC_C and the commercial consortium
Micosat determined a positive effect on chlorophyll content which is related with an increased availability of N for the plant.

A positive effect of the application of microbial consortia (MC_C) on soil
microbial activity and soil respiration which favours the assimilation of NO  and NH  from plants.
MC_C also caused a significant increase of mycorrhizaltype fingerprinting suggesting an overall positive effect on indigenous fungalcommunities.

CONCLUSIONS
 

MC_C favoured the wheat vigour in the tested experimental conditions 

Synergistic effect of microbial consortia and AMF was found  on root and leaf dry weights of Trifolium nanum. 

Microbial consortia (MC_A and MC_B) when applied with CHAR and AMF positively affected the maize shoot length.

Microbial consortia (MC_B and MC_C) have the potential to affect plant growth and grain yield of maize plants in the field.

Effects were more pronounced at lower soil nutrient/ fertilization levels.

Microbial consortium C could be used as potential bioinoculant to enhance maize growth and productivity.

Overall, our microbial consortia proved capable to act as ‘plant probiotics’ in view of a more environmentally friendly management
of crops, reducing the need for chemical inputs in agriculture, promoting soil fertility and improving plant health and productivity.
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• In conclusione, i consorzi microbici selezionati nell’ambito del progetto SIMBA si

sono rivelati in grado di agire come "probiotici vegetali" e pertanto idonei ad una

gestione delle colture più rispettosa dell’ambiente, riducendo la necessità di

pesticidi chimici e fertilizzanti sintetici.

• L’effetto più rilevante si è ottenuto a seguito dell’applicazione del consorzio

microbico MC_C su mais che ha permesso di ottenere rese di biomassa

significativamente più elevate rispetto al controllo, e in particolar modo in

assenza di fertilizzanti aggiuntivi.

Drone pictures from the experimental farm Wiesengut (Germany.
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