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SUOLI SANI PER UN CIBO SANO
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• La vita sulla Terra dipende dalle buone 

condizioni di salute del suolo

• Il suolo è un sistema biologico complesso e 
dinamico, essenziale per il mantenimento della 
biodiversità sopra suolo e sotto suolo

• Fornisce i nutrienti essenziali per le piante e 

influisce sulla salute delle colture e sulla loro 
resistenza alle malattie e ai parassiti. 

• Senza terreni sani, la produttività agricola 
diminuirebbe, mettendo a rischio 

l’approvvigionamento alimentare

• Il 95% della produzione alimentare globale 

fa infatti affidamento ai terreni.



Proteggere il suolo e nutrire il pianeta 
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• soddisfare la domanda della crescente popolazione mondiale

• produrre di più e meglio con meno risorse

• ridurre gli sprechi

• favorire una distribuzione più equa del cibo

Programma dell’esercitazione

1. La produzione primaria:
• Le potenzialità del microbioma per creare nuovi alimenti sostenibili e di qualità:

dal campo alla tavola
• Micotossine e sicurezza alimentare

2. Il processo produttivo:
• Caratterizzazione microbiologia di materie prime
• Metodologie innovative per la logistica dei prodotti alimentari

3. Gli attori del sistema alimentare:
• Implementare le reti degli stakeholder
• Azioni di comunicazione e formazione delle associazioni consumatori

Fornire cibo per una popolazione crescente conservando le 

risorse del pianeta
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La salute del suolo è cruciale per la produzione alimentare 
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I servizi del suolo sono essenziali per fornire prodotti alimentari attraverso l’agricoltura, l’energia e le materie

prime, il sequestro del carbonio, la depurazione dell’acqua, la regolazione delle sostanze nutritive, la tutela della
biodiversitàe il controllo degli organismi nocivi.



Policy 
document

s GAP 

Analysis

5

Soil Monitoring Law (2023)

Si stima che circa il 60-70% dei 
suoli europei si trovi in uno 
stato malsano a causa di 
problemi quali l’espansione 
urbana, i bassi tassi di 
riciclaggio dei terreni, 
l’intensificazione 
dell’agricoltura e il 
cambiamento climatico. 
Secondo la Commissione 
europea, il degrado dei suoli è 
uno dei principali motori della 
crisi climatica e della 
biodiversità e riduce la fornitura 
di servizi ecosistemici chiave 
che costano all’UE almeno 50 
miliardi di euro all’anno.



Policy 
document

s GAP 

Analysis

Soil microbial diversity represents a crucial indicator of soil 

health. It aids in identifying changes in soil conditions, 

either degradation or improvement, which ultimately 

affect agricultural productivity and food supply.

LUCAS (Land Use and Coverage Area frame Survey)

on soil biodiversity across Europe

(cited in the Soil Monitoring Law Annex) 

(https://bsssjournals.onlinelibrary.wiley.com/doi/10.1111/ejss.13299) has 

highlighted the importance of considering both taxonomic and functional 

diversity in assessing soil health. 

Understanding soil biodiversity is crucial for maintaining ecosystem 

services like food production and climate regulation.
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Soil Monitoring Law (2023) – Link between data and policy



Il suolo: come preservarlo e tutelarlo? 

• Il suolo, che sia un’attività di 

coltivazione o di allevamento, 

è direttamente coinvolto nella 

produzione di cibo.

• La salute del suolo: ruolo 

essenziale nella capacità delle 

piante di produrre cibo

• L’intensificazione agricola: 

scarsa efficienza nell’uso dei 

nutrienti, aumento delle 

emissioni di gas serra, 

eutrofizzazione delle acque 

sotterranee, degrado della 

qualità del suolo, erosione del 

suolo. 7Salute del suolo per la qualità degli alimenti, Roma, 22 Aprile 2024

LA DEGRADAZIONE DEL SUOLO

Le funzioni possono del suolo essere 

seriamente compromesse da una serie 

di fenomeni, derivanti in gran parte 

dalle azioni antropiche, sino a giungere 

all’ultimo stadio della degradazione 

(desertificazione)



Un suolo sano per una vita sana
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• La sfida è valorizzare la biodiversità microbica del suolo per aiutare la transizione
agroecologica dell’agricoltura verso sistemi che salvaguardano il suolo e fornire diete sane e
sostenibili in grado di conciliare i bisogni umani con la salute del Pianeta (obiettivo della
Mission Soil Health Food”).
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Il suolo: una terra piena di vita
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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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Il suolo contiene più di 1000 Kg di biomassa

microbica per ettaro, un’importanti riserva di
biodiversità.

Comprende un'ampia gamma di diversi habitat
microbici: uno stesso blocco di suolo contiene

habitat molto differenti (lo strato superficiale e,
sotto, lo strato denso e quello poroso),

ciascuno dei quali ospita organismi diversi.

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



Il ruolo dei microrganismi del suolo
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Soil biogeochemical processes modulated by microbiome

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

I microorganismi del suolo sono vitali per la vita e la salute degli uomini e delle piante e operano nel suolo una 

rete di trasformazioni dalle quali dipende il funzionamento dell’intero ecosistema. 
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La nuova frontiera dell’agricoltura basata sul microbioma
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• I microrganismi sono 

presenti ovunque

• Sono essenziali per la 

salute delle piante, degli 

animali, dell’uomo e 
dell’ambiente

• Impatto in termini di 

produttività delle colture, 

qualità e sicurezza degli 

alimenti

Salute del suolo per la qualità degli alimenti, Roma, 22 Aprile 2024



Il nuovo concetto di microbioma
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Berg, G., Rybakova, D., Fischer, D. et al. Microbiome 8, 103 (2020). 
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Dal microbioma del suolo al microbioma delle piante: funzioni
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Bevivino, Costanzo, Iannetta (2023) Il microbioma per un agricoltura sostenibile: dal Nuovo concetto di Microbioma al 

concetto di Olobionte. In: Microbioma, One health, dal suolo al benessere dell’uomo. EDAGRICOLE (Sellito Ed.)  



Piante e microbioma: l’olobionte e l’approccio olistico

Il concetto di olobionte Il concetto di One Health
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Orozco-Mosqueda et al. Microbiol Res. 2018;208:25-31

Grazie al loro sorprendente potenziale metabolico, i microbiomi hanno un 

ruolo chiave nella salute umana, vegetale, animale e planetaria, e occupano 

una posizione centrale nel quadro "One Health", contribuendo a una nuova 

prospettiva integrata della salute degli organismi viventi.

L’olobiontte è il 

termine usato per 

riferirsi all'ospite 

unitamente ai 

microrganismi 

associati che 

compongono il suo 

microbioma



Relazioni tra suolo, cibo e salute umana
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I microbiomi del suolo, la salute umana e la sicurezza alimentare sono collegati da un ciclo microbico. Le piante 

fissano il carbonio atmosferico e sono la principale fonte di cibo/energia per l'uomo, con un impatto diretto sulla 
sicurezza alimentare e nutrizionale. L'acquisizione dei nutrienti da parte delle piante e la resistenza alle malattie 
sono regolate dal microbioma del suolo. Inoltre, le pratiche agronomiche possono avere un impatto sul 

microbioma del suolo e, in ultima analisi, avranno un impatto sulla salute umana attraverso gli alimenti vegetali.

https://onlinelibrary.wiley.com/doi/10.1002/sae2.12019



Piante e microbioma: l’olobionte e l’approccio olistico
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La pianta è un olobionte ed il suo genoma è definito “ologenoma”, ovvero l’insieme del genoma

dell’organismo ospite e del genoma dei microrganismi che lo abitano.

L’ologenoma rappresenta un unico bersaglio della selezione naturale, e in quanto tale evolve come

un unico individuo.

Bevivino, Costanzo, Iannetta (2023) In: Microbioma, One health, dal 

suolo al benessere dell’uomo. EDAGRICOLE (Sellito Ed.)  



Applicazione di microrganismi benefici per 

un’agricoltura sostenibile: passato, presente e futuro
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L’uso di microbi 
benefici 
rappresenta 
uno strumento 
promettente che 
può rispondere 
alle sfide 
dell’agricoltura 
moderna

L’uso di terapie 
basate sul 
microbioma 
rappresenta 
uno strumento 
promettente che 
può rispondere 
alle sfide della 
medicina 
traslazionale

Salute del suolo per la qualità degli alimenti, Roma, 22 Aprile 2024



Il microbioma al servizio delle produzioni agricole
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Conoscere la diversità e la 

funzione del microbioma 

suolo-radice per scoprire nuovi 

microbi che possono essere 
utilizzati come biofertilizzanti e 

biopesticidi.

Migliorare la diversità e la 

funzione benefica del 

microbioma del suolo attraverso 
l'ottimizzazione dei metodi di 

gestione del suolo.

Salute del suolo per la qualità degli alimenti, Roma, 22 Aprile 2024



Il ruolo del microbioma per un cibo sano e 
sostenibile secondo il concetto “One health
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Valorizzare la biodiversità

microbica del suolo e della

rizosfera per favorire 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.
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Il PROGETTO SIMBA - Sustainable Innovation of 

Microbiome Applications in Food System

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

SynComms: azotofissatori, PGP, agenti di biocontrollo, P solubilizzatori
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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 European Union cannot be 

held responsible for any use that may be made of the information contained therein.
@SIMBAproject_EU www.simbaproject.eu

BIOSOLUZIONI PER L’AGRICOLTURA

char
Syncom

Char

AMF

BS

In vitro compatibility test single  
microrganism – bioactive
compounds

Bioactive compounds

Seaweed extracts
Humic substances
Agro-industrial residues
Plant-derived protein hydrolysate

concentrations ranging from 10 ppm to 10,000 ppm

In vitro compatibility test single  
microrganism – bioactive
compounds

Bioactive compounds

Seaweed extracts
Humic substances
Agro-industrial residues
Plant-derived protein hydrolysate

concentrations ranging from 10 ppm to 10,000 ppm

Seaweed extracts, Plant-derived protein
hydrolysate



Soluzioni basate sul microbioma del suolo: dal laboratorio ad 

applicazioni in pieno campo
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Biomarkers of food quality and

safety associated to the plant-
microbiome/biostimulant
combination(Deliverable 4.5)
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Abstract: Commodity crops, such as wheat and maize, are extremely dependent on chemical fertiliz-

ers, a practice contributing greatly to the increase in the contaminants in soil and water. Promising

solutions are biofertilizers, i.e., microbial biostimulants that when supplemented with soil stimulate

plant growth and production. Moreover, the biofertilizers can be fortified when (i) provided as

multifunctional consortia and (ii) combined with biochar w ith a high cargo capacity. The aim of this

work was to determine the molecular effects on the soil microbiome of different biofertilizers and de-

livery systems, highlight their physiological effects and merge the data with statistical analyses. The

measurements of the physiological parameters (i.e., shoot and root biomass), transcriptomic response

of genes involved in essential pathways, and characterization of the rhizosphere population were

analyzed. The results demonstrated that wheat and maize supplemented with different combinations

of selected microbial consortia and biochar have a positive effect on plant growth in terms of shoot

and root biomass; the treatments also had a beneficial influence on the biodiversity of the indigenous

rhizo-microbial community, reinforcing the connection between microbes and plants without further

spreading contaminants. There was also evidence at the transcriptional level of crosstalk between

microbiota and plants.

Keywords: biofertilizer; biochar; Zea mays; Triticum durum; gene expression; rhizospheric microbes;

soil pollution

1. Introduction

An increasing world population is challenging current agricultural production to

ensure a steady food supply, a problem that is worsened by the striking losses of arable

land and crop yields [1,2]. Wheat (T. durum and T. aestivum), the most important staple crop

in the world, and maize (Zea mays L.) contribute to ~12.4% of the world’s food demand (3%

of all cereals) and rank first in production volume worldwide (1.135 million tons) [3]. Their

cultivation has a strong impact on the use of chemical fertilizers; in 2019, 26 and 27.26 Gt

of fertilizers were used for wheat and maize, respectively (https:/ / www.statista.com/

accessed on 12 June 2022). In the future, enhancing their cultivation will be a global

challenge [4] that requires the implementation of “ sustainable agriculture” strategies,

which have been strengthened over time by both the UN (United Nations) and FAO (Food

and Agriculture Organization) and reiterated within the 17 Sustainable Development Goals

of the 2030 Agenda.
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homogeneous amounts of food waste streams. This contributes to the circular economy approach where useful 

material, once seen as waste, is recycled back into the supply chain to create new products. Detailed analyses of the 

technical and economic feasibility and environmental effects of possible valorisation routes for food waste are needed 

to select processes and products that enable optimal valorisation while ensuring sustainability and safety in the entire 

food value chain. The types and amounts of food waste available in different locations should also be evaluated. 

Official food waste statistics are not available for all EU member states. This has improved after EC delegated 

decision (2019/1597, supplementing DIR 2008/98/EY) was set into force. To implement and monitor the EU’s Farm 

to Fork Strategy, the EC proposed legally binding targets to reduce food waste across the EU, by the end 20233. 

Based on this directive, food industries started monitoring and detailed annual reporting of food waste streams from 

2022. Mandatory reporting would also act as an incentive for the actors/companies to look for alternative uses for 

waste streams of different qualities, while also reducing total amount of waste4. The use of food industry processing 

residues offers an excellent opportunity for the development of organic fertilisers replacing mineral ones and tailored 

soil improvers1 as useful soil amendments5. 

Arable soils are subject to severe degradation in the EU. 12.7% of Europe is affected by moderate to high erosion, 

causing an estimated loss of agricultural production of €1.25B per year. At the same time, organic carbon stocks in 

cropland topsoil are declining, accelerating global climate change. Soils are healthy when they are in good chemical, 

biological and physical condition, and thus able to continuously provide their important ecosystem services (food 

and biomass production, carbon reservoir)3. Use of recycled fertiliser products would contribute to independence 

from mineral fertilisers and improve soil health. Organic matter and nutrients in food industry waste products could 

be reused but are instead released to the nearby environment, such as waterways where they can cause eutrophication. 

Applying circular bioeconomy methods to the food industry value chain, improving use of residue streams6 and 

regional production of soil improvers will enhance food system sustainability and so reduce waste (Figure 1.1.). Food 

industry processing residues have different characteristics (liquid / solid; nutrient content (N, P); organic matter 

quality) according to the product and region. This will determine what soil improvers can be produced locally and 

how effective they are. It is therefore important not only to test residue streams using local raw materials but also to 

use local expertise to ensure effectiveness of the soil improver. At the same time, high quality standardised processes 

and strategies are needed to ensure replicability and safety.  
The final challenge is stakeholder and 

wider social acceptance of any products 

obtained from residue streams. Here the 

questions are i) Economic, how costly is 

the process to obtain the soil improver, 

transport and use it? ii) Environmental, 

how safe and effective are the products? 

iii) Societal, how are they perceived? 

 

Figure 1.1.b DeliSoil’s food value chain7. 

Food raw materials are used by the 

industries to create products for 

consumers. The by-products are 

processed, e.g., by Anaerobic Digestion 

(AD), to create added value. The 

soiled/inedible residue streams are further 

processed to provide soil improvers for 

food production.  

 

Objectives 

DeliSoil is structured into 7 Work Packages (WP) (Figure 3.1.): 5 inter-linking WPs investigating technical, 

environmental, socioeconomic, and policy drivers of sustainable soil improvers and 2 overarching WPs for DEC 

(WP6) and Project Management & Coordination (WP7, Luke). We apply a co-creative, multi-actor, and 

transdisciplinary approach with strong stakeholder participation and engagement covering the entire food value 

 

 
3 EU Commission 2021. Soil, land and climate change. Published 30.9.2019, Last modified 11.5.2021   
4 Heikkinen et al 2022. Climate change induces carbon loss of arable mineral soils... Global Change Biology 28, 3960-3973. 
5 Any substance intended to change soil chemical/physical characteristics, making it more suitable for plant growth and increasing soil water 

retention 
6 Flow of material that is not the end product(s) that a food processing process directly seeks to produce 
7 Series of activities that create and build value at every step. Refers to full life cycle of product or process. 

Tecnologie innovative per convertire i residui

delle industrie di trasformazione e
produzione alimentare in ammendanti
all’avanguardia che saranno testati per

stabilità, efficacia e biosicurezza
valutandone così il loro impatto su salute

del suolo, prestazioni agronomiche e
rischi ambientali.

WP2: Soil health improvement (LEAD ENEA)

https://delisoil.eu



New biomarkers of soil health from soil microbiome
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• Metagenomic sequencing and bioinformatic

tools
• Functional and phylogenetic information will be 

linked with chemical, physical, and more 

biological parameters
• The metagenomic approachwill also be 

employed to assess the risk of spreading
antibiotic resistance genes (ARG) in the soil
treated with tailored soil improvers

Soil 

im provers

ARGs in soil, surface water and underground water 
can enter the root through the plant rhizosphere.

Soil

Kim et al. 2021 Antibiotic resistome from the One-Health perspective: 

understanding and controlling antimicrobial resistance transmission. Exp Mol 

Med 53, 301–309 (2021). 



Take-home message
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L’integrazione di approcci basati sul microbioma con l’emergente agricoltura di precisione, la

biologia sintetica, i big data e gli approcci genomici può fornire una solida struttura per realizzare il

vero potenziale delle tecnologie del microbioma vegetale in agricoltura come parte integrante

dell’agricoltura moderna.

Una nuova era 

del microbioma 

del suolo e delle 

piante

Trends in Plant Science 2022 271134-1143
Salute del suolo per la qualità degli alimenti, Roma, 22 Aprile 2024



Quanto ancora rimane da fare?
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Callens et al 2022. Microbiome-based solutions to address new and existing threats to food security, nutrition, health and agrifood systems’ 

sustainability. Front. Sustain. Food Syst.6:1047765. doi: 10.3389/fsufs.2022.1047765

• guidare la transizione dell’agricoltura 

verso pratiche più sostenibili
• ridurre l’input di pesticidi chimici, 

fertilizzanti di sintesi e antimicrobici 

• potenziare l’agricoltura biologica e 
lottare contro la perdita di biodiversità

• garantire la sicurezza 
dell’approvvigionamento alimentare

• ridurre le perdite e gli sprechi 

alimentari 
• guidare la transizione verso consumi 

di cibi sani

Alimenti sostenibili e di qualità
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homogeneous amounts of food waste streams. This contributes to the circular economy approach where useful 

material, once seen as waste, is recycled back into the supply chain to create new products. Detailed analyses of the 

technical and economic feasibility and environmental effects of possible valorisation routes for food waste are needed 

to select processes and products that enable optimal valorisation while ensuring sustainability and safety in the entire 

food value chain. The types and amounts of food waste available in different locations should also be evaluated. 

Official food waste statistics are not available for all EU member states. This has improved after EC delegated 

decision (2019/1597, supplementing DIR 2008/98/EY) was set into force. To implement and monitor the EU’s Farm 

to Fork Strategy, the EC proposed legally binding targets to reduce food waste across the EU, by the end 20233. 

Based on this directive, food industries started monitoring and detailed annual reporting of food waste streams from 

2022. Mandatory reporting would also act as an incentive for the actors/companies to look for alternative uses for 

waste streams of different qualities, while also reducing total amount of waste4. The use of food industry processing 

residues offers an excellent opportunity for the development of organic fertilisers replacing mineral ones and tailored 

soil improvers1 as useful soil amendments5. 

Arable soils are subject to severe degradation in the EU. 12.7% of Europe is affected by moderate to high erosion, 

causing an estimated loss of agricultural production of €1.25B per year. At the same time, organic carbon stocks in 

cropland topsoil are declining, accelerating global climate change. Soils are healthy when they are in good chemical, 

biological and physical condition, and thus able to continuously provide their important ecosystem services (food 

and biomass production, carbon reservoir)3. Use of recycled fertiliser products would contribute to independence 

from mineral fertilisers and improve soil health. Organic matter and nutrients in food industry waste products could 

be reused but are instead released to the nearby environment, such as waterways where they can cause eutrophication. 

Applying circular bioeconomy methods to the food industry value chain, improving use of residue streams6 and 

regional production of soil improvers will enhance food system sustainability and so reduce waste (Figure 1.1.). Food 

industry processing residues have different characteristics (liquid / solid; nutrient content (N, P); organic matter 

quality) according to the product and region. This will determine what soil improvers can be produced locally and 

how effective they are. It is therefore important not only to test residue streams using local raw materials but also to 

use local expertise to ensure effectiveness of the soil improver. At the same time, high quality standardised processes 

and strategies are needed to ensure replicability and safety.  
The final challenge is stakeholder and 

wider social acceptance of any products 

obtained from residue streams. Here the 

questions are i) Economic, how costly is 

the process to obtain the soil improver, 

transport and use it? ii) Environmental, 

how safe and effective are the products? 

iii) Societal, how are they perceived? 

 

Figure 1.1.b DeliSoil’s food value chain7. 

Food raw materials are used by the 

industries to create products for 

consumers. The by-products are 

processed, e.g., by Anaerobic Digestion 

(AD), to create added value. The 

soiled/inedible residue streams are further 

processed to provide soil improvers for 

food production.  

 

Objectives 

DeliSoil is structured into 7 Work Packages (WP) (Figure 3.1.): 5 inter-linking WPs investigating technical, 

environmental, socioeconomic, and policy drivers of sustainable soil improvers and 2 overarching WPs for DEC 

(WP6) and Project Management & Coordination (WP7, Luke). We apply a co-creative, multi-actor, and 

transdisciplinary approach with strong stakeholder participation and engagement covering the entire food value 

 

 
3 EU Commission 2021. Soil, land and climate change. Published 30.9.2019, Last modified 11.5.2021   
4 Heikkinen et al 2022. Climate change induces carbon loss of arable mineral soils... Global Change Biology 28, 3960-3973. 
5 Any substance intended to change soil chemical/physical characteristics, making it more suitable for plant growth and increasing soil water 

retention 
6 Flow of material that is not the end product(s) that a food processing process directly seeks to produce 
7 Series of activities that create and build value at every step. Refers to full life cycle of product or process. 

WP2 (Lead ENEA) 
SOIL HEALTH RESTORATION AND IMPROVEMENT

Achieving Ecological Resilient Dynamism for 

the European food system through consumer 

driven policies.

https://ejpsoil.eu

DELISOIL

Delivering safe, sustainable, tailored & 

societally accepted soil improvers from 

circular food production processes for 

boosting soil health
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