
MAIZE FIELD EXPERIMENTS IN GERMANY 

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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APPLICATION OF BENEFICIAL MICROBIAL CONSORTIA AS 
PLANT PROBIOTICS FOR A SUSTAINABLE AGRICULTURE

MICROBIOME APPLICATION FOR SUSTAINABLE  FOOD SYSTEM 

Overview
The use of beneficial
microbes for improving
plant growth and yield, and 
increasing plant resistance
to biotic and abiotic stress, 
represents a promising
tool that may provide a 
response to the new 
challenges of modern
agriculture.

Objectives
In the present work, 
we employed well-
designed 
multifunctional 
microbial consortia 
with the aim to either 
increase crop yield or 
sustain yields with 
reduced chemical 
inputs.

Research Contributions to the Congress
• Highlight the interaction between soil, plant, bacterial communities and  

environment
• Report how microbiome-based approaches can sustain the agriculture, 

promote soil fertility, improve crop yield and reduce the dependency of plants on 
chemical fertilizers

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 productivity.

A. Bevivino, D. Neuhoff, J. Hett, M. Caldara, E. Maestri, P. Ambrosino, S. Passato, 
S. Frusciante, S. Tabacchioni, A. Fiore, A. Del Fiore, M. Gullì, S. Graziano, G. 
Giovannetti5, G. Masoero, A. Pihlanto, A. Brunori1 and N. Marmiroli

Methods
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).
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After the previous set-up of delivery methods in greenhouse and growth chamber

conditions, the new microbial consortia were trialled as part of field trials in Germany

(organic conditions) and in Italy (organic and conventional conditions). During the vegetation

period, different plant growth parameters (such as plant height, stem diameter, plant

biomass production, nutrient content and uptake), as well as different spectrophotometric

data on plant leaves were regularly assed in order to characterize microbial-mediated

differences in plant growth and development.

The following pictures (Figures 1-4) give an overview of the field experiment in Germany.

Fig. 1 Seed coating of maize seeds prior to sowing with

different microbial consortia.

Fig. 2 Maize sowing with inoculated maize seeds.
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Fig 5: Images of wheat (Svevo and Bramante) taken at

different growing stages.

Treatments were as follows: control, Arbuscolar Mychorrizal Fungi (AMF, Myc Agro), Micosat

F (CCS Aosta), MC_B + AMF, MC_C + AMF, with and without biochar.

 

Fig 6: Corn field at different stages (in May, June and July).
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OBIETTIVO GENERALE DEL PROGETTO

SIMBA: soluzioni innovative basate sui microbiomi per promuovere la produttività 
delle colture agrarie, la sicurezza alimentare e la qualità degli alimenti
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CONSORZIO MICROBIC0

Ricerca bibliografica

Test di compatibilità in 
vitro dei PGPMs

Analisi metagenomica dei PGPMs

Selezione dei  
PGPMs

con maggiori 
potenzialità 
applicative

Trasferimento della biomassa nelle boccette Liofilizzazione

Preparazione degli inoculi
in terreno Nutrient Broth. 

Incubazione overnight a 28°C.

PROCESSO FERMENTATIVO FASE POST- FERMENTATIVA

APPLICAZIONE DEI CONSORZI E VERIFICA DELLA LORO EFFICACIA 

2. PRODUZIONE DEI CONSORZI IN BIOREATTORI

Esperimenti in camera 
di crescita Esperimenti in serra Prove in campo

SET-UP E OTTIMIZZAZIONE DEI CONSORZI MICROBICI 

Microbial consortia *Bioactive compoundsAMF

+ +

BIOFERTILIZZANTE

Sfruttare le potenzialità dei microbiomi per individuare soluzioni in grado di garantire una maggiore produzione di cibo,
l’ottimizzazione dell’utilizzo delle risorse naturali la riduzione degli sprechi, al fine di MIGLIORARE LA QUALITÀ E LA
PRODUTTIVITÀ DEL SISTEMA AGRO-ALIMENTARE. I ricercatori ENEA hanno selezionato consorzi microbici costituiti da
batteri, funghi e micorrize con attività di promozione della crescita delle piante (PGPMs). Attività che risulta potenziata nei
consorzi microbici rispetto al singolo microrganismo inoculante. E’ stata inoltre avviata la fase di scaling-up per la produzione
massiva in bioreattori dei PGPMs, per la loro applicazione, come consorzi, in pieno campo.

1. SELEZIONE E APPLICAZIONE DEI CONSORZI MICROBICI
ATTIVITA’ 
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Microbial consorrtium MC_C 
significantly increased shoot
biomass production and the grain
yield per cob at the low and 
medium fertilization stages.
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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
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necessary conditions remain a considerable challenge for a successful use of PGPMs in agriculture. To counteract the issue of
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MAIZE FIELD EXPERIMENTS IN ITALY 

The treatment with Biochar in combination with MC_C 
determined a positive effect on chlorophyll content
which is related with an increased availability of N for 
the plant. 

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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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
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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.
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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
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application six weeks after sowing.
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Effect of microbial consortia on the wheat growth 

Effect of microbial consortia on the tomato growth 
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BIOCHAR caused a significant decrease of rotten tomato (P<0.05) suggesting a positive effect of the mixed inoculum on fruit
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microbial activity and soil respiration which favours the assimilation of NO  and NH  from plants.
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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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