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Outline of my presentation

* The soil microorganisms: role
and function

« Strategies to increase crop
productivity: the microbiome-
based solution

 The SIMBA Project:
identification and selection of
efficient inoculants

* Preliminary results from Work
Package 2

« Ongoing activities ;\:");f.

m Selezione e valorizzazione dei microorganismi benefici del suolo per un’agricoltura sostenibile: il

progetto H2020 SIMBA, ECOMONDO 9 giugno 2021



The world beneath our feet

Millions of microorganisms live and reproduce in a few grams of soil
Microorganisms directly contribute to the biological fertility of soil

They also play a central role in decomposing organic matter, in determining the
release of mineral nutrients, and in nutrient cycling

Changes in soil microbial community may directly affect soil ecosystem function,
particularly carbon and nitrogen cycling

-

Bacteria
in 1 gram of soil:

® ca.10%° cells Bacterial \

® ca. 50,000 species function in soil
® Biogeochemical nutrient cycles (C, N, P)
® Ecosystem services
® Biotechnology

[Separate theorv] Biotic * Eukaryotic microorganisms

of microbial interactions  ® animals
® plants

ecology?
m Modified from Johannes Sikorski 2015, The Prokaryotic Biology of Soil, Soil Organisms 87, 1-28
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Community
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® Selection
® Drift

® Speciation
® Dispersal




The link between soil, microorganisms and plants

exudates Bulk soil Rhizosphere Endophytic
. microbes microbes microbes
Microorganisms _—
Root tip Root tip

direct
mechanisms

| 1

nutrients

organic litter

metabolic
activity

;1 Al
i

Rhizosphere

Jacoby et al. Front Plant Sci. 2017; 8:1617 Backer et al. (2018) Front. Plant Sci. 9:1473

Selezione e valorizzazione dei microorganismi benefici del suolo per un’agricoltura sostenibile: il
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How to increase crop productivity and soil fertility?

Plant phenotype . .
* Understanding soil-root

microbiome diversity and
Plant genotype .
Plant domestication function to uncover novel
microbes that can be used as
biofertilisers and biopesticides
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—— Agricultural management

 Promoting crop—microbe

associations through the
development and optimisation

of microbial inocula

. » Soil characteristics,
root exudates

- Enhancing beneficial soil
microbiome diversity and
g e ey function through optimising
Abundance, diversity, functionality, and colonization of .
microorganisms in above- and below-ground plant organs‘ SOl | ma nage ment method S

Compant et al., 2019 J Adv Res 19:29-37
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Moving towards a more sustainable
production system is one of the major
challenges for the European Union food
industry.

The main goal of Horizon 2020 SIMBA
project is to take advantage of

microbiome support at all levels of the ST
food chain. processing

«
THE SIMBA PROJECT :5|MBA

Microblomes
analyses,

applications,

open access data

In this view, soil microbial applications A
appear a promising tool capable to msert
foster a significant increase in crop vyield e
and quality.

https://vimeo.com/539607004

nding from the European Union’s
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WP2 — Improvement of PGPMs field 3 o
applications efficacy and reproducibility | @}SIMBA

SUSTAINABLE INNOVATION OF MICROBIOME
APPLICATIONS IN THE FOOD SYSTEM

IMPROVING
PGPM FIELD APPLICATION

Design, formulation and optimization of

maize wheat ‘

Main Objective:

@ - to exploit the full potential of
Plant Growth-Promoting
Microorganisms (PGPMs)
for sustainable crop
production by optimising the
efficacy and reproducibility of
field applications.

tomato potato

SERVICES
aoo04-Oudv

CROP YIELD
PRODUCT QUALITY

nding from the European Union’s

B i et ke e Y @SIMBAproject_EU  www.simbaproject.eu




2.1 Design, formulation and optimization of Plant Y. * SIMBA
Growth-Promoting Microbes (PGPMs) for their use

as microbial consortia inoculants

AIM OF THE PRESENT WORK:
|dentify efficient microbial formulations to be applied as bioinoculants in arable crops
in Italy and Germany, i.e. WHEAT, MAIZE, POTATO and TOMATO

v To improve soil fertility and functionality

v To enhance plant resistance to abiotic and biotic stresses

v To improve plant productivity for the the sustainable use of soil in different
European farming system

ding from the Eu an Union’s Ho

i T e ”y‘ Y @SIMBAproject_EU  www.simbaproject.eu




How to choose efficient inoculants? < S|MBA

ABLE INNOVATION OF MICROBIOME
PH TIU!\ N THE FOOD SYSTEM

« The use of efficient inoculants is considered an important strategy for
increasing crop productivity and reducing chemical inputs in agriculture

« When considering inoculation with PGPM, the first objective is to find the
best bacteria available and to identify the best delivery method which
determines the potential success of the inoculant

m Single inoculants Microbial consortia 1



Microbial consortia for sustainable <
agriculture SIMBA

Microbial consortia have a higher potential to increase plant
growth-promoting (PGP) effects compared to single inoculants

P solubilisation, N, fixation, PGP, Biocontrol

Reaction Network Interaction Network Interkingdom Interaction aCtIV I ty

«microbial consortia” means not only living together but also labour division, leading
to increased community efficiency and productivity.



microorganisms @\py

Article

Identification of Beneficial Microbial Consortia and Bioactive
Compounds with Potential as Plant Biostimulants for a
Sustainable Agriculture

Silvia Tabacchioni 1't, Stefania Passato 2, Patrizia Ambrosino 2, Liren Huang 3 Marina Caldara 40,

Cristina Cantale I'*, Jonas Hett >, Antonella Del Fiore 1, Alessia Fiore 1, Andreas Schliiter 30,

Alexander Sczyrba 3(0 Elena Maestri *00, Nelson Marmiroli 4, Daniel Neuhoff 50, Joseph Nesme 6Q,

Seren Johannes Serensen 07, Giuseppe Aprea 1 Chiara Nobili 112, Ombretta Presenti 1, Giusto Giovannetti 7,
Caterina Giovannetti ’, Anne Pihlanto 8, Andrea Brunori ! and Annamaria Bevivino '*



Metagenome fragmt.ant recruitments WATION OF MICROBIOME
on genomes of candidate PGPMs "HE FOOD SYSTEM

Erintal design < ;SIMBA

Selection of the
Comprehensive most promising
literature survey PGPMs

PGPMs
list

Soil /root Identification
PGPMs of carriers for
delivering

I Carriers

Bioactive
compounds

In vitro compatibility tests

14



BOTTOM-UP APPROACH £ SIMBA

SUSTAINABLE INNOVATION OF MICROBIOME
PLICATIONS IN THE FOOD SYSTEM

Comprehensive
literature survey



Microorganism Strain Origin Country of isolation Properties
Acaulospora morrowiae CL290 Rhizosphere STATI UNITI PGP
Agrobacterium radiobacter| AR 39 soil near peach tree Ascoli Piceno, IT biocontrol / PGP
Azospirillum brasiliense CD/ATTC 29710 Cynodon dactylon rhizosphere USA N-fixation
Azospirillum brasiliense NCCB 78036 soil under soy field India N-fixation
Azospirillum lipoferum CRT1 field grown maize FR N-fixation
Azotobacter chroococcum DSM 2286 unknown unknown Nitrogen fixation
tobacter chroococcum Ls132 hizospk South IT N-fixation
tobacter chroococcum L5163 South IT N-fixation
Azotobacter chroococcum S-5 unknown Iran N-fixation
Azotobacter vi DSM 2289 unknown unknown N-fixation
Bacillus sp. BV84 Grape leafs Ascoli Piceno, IT biocontrol /PGP
Bacillus amyloquefaciens BA41 Wheat rhizosphere Ascoli Piceno, IT biocontrol /PGP

Bacillus amyloquefaciens

LMG 9814

alpha-amylase, alpha:
amylase produ

idase, iso-

Bacillus lic Ps141 South IT Indole acetic acid (IAA) production
Bacillus megaterium M3 rice unknown P i
Bacillus megaterium PMC 1855 k unknown P
Bacillus pumilus LMG 24415 soil Ecuador PGP
Bacillus simplex R49538 unknown Ecuador PGP/IAA production
Bacillus subtils LMG 23370 Forest soll India PGP/ biocontrol against Rhizoctonia
solani
Bacillus subtilis LMG 24418 soil Ecuador PGP
Bacillus subtilis 0SU-142 pepper unknown N-fixation, biocontrol
Burkholderia ambifaria mci7 Maize rhizosphere Lazio, IT PGP
Burkholderia ambifaria PHP7/LMG 11351 Maize FR PGP
Gigaspora gigantea PA125 Rhizosphere STATIUNITI PGP
Gigaspora rosea NY328A i STATI UNITI PGP
pastoris PP59 Grape rhizospt Ascoli Piceno, IT PGP
illus sp R47065 unknown Ecuador PGP/IAA production
P ia tropica MDIIlIAz0225 Maize Caserta, IT Nitrogen fixation
gl A23/T3c soil Lazio, IT PGP
fluorescens DR54 Sugar beet Holeby, DK biocontrol
d putida P1-20/08 soil Ecuador PGP
sp. PN53 Grass rhi Ascoli Piceno, IT PGP
Rahnella aquatilis BB23/T4d soil Lazio, IT PGP
terrigena FS152 i South, IT Phytase activity, siderophore production
Septoglomus constrictum FL328 Rhizosphere STATIUNITI PGP
Streptomyces sp. SA51 i Liguria, IT biocontrol
Trichoderma gamsii 6085 uncultivated soil Crimea, UA biocontrol
Trichode 16776 soil Pisa, IT biocontrol /PGP
Trichode THO1 Grass soil and rhizosph Ascoli Piceno, IT PGP
Trichoderma harzianum CBS 354.33/ATCC 48131 soil USA chitinase production, biocontrol

List of PGPMs

B BIOFECTOR PROJECT (FP7-KBBE/2012-2017)

Bl VALORAM PROJECT ( FP7-KBBE/ 2007-2013)

* A total of 46 microbial strains were
selected: bacteria, mychorrizae and
fungi

» 26 out of 46 microbial strains
resulted available

e available strains were cross-
checked to evaluate their
compatibility
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microorganisms using the modified
agar diffusion method on NA plates.

A. radiobacter AR39

A. brasilense ATCC 29710
A. brasilense NCCB 78036
A. chroococcum DSM 2286
A. chroococcum LS132

A. chroococcum 1.5136

A. vinelandii DSM 2289
Bacillus spp. BV84

B. amyloliquefaciens BA41
B. amyloliquefaciens LMG 9814
B. licheniformis PS141

B. pumilus LMG 24415

B. subtilis LMG 23370

B. subtilis LMG 24418

B. ambifaria LMG11351

B. ambifaria MCI7

K. pastoris PP59

P. tropica MDIIIAZ0225
Pseudomonas sp. PN53
P. fluorescens DR54
P. granadensis A23/T3c
R. aquatilis BB23/T4d

R. terrigena FS152

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



Dual compatibility testamong = 1 S|MBA

bacteria and fungi ,
Bacteri T. harzianum T. harzianum
acteria
ATCC 48131 THO1
Azotobacter brasilense ATCC 29710 nc
Azospirillum brasilense NCCB 78036 -
Azotobacter chroococcum DSM 2286 - nc
Azotobacter chroococcum 1L.5132 + +

Agrobacterium radiobacter AR39 = =
Azotobacter chroococcum LS163 - +
Azotobacter vinelandii DSM 2289 & +
Bacillus sp. BV84 - +
Bacillus amyloliquefaciens BA41 - -
Bacillus amyloliguefaciens LMG 9814 - -
Bacillus licheniformis PS141 + +
Bacillus pumilus LMG 24415 - -
Bacillus subtilis LMG 23370 = =
Bacillus subtilis LMG 24418 - -
Burkholderia ambifaria LMG 11351 - -
Burkholderia ambifaria MCI7 - -

Komagataella pastoris PP59 & +
Paraburkholderia tropica MDIIIAz0225 + nc
Pseudomonas sp. PN53 -
Pseudomonas granadensis A23/T3c +
Pseudomonas fluorescens DR54 + nc
Ranhella aquatilis BB23/T4d - +

(0]



Multifunctional synthetic microbial consortia

MC Microorganisms

A

Azotobacter chrococcum LS132
Bacillus licheniformis PS141
Komagataella pastoris PP59
Pseudomonas granadensis A23/T3c
Paraburkholderia tropica MDIIIAz02225
Trichoderma harzianum THO1

Azotobacter vinelandii DSM 2289
Bacillus amyloliquefaciens LMG 9814
Bacillus sp. BV84

Pseudomonas fluorescens DR54
Rahnella aquatilis BB23/T4d

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

Three microbial consortia

inoculants named MC A, MC_B,

and MC_C were developed in

which a specific function was

represented by at least one

member

* nitrogen fixation

« P-solubilisation

* biocontrol

« amylolytic activity

e auxin or auxin-like compounds
production

19



The use of bioactive compounds

- To reinforce the inoculum and favour plant growth under greenhouse and field

conditions, bioactive compounds were considered

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

hydrolysate
B plants ey

2o SIMBA

Review

Biostimulant Properties of Seaweed Extracts in Plants:
Implications towards Sustainable Crop Production

Plants 2021, 10, 531. https:/ /doi.org/10.3390/plants10030531

Improved plant phenotype

- Starter effect for seedlings

- improved root growth and density

- Increased chlorophyll content,
photosynthetic rates & stomatal
conductance

~Increased leaf numbers, plant height
and vigour

« Higher flower numbers per plant

- Greater fruit set numbers per plant
- Prolonged flowering and bearing

Tolerance effects

- Priming effects/tolerance for biotic
stresses
-insect pests, nematodes
-microbial pathogens (fungal, bacterial
and viral)
« Priming effects/tolerance for abiotic
stresses (salinity, drought, freezing)
g o :

“Soil crumb structure & aeration
improvements

-Increased a & B diversity in soil and
root microbes

~increased population of beneficial
microbes

- Increased enzymatic activity
(hydrogenase, invertase, urease,
proteinase, polyphenol oxidase &
phatase)

Modulated pathways

of

genes (GA,IAA & CK)
- Modulation of defense signalling
pathways (SAJA & ET)
- Modulation of ABA mediated signalling
ing-related

- of
genes

- ion of root
genes

Produce Quality

- Increased fruit weight and flesh thickness &
firmness vibrant colour and higher mineral
content

- Increased Vitamin C, TSS, total phenols,

anthocyanins, total protein, fructose &
sucrose
d shelf life, i fruit

and post-harvest infestation

Nutrient Acquisition

- Root structure alteration

- Efficient use of soil water

- Increase micro/macro mineral content
in roots and aerial plant tissues

- Rooting promotion in cuttings

- Increased nutrient use efficiency

- Increased uptake of macro and micro
nutrients




In vitro test single microorganism- bioactive
compounds

BS1
MC_A

BS1
MC _THO1

Agro-industrial
residues
Plant-derived protein
hydrolysate

» bioactive compounds can promote the growth of beneficial

microorganisms



Prebiotic effect of BS2 (cell-wall protein hydrolysate) on T.
harzianum THO1 growth in starvation conditions

10

9

@

THO1- WA

1

n THO1 - WA + BS2 10ppm
= THO1 - WA +BS2 100ppm
m THO1 - WA + BS2 1000ppm

I m THO1 - WA +BS2 10000ppm
= THO1 - PDA

0
24h 48h 72h

Overall, in vitro results showed that the presence of bioactive compound BS2 fostered a rapid
increase of the number of beneficial microorganisms in starvation conditions, favouring the
colonization and survival of strains under greenhouse and field conditions.

~

N

N w -

Mean values of radial growth (cm)
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Conclusions A ;S'MBA

SUSTAINABLE INNOVATION OF MICROBIOME
APPLICATIONS IN THE FOOD SYSTEM

» Three main synthetic microbial consortia, common to all four crops, composed by
bacteria, yeast and fungi with different functionalities, were identified

» Bioactive compounds are promising in favouring the colonization and survival of
the microbial inoculants under greenhouse and field conditions

» Preliminary results of ongoing activities suggest that MC, applied alone or in
combination with char and/or Arbuscolar Mycorrhizal Fungi, can improve yield and
quality of crop plants

Exploiting the efficacy in greenhouse and field trials
of the combined MC-bioactive compounds, as well as
their overall ecological impact on the native sail
microbiome, will permit to define new plant
biostimulants for a more sustainable and resilient
agriculture.




Work in progress . SlMBA

SUSTAINABLE INNOVATION OF MICROBIOME
APPLICATIONS IN THE FOOD SYSTEM

Greenhouse experiments and field trials in Italy and Germany
Evaluation of the effect of PGPMs application on the soil/rhizosphere microbiome

The identification of a spectrum of metagenomic biomarkers (taxa, SNPs and
metabolic modules) to be exploited as bioindicators of soil quality and fertility

Maize in ltaly

Drone pictures from the experimental farm Wiesengut (Germany.

24



SIMBA CONSORTIUM

23 PARTNERS IN
11 EUROPEAN COUNTRIES

£JSIMBA

SUSTAINABLE INNOVATION OF MICROBIOME
APPLICATIONS IN THE FOOD SYSTEM

Thank youl!

CONTACT US:
Head of AgriFood Sustainability, Quality and Safety ENEA Laboratory

SIMBA WP2 Leader
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