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Summary

Task 2.1 focused on the detailed planning for recovering microbial communities from the

rhizospheres of barley plants grown in various locations and organizing microbiome transplant
experiments under controlled conditions.

This involved:

Selecting barley varieties for analysis.

Identifying locations for collecting microbial communities.

Determining the development stage of the microbiome donor plants.

Planning the number of plants needed for sufficient material fro the transplantation.
Establishing tests to verify the preservation state of microbiomes.

Analysing and selecting microbiomes for transplantation.

Outlining procedures for collecting root exudates.

Developing seed inoculation methodologies.

Defining conditions (substrate, fertilization, abiotic stress) to be tested on growth chambers and
greenhouses

The strategies for each aspect are detailed in Deliverable D2.1.1.
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A. The varieties of barley to be analyzed:

It was decided not to select a specific type and variety of barley to ensure that the experimental procedure
developed can be applied to a wider range of barley varieties in the future.

B. The locations for collecting microbial communities:

The sampling areas were chosen to cover all the regions involved in the project. In total there will be 8
sampling location and will involve experimental fields of public entities and private companies. The chosen
locations are listed below in Table 1. LP, PP3 and PP4 will be involved in the samples collection and LP
and PP4 will perform rhizosphere purification and storage of the samples in their facilites

Table 1:

CEDRIC PLACE OF SAMPLING (ITALY and AUSTRIA) CODE for Location

ITA; Orsaria (UD); Lat. 46.04073 , Long. 13.37013 A

ITA; Basiliano (UD); Lat. 46.007722 , Long. 13.100889

ITA; Fiume Veneto (PN); Lat. 45.9149167 , Long. 12.715722

ITA; Piacenza d’Adige (PD); Lat 45.1446660, Long 11.5616050

AUT; Oberhofenl; N:47,29992, E: 11,10233

AUT; Mieming; N: 47,29552, E: 10,96574

T Q = g al =

AUT; Oberhofen2; N: 47,30442, E: 11,09942

AUT; Imst; N:47,22198, E: 10,7410 1

C. The development stage of the microbiome donor plants:

Roots sampling to recover the rhizosphere compartment is scheduled for May/early June 2024; The barley
plants will be in the “late heading, full maturity” stage

D. The number of plants to be collected to obtain enough material for the transplantation
A pilot experiment is foreseen for April 2024 to gather information on

e The amount of rhizosphere microbial biomass that can be obtained from a specific quantity
of roots.
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e The best rhizosphere preservation methods to maximize biodiversity recovery (including
bacteria and fungi).

The experimental field of ERSA (AP) in Basiliano (UD) has been selected as the location for the pilot. The
preliminary protocol for the pilot experiment includes:

1. Collect large clods containing multiple plants to ensure better preservation during transportation
and processing in the laboratory.

2. Collect plants from a field area of 0.5m?

3. Divide the collected samples into three parts and follow different strategies for the recovery of the
rhizosphere:

e cleaning of the roots by hand, washing, sonication and elimination of the roots. Use
the Rhizosphere Suspension obtained to collect the rhizosphere as Microbial
Suspension and to recover the rhizosphere soil through drying,

e cleaning of the roots with strong shaking, washing with and without sonication and
elimination of the roots. Use the Rhizosphere Suspension obtained to collect the
rhizosphere as Microbial Suspension and to recover the rhizosphere soil through
drying,

e cleaning of the roots by immersion in water, washing without sonication, use of the
blender to maintain the root materials inside the Rhizosphere Suspension. Use the
Rhizosphere Suspension obtained to collect the rhizosphere as Microbial suspension
and to recover the rhizosphere soil, containing the root residues, through drying.

4. Calculate the CFU obtained with the 3 methods by plating serial dilution on TSA (Tryptic Soy
Agar)

5. The 4 preservation methods to test will be:

1. Preserve Y4 of the Rhizosphere Suspension as it is as glycerate at -80°C.
2. Centrifuge Y4 of the Rhizosphere Suspension (10’ at 5000 rpm) and resuspend in 1/10 of
the centrifuged volume. Preserve it as glycerate at -80°C.
3. Centrifuge Y4 of the Rhizosphere Suspension (10’ at 5000 rpm) and resuspend in 1/10 of
the centrifuged volume in PDsA (Potato Dextrose soft Agar) and store it at +4°C.
4. Air-dry the remaining % of the Rhizosphere Suspension to recover the rhizosphere soil as
Recovered Soil and store it:
- 1/3 as it is at +4°C (dry material containing microbial biomass, humic substances and
particulates).
- 1/3 combining it with the same volume of 20% glycerol at -80°C.
- 1/3 combining it with PDsA at +4°C.

6. After 1 week of storage check the cfu by serial dilution and plating.

This Pilot experiment will end up in the “CEDRIC microbiome collection PROTOCOL” that all PPs will
use to collect the materials.
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E. The number and type of tests to verify the state of preservation of the microbiomes (highly
biodiverse and complex samples):

Aliquots of the rhizosphere samples preserved in glycerol will be immediately analyzed for microbial
biodiversity at the bacterial and fungal levels. This analysis will represent the starting line, the Time 0, both
for experimentation on conservation methodologies and to allow the choice of places with which to proceed
with the experimentation referred to in point (f). The investigation into the preservation of microbiomes
will proceed in September/October, 3-4 months after sampling and storage, performing the bacteriome (via
16S rRNA gene amplicon library barcode sequencing) and mycobiome (via ITS2 amplicon library barcode
sequencing) analysis on the different stored aliquots described in point (d5). Microbiome analysis will be
complemented by viability checks of the aliquots preserved under different conditions through serial
dilutions and plating. Similar checks (microbiome analysis and CFU counting) will be conducted after 10
and 20 months to monitor the viability of the microbes and the preservation of the microbiome.

F. Analysis needed to select microbiomes for transplantation:

Rhizosphere samples stored at -80°C in glycerol will be analyzed immediately for microbial biodiversity.
To check homogeneity of the DNA extraction process (using the Qiagen, DNeasy PowerSoil Kit), samples
will be exchanged between LP and PP4 and each laboratory will proceed with DNA extraction. DNA
samples will be exchange again and bacteria amplicon libraries will be constructed at LP facilities while
the ITS library construction will proceed at PP4 facilities. Library sequencing will be performed using
NGS (Next Generation Sequencing ) technologies and microbial communities inhabiting the rhizosphere
of barley in the different localities will be characterized by a and b diversity, more abundant and specific
contributor genera and other parameters using the bioinformatic pipeline elaborated by bioinformaticians
using Silva database and programs, algorithm and packages and servers as Qiime2 v2020.11, DADA?2
v1.18.0, Phyloseq, R, fastspar and Galaxy. The complete composition of all microbiomes will be evaluated
both at bacterial and fungal level and a maximum of four (4) localities, characterized by particular microbial
composition (biodiversity - characteristics of the microbial community and its abundance), will be chosen
as DONOR MICROBIOMES for in vitro (growth chambers and greenhouse) transplantation. This step will
be carried out in July — September 2024

G. The procedure for collecting the root exudate:

It was decided to collect barley root exudates from plants grown under normal and in Fe deficiency
conditions. Barley seeds (Hordeum vulgare L., cv ‘Europa’ provided by V. Rémheld, Hohenheim
University, Stuttgart, D), will be rinsed with milliRo water and then will germinate on float system
polystirol support (filled with perlite) soaked by 0.5 mM CaSO; solution (250x150 mm support with 400
seeds will float on 5 L of 0.5 mM CaSOsin a dark plastic pot). During the germination period, seeds will
be covered with filter paper moistened with 0.5 mM CaSO4 and with plastic film. The germination will take
4 days in growth chamber under controlled climatic condition (24 hours dark, temperature (day/night)
25/20°C; RH 70 to 80%).
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Barley seedlings will be transferred on an aerated Fe-free nutrient solution and grown for 21 days in the
same 5 L dark plastic pot. The Fe-free nutrient solution will contain the following nutrients: Ca(NOs), 2
mM; MgS0O; 0.5 mM; K,SO4 0.7 mM, KC1 0.1 mM, KH,PO4 0.1 mM, H;BO; 1 uM; MnSO4 0.5 pM;
CuSO0s 0.5 puM; ZnSO4 0.5 uM; Na,MoO4 04 0.01 pM. As control, Fe-sufficient plants will be grown on
the same nutrient solution described above with the addition of 100 uM Fe-EDTA. The controlled climatic
conditions will be the following: day/night photoperiod, 16/8; light intensity, 220 uE m™2 s!; temperature
(day/night) 25/20°C; RH 70 to 80%.

At the end of the growing period (25 days), which will correspond to early tillering (vegetative stage),
Fe-deficient plants will clearly show visible symptoms of Fe deficiency: yellowing of the fully expanded
apical leaves, proliferation of lateral roots and root hairs, increase in the diameter of the sub-apical root
zone, inhibition of primary root growth, and reduction of shoot:root ratio. This vegetative stage has been
chosen as the amount of root exudates released by Fe-deficient barley are high. Four hours after the
beginning of the light phase, root exudates will be collected. The roots of 25 days old barley plants will be
transferred into 400 mL aerated milloRo water for 4 h from 11:00 up to 15:00 (a period of high
phytosiderophores release). Then root exudates will be filtered through a Whatman WCN 0.2 pm membrane
filter and then stored at —20°C and transferred to PP3 for seed treatments.

H. The seeds inoculation methodologies:

The 4 samples defined as DONOR MICROBIOMES will be provided as microbial suspension in buffer
solution to PP3 for seed coating. The microbial suspension will be approximately 10° cfu/ml (the number
is approximative because consider just cultivable bacteria). The coating will take place through the
BioPriming methodology which combines the benefits of priming with those of microbial inoculation,
enhancing seedling growth and protection against pathogens. Briefly seeds will be soaked in a suspension
of microorganism at a known concentration (1076 to 10"8) for a specific duration (4-6 hrs) and incubate at
28°C to facilitate the colonization of microorganisms. After soaking, the seeds will be placed on paper and
dry under sterile conditions to avoid contaminations and, once dried, the seeds will be used immediately
for sowing or stored in a cool, dry place until needed. The coating will be carried out before October 2024.
At the end of the coating procedure, part of the seeds will be used by LP and PP4 to check the efficiency
and biodiversity of the coating by microbiome studies (NGS) while the rest will be used by PP2 and PP3
for the growth chamber tests.

I. The conditions (soil, fertilization, abiotic stress) that will be tested in controlled regime
(growth chambers and greenhouses)

This experimental part will be divided in 2:
o At first, a screening in planta experiment will be carried out to select the most promising
rhizosphere microbiome and exudate preparations to be then applied in future experiments.
To this regard transplantation screening experiments will be carried out by PP2, PP3 and PP6 and
will involve:
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e amaximum of 4 DONOR microbiomes, chosen based on the results of the analyzes in point (f)
e amaximum of 2 root exudate preparations, obtained and characterized by PP1

Bioprimed treated and untreated (controls) barley seeds will be germinated and transplanted in 24
pots racks containing a sterilized artificial substrate, composed by 50% sand and 50% perlite. The inert
substrate will be functional in the manipulation of the abiotic stress conditions to be imposed on barley
seedlings. Treated and untreated plants will be subjected to different growing conditions through different
fertilization regimes including irrigation with standard NS (Nutrient Solution, Hoagland Solution), nitrogen
depleted (-30%) NS, nitrogen depleted, and protein hydrolyzed enriched NS; iron depleted NS and high
salty NS.

Treatments, in standard and stressed condition, will be divided and run in PP2 and PP3 facilities. A further
test in non-stressed condition will be conducted by PP6 combining the DONOR microbiomes tested by PP2
and PP3 with a biochar carrier and a bio-stimulant. Also, in this case the substrate will be a sterile
sand/perlite 50% combination and all the controls needed to evaluate the rooting of the microbiome in the
different conditions (- sand/perlite, -sand/perlite and Biochar, - sand/perlite, biochar and biostimilant) will
be introduced. At 30 days after sowing, plants will be uprooted, and biochemical,morpho-physiological and
microbiological measurements will be carried out to assess the effects of treatments (microbiome and root
exudate transplanting) in barley first development stages in normal and in abiotic stresses.

From the morpho-physiological standpoint, plants will be assessed for growth parameters (i.e.,
accumulation of root and shoot biomass), root system architecture and SPAD index. At biochemical level,
the activity of the enzymatic antioxidant system and the ionomic profile of plants tissues will be also
determined.

The microbial flora that will populate the roots of the transplanted plants will also be analyzed for the
bacteriome and mycobiome to identify the most successful microbiome in colonization and abiotic stresses
dealing. The analysis of this data will allow us to choose the 2 best performing treatments and the abiotic
stress conditions in which they give the greatest benefits to the crop.

Inoculants (microbiome and/or root exudates) will be prepared by LP, PP1 and PP4; plant growth will be
carried out by PP2, PP3 and PP6 between October 2024-February 2025 and will use approximately 1500
young plants and growth chamber space for 1 month. Analysis will be conducted by LP, PP1, PP2, PP3,
PP4 and PPo6.

On the bases of the results obtained in the screening experiment, the best performing treatments will be
selected and used for the next trial aimed at addressing the dynamic of the transplanted microbiomes during
the entire growing period of plants in pot with soil. At 30, 60, 90 and 120 days after sowing, plant samples
will be collected and biochemical and morpho-physiological measurements will be carried out to assess the
effects of treatments (microbiome and root exudate transplanting) in plants growth in pot and in soil. From
the morpho-physiological standpoint, plants will be assessed for growth parameters (i.e., accumulation of
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root and shoot biomass), root system architecture and SPAD index. At biochemical level, the activity of the
enzymatic antioxidant system and the ionomic profile of plants tissues will be also determined.

Shoot samples will be used for plant RNA purification while rhizosphere will be used to purify microbial
DNA. Microbial DNA samples will be used by LP and PP4 to evaluate microbial diversity and community
composition through amplicon sequencing (16S rRNA gene and ITS2), while RNA will be used to test the
physiological state of plants (PP2) in order to obtain a holo-omics overview of the effects of microbiome
and root exudate treatments on plants and rhizosphere in different conditions.

To this end, the experimental design involves testing a maximum of 2 treatments (between microbiome
transplantation and treatment of root exudates) in greenhouse in the conditions that gave the best result in
the previous trial (growth chamber). This experimental part will be carried out between February and June
2025 by PP1 and PP2 and will use approximately 140 pots, 700-900 plants and green house space for 3
months. Analysis will be conducted by LP, PP1, PP2, PP4,

In both phases the number of plants treated in the different time points will be sufficient to obtain statistical
valid data and results: for microbiome transplantation detection, on which the project is focused on, each
treatment and time point will be analyzed using 5-6 replicas.



