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Programma della giornata

VENERDI19DICEMBRE
AulacCdellaScuola di Agraria

Piazzale delle Cascine, 18 - Firenze

Welcome Meet & Cheers

Ph.D. Edition

L'evento, organizzato dal Corso di Dottorato in Scienze Agrarie e Ambientali (SAA) dell'Universita di Firenze,
vuole facilitare la conoscenza tra dottorandi e lo scambio di esperienze e idee. A questo si aggiunge
l'intersezione con il mondo della libera professione attraverso 'incontro con alcuni/e rappresentanti

dell’Ordine dei Dottori Agronomi e Dottori Forestali di Firenze.

Programma

15:00 Benvenuto e saluti del Presidente del corso di Dottorato in Scienze Agrarie e Ambientali, Prof. Carlo Viti
& del Delegato Al Dottorato Di Ricerca di UNIFL, Prof. Stefano Cannicci

15:15 | dottorandi del XXXVl presentano le loro attivita di ricerca
16:45 Storie di Ph.D. con la Dott.ssa Carolina Fabbri (PhD, attualmente presso Yanmar R&D Europe, Firenze)

17:15 Tavola rotonda: Il fabbisogno di ricerca dei liberi professionisti @ come i programmi di ricerca si
relazionano con il mondo professionale. Con Fabio Burroni (Dottore Agronomo ODAF Firenze), Andrea Triossi
(Dottore Agronomo, Agrid), Anna Dalla Marta (Prof. Associato, DAGRI-UHNIFL), Gaio Cesare Pacini (Prof.
Associato, DAGRI-UNIFI), Riccardo Bozzi (Prof. Ordinario, Presidente della Scuola di Agraria di UNIFI).
Modera: Elisa Corneli (Presidente di Chiantiform)

(dottorandi dei cicli X20{X, XL, XLI) e brindisi finale

s

]

L'evento & aperto a studenti di corsi di laurea triennale e magistrale che \.r;:lglium conoscere il percorso di
studio di terzo livello (dottorato), docenti e ricercatori che desiderano conoscere le tematiche di ricerca degli
attuali cicli di dottorato o cercare un momento di confronto e scambio.

Ai Dottori Agronomi e Forestali che parteciperanno saranno riconosciuti i crediti formativi come da
normativa nazionale

Registrati entro mercoledi 17 dicembre: https://forms.gle/pgxl\WwRGehuKb9Zo8
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Presentazioni Dottorand3 del
38° ciclo

Cosimo Beltrami:Marginal area valorisation: chestnut-derived products for plant

biostimulation and protection

Luca Bernabd: Purple non-sulfur bacteria: ideal microbial cell factories for
biotransformation of agro-industrial wastes into high-added value molecules

Sara Campigli: Role of the exopolysaccharide levan in the life cycle of
Pseudomonas syringae pv. actinidiae biovar 3, a phytopathogenic member of the
bacterial community of Pseudomonas sp. associated with kiwifruit

Roberta Ferrante:Development and implementation of genetic indicators of
biodiversity

Michele Moretta:Crop productivity and sustainability of Agro-Voltaic systems in
response to climate change

llaria Santi:Effetti interattivi del riscaldamento globale e della gestione sulla
diversita vegetale delle comunita del sottobosco e il microclima delle foreste
mediterranee

Francesco Serafini: Circular agroecology in practice: research pathways from
long-term experiments to soil biodiversity

Andrea Viviano: Plants, carbon dynamics, and ozone pollution

Moderatori: Lorenzo Ferretti e Luca De Guttry



Roberta Ferrante: Development and implementation of genetic indicators of
biodiversity

Graphical abstract
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Michele Moretta: Crop productivity and sustainability of Agro-Voltaic systems in response
fo climate change

Graphical abstract
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llaria Santi: Effetti interattivi del riscaloamento globale e della gestione sulla diversita
vegetale delle comunita del sottobosco e il microclima delle foreste mediterranee

Abstract

Forests play a fundamental role in sustaining biodiversity and regulating the terrestrial climate, yet the
understorey — the forest layer composed of woody and non-woody vascular plants below a threshold height
of ca. 1 m —is increasingly affected by the combined impacts of forest management and climate variability.
The buffering capacity of forest canopies mitigates exposure to macroclimatic extremes, but this function is
highly dependent on canopy structure, management intensity, and edge proximity. Understanding how these
local drivers interact with climatic stressors is therefore crucial for predicting ecological responses and
guiding adaptive management strategies. This thesis investigates how forest management, canopy structure,
and climate jointly influence microclimatic conditions and, in turn, shape the taxonomic, functional, and
phylogenetic diversity of understorey plant communities across temperate European forests, with particular
emphasis on Mediterranean forests due to their high ecological significance. In Chapter 2, the effects of
forest management on microclimate and diversity in a mediterranean oak forest were analysed. Open-
canopy stands significantly reduced air-temperature buffering, particularly in spring, due to limited canopy
closure and lower stand density. Dense canopies, in contrast, stabilized near-ground thermal conditions and
maintained higher humidity. Coppiced forests were therefore more tightly coupled to macroclimatic
fluctuations, while high forests buffered understorey biodiversity against warming and drought stress. Forest
management practices, such as coppicing and thinning, induced pronounced changes in the taxonomic,
functional, and phylogenetic structure of understorey communities. Canopy opening promoted generalist,
thermophilous, and light-demanding species, leading to increased species richness in Mediterranean-type
temperate forests. However, functional diversity declined under disturbance: coppiced stands were
dominated by species with higher leaf dry matter content (LDMC) and reduced interspecific trait variability.
This pattern indicates strong environmental filtering toward conservative strategies, ultimately resulting in
lower ecosystem resilience. Consistently, phylogenetic diversity was reduced in coppiced forests across
southern Europe. In Chapter 3 the effects of forest management on intraspecific trait variation were
examined in two mediterranean oak forests. Coppicing influenced intraspecific trait variation, generally
enhancing phenotypic variability and plasticity across species. Morphological and physiological adjustments
reflected adaptive strategies to altered environmental conditions, with consistent shifts toward smaller leaves,
lower specific leaf area, and greater stress tolerance. Although generalist and specialist species often
exhibited similar directions of trait change (e.g., both reduced their leaf area in coppiced stands), 1 species-
specific responses were also apparent, underscoring the complex interplay between functional strategies and
environmental heterogeneity. Overall, these findings indicate that forest management can either enhance or
constrain intraspecific variability depending on environmental heterogeneity and resource distribution,
ultimately shaping species’ adaptive potential. Finally, in Chapter 4 the effects of forest management and
stand structure, climate-change drivers— specifically warming and drought—and their interactions were
assessed in Central European temperate forests. Plots subjected to higher drought intensity showed stronger
declines in species evenness and specialist richness. Open stands amplified the negative effects of warming
on community evenness, driven by the increased dominance of thermophilous species under more open
canopies. In contrast, phylogenetic diversity increased more markedly in plots experiencing greater canopy
cover loss, while phylogenetic dispersion declined more strongly in plots exposed to higher temperature
increases. Overall, these results highlight the pivotal role of canopy structure and local microclimate in
mediating the combined effects of forest management and climate change on understorey communities.
Maintaining structurally complex forests may therefore be an effective strategy to preserve biodiversity and
sustain ecosystem functioning under increasingly severe climatic stress. This thesis provides a valuable
framework for nature-oriented forest management and offers a foundation for future research addressing the
interactive effects of management and climate drivers, particularly in Mediterranean regions, where empirical
evidence remains comparatively scarce.



Francesco Serafini: Circular agroecology in practice: research pathways from long-term experiments to soil biodiversity

Graphical abstract
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Andrea Viviano: Plants, carbon dynamics, and ozone pollution

Abstract

Tropospheric ozone (O;) is a widespread phytotoxic pollutant that constrains plant physiological
performance, alters carbon allocation patterns, and threatens forest functioning under current and
future atmospheric scenarios. This dissertation develops an integrated, multi-scale framework to
quantify O effects on woody species by combining controlled fumigation experiments, trait-based
modeling, long term field observations, and high-resolution growth analyses. Free-Air Controlled
Exposure (FACE) experiments on ornamental and forest species show that flux-based metrics
outperform concentration-based indices in predicting ecophysiological responses. In particular, the
Leaf Index Flux (LIF), which integrates stomatal O, uptake (POD,) with leaf structural investment
(leaf mass per area), consistently shows higher explanatory power for photosynthesis, respiration,
chlorophyll status, and photochemical efficiency, highlighting the importance of coupling
physiological fluxes with morphological traits in O risk metrics. Experiments on Robinia
pseudoacacia further demonstrate that rhizobial symbiosis mitigates O injury by reducing stomatal
O, uptake and buffering biomass losses, resulting in higher critical levels compared to O-sensitive
species. Across a broader range of woody taxa, O, induced biomass reductions are species and
functional type-dependent, with belowground compartments showing the highest sensitivity,
suggesting that O; affects not only total carbon accumulation, but also its distribution among plant
organs. Field-based assessments integrating sap flow measurements refine stomatal flux estimates
and improve the prediction of O,-visible foliar injury, supporting the revision of critical levels using in
situ physiological data. Finally, high-frequency dendrometric analyses coupled with rolling partial-
correlation approaches indicate that dendrometric time series can be effectively used to explore
short, sub-monthly periods during which ozone exposure may be associated with variations in
irreversible radial growth. These associations emerge primarily at fine temporal scales and tend to
be progressively attenuated when growth and ozone signals are aggregated over longer windows.
Overall, this study highlights the potential of integrating site-specific ozone flux estimates with high-
resolution dendrometric data to improve the interpretation of ozone-growth relationships in mature
Mediterranean beech forests. This work supports the adoption of physiologically-based, flux-based,
and temporally-explicit frameworks as a robust basis for improving ozone risk assessment in forest
ecosystems.
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Hydrogen production in bio-electrochemical
systems with purple non-sulfur bacteria

Introduction Methodology

Bio-electrochemical systems (BESs) are nhase I: Effect of cathodic polanzation -\n l’f-Phase I: Use of redox mediators
promising tools that exploit microbial

electron transfer i drive energy-producing = 03V, DAY, 0BV (vs AgfagCl) » 08N (vs aglapd)

reactions and could support the valorization
of organic waste streams such as brawer's

* controls: non-polanzed + abiotic contnal

* gontrols: non-polarized
= 8005 as redox mediator

waste [EW). Purple non-sulfur bacteria Reacior setup
(PMsB), especially  Rhodopssudomonas Reactor setup
palustris, hawe wersatile metabolisms, but = Strain: R polustris &20L
their electroactivity is still not fully = Configuration: 250mL single-chamber, sierile * Strain: R palustris 4200
understood?. BW, anaenobic, continuous illumination ~ Configuration: 250mL doubla-chamber,
. anaerobic, continuous illumination, acetic
Alm A B Lo owe acid as carbon source

= Determine whether R polustris 200 can
efficiently uptake electrons from a
biocathode.

i in  enhancing

» Bvaluate if redox mediators can strengthen
microbial-electrode  interactions by
facilitating electron transfar.
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» Electroactivity confirmed via OV and C&; the addition of A005 further strengthened cell-electrode interactions.
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transcriptional data.
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Effects of water stress on agronomic, morphological and physioclogical
parameters of maize hybrids with different drought tolerance

Andrea Carli*, Leonardo Verdi, Graziano Ghinassi, Giulia Pastacaldi, Roberto Vivoli, Anna Dalla Marta

Department of Agricultural, Food, Environmental and Forestry Sciences and Technologies, University of Florence
*andrea.@rli@unifi it
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Mzize [Zew moys L) is = crop of primary global importance, widely used for human and animial consumption » Estimate demand and caloulate water productivity.
as well 3= for industrial and enerzy purposes. Due to its hish water requirements, maize production is v Azsess the Cezree of water stress resistance of
increasingty challenged by climate change, particulardy as a result of reduced minfall during growth sEges drought-tolermnt hybrids.

most sensitive to water stress. In this context, the adoption of drought-tolemnt (DT) hybrids combined with « Understand  the sgronomic, morphological and
defidt img=tion strategies, aimed at optimising imgation volumes without escess, represents 2 key approach pinziologicl responzses of hybrids to different levels
to improwing water use efficiency and preserving water resources. of water avilability.

. .

ﬂ Agronomic and physiological surveys

Experimental field and treatments

»  Phenclogy; height; canopy cover (CC); leaf area and morphology.

= CREA "Fagna” experimental farm [Scrperia, F); sandy-losm soil.
. 'u'iug':lzrl:i'u: 'ii:gnur d'ulnrnphyll' RO

= 3 years of field trials: 2024 - 2025 - 2026.
= 4 maize hybrids [FA0 300-200; DT vs comventional)

POZ1T [400_DT) — POT29 [200) — PEEES (300_DT)— PEI63 | 300).

= Treatments: full irmigation [|y), deficit irigation (I}, rinfed {1,).

= lrrigation management: drip irrigation; ET; [Penman—donteith) = K_
lyng, = ET, — rmimfall; by = 5078 |

* 3 replicates; 36 plots (22 m* f plot).

*  Leaf physiclogy: FWC; stomatal conductance (G, and transpiration; $P5I.
= Multispectral and thenmal images.
= Stomatal micromorphology: density and stomatal index, shomatzl size.

vield parameters 1

= Grain yield [GY) and biomass.
= Harvest index [HIjL

= Water productesity [WF).

= 1000 KW and ear size. o
= Grain gquality: stanch, lipids, proteins.

= Plant height and cinopy cover decrease with water stress.

= DT hybrids maintain greste=r height and canopy cover under RF.
*  One fewer leaf is formed under water deficit. =

« P07 shows the best stay-green under Defict

and Rainfed. -l e
= NIV trends mirmor chlorophyll index pattems. 0 s
5 |-
a s Ruinise i' . I
[ a
&b
o | ke g ed "
" _H R
T | 1Ot B
B 1 E—_ Ty ! == L] — =
. - il | L - an
w | - " = [n 2025, GY did not decrease under |
bl | _ = Water productisity was bower under full irrigation.
: C
P .-f.-?“ﬁ'”.f Fa s | R “B= L e T B W, W e W
— . e )
. ! . les PEmT 13JT 2330 01 344 semm 058 MBI Q55 244
G,umilnhfdnutnhytl‘reahaﬂd:-urfam.cm - | : e zira oA sm ez s omn am

a1 TFER OB aa) B W dd oW

in PO363. — .

. inz ! ba POTEE 1253 ZLE DM 3 BEME 1141 WT 0¥ 2
Leaf water cortent remains unchanged under Y [~ oy e anre fae es s wasr e aa
deficit conditions. I R I L R R R k AN BWM oM aM B3 547 081 &M

Rainfall during the flowering and early ear formation stages enabled high yields even with a 50% reduction in inrigation

combining deficit irrigation with DT hybrids can enhance both economic and emwironmental sustainability
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Assessment of soybean water productivity and grain

yield under optimal and regulated deficit irrigation
Pastacaldi G., Ghinassi G., Verdi L., Dalla Marta A.

Introduction

Soybean [Glycine max (L) Merr) is the fourth largest cultivated crop (FAOSTAT, 2023). source of protein and fat for both livestock and humans, but it is also high-water
requiring orop. To prevent water loss and environmental damage caused by over-irrigation, it's importznt o

- Reducs the wvolumes of irrigation water applied;
- Dewelop relisble tools for estimating cop and net imigation water requirements.
- Combine zzronomic knowledee with proximal and remote sensors as non-destructive methods of evzluating water stress and optimising irrigation scheduling.

Dbjectives

The zims are to: [3) examine the efects of varying water regimes, full irrigation
[FI} and regulsted deficit irrigation [RDM), on soybean productivity and seeds
guality; |b) sssess how changes in plant water status affect camopy spectral
reflectance and wegetation indices [Vis); [c] aszess of soybean health and water
satus wia remote sensing and proximal technologies, welidated with in situ
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Materials and methods

& tweo-year experimental field (2024 and 2025) was set in Chiznaooe [Arezzo).
Two imrigation trestments wene applied:

Ti. F, 100% cumulative evapotraspirative balance:

T2. RDI, 70-100-70% Fl during srowing, flowering, and maturation respectively.

Crop health and water status parameters wene monitored during the whole
prowing cycle:

» Chlorophyll index

* Normalized Difference egetation Indes (MDWVI)

» Canopy Cover Preliminary results

= Crop height - Crop height and NDVI show no significant differences between Fl and RDI in
» Stomatal conductance, fluorescence, leaf temperatune 2024 and 3025, but canopy cower and chlorophyll index do. starting from
* Wiz and leaf temperature from muoltispectrzl and thermal camera inflorescence stage in 2024, a trend confirmed in 2025. Fl assumes higher

valuwes than RDI, except for chlorophyll index.
- There are no differences in stomatsl conductance. but Auorescenoes values

4 e e # M v i
m ml aa J are significantly higher fior Fl than for RDI.
. T" .i.lp - In 2024, RDI productivity and quality achieved higher values than Fl, but mot
L & F ne . significanthy. In 2025, RDl was more productive than Fl, significntly so for
E i a ; "l [] ' biomass and water productivity (WP}, but not for yield and hares: index [HI).
%- . . . . 3] o - The anabysis of multispectral and thermal images from camera and satellite is
¥ o - g currently underway
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The optimization of the contemporary plant-soil feedback
under legume-cereal intercropping systems

. PhD candidate: Blccardo Pleons’’ |
Supervisore: Shamina lmfan Pathan', Giacamo Pletramellara”, Georg Guggenbengper”,
"University of Florence, *University of Hannowver
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MICROALGAL CULTURES FOR OBTAINING RAW MATERIALS FOR BIOSUSTAINABLE

INDUSTRIAL AND FOOD APPLICATIONS

PhD Student: Lorenzo Reali

Research project
introduction

Supervisor: Prof. Liliana Rodolfi
Co-Supervisor: Prof. Natascia Biondi

Praduction af Application in industrial
: polysaccharides: fields: Increase afvironmental
il - iy fs -
plmmtmmrnhmm:n::@ni: » Starch » Mutraceutical Eu;ﬂﬁﬁazﬂlﬁ:éﬂf:E
TGOS S v [-plucans » Cosmelics E:‘:'EI":MEU P
+ Exppolysaccharides » Biomaterials '
| First Year PhD Activity Summary: ]
Screening Optimizing Testing -\

= Investigation of different strains for starch, B-glucan and
cxopolysaccharide production

= 200 mL wbes bubbled with an air:C0, mixture

= Cantinuous light of 160 pmel photon m? &7, 27 5C temperatuns:

= Cultieation in replete (all) and nitregen and phosphorous-
Il\._ depleted media [starch and beta-glucan trials)

= Starch accumulation dynamic
investigation in two selected strains

= Cultivation outdoors during July

» 7L bubble wbes with controlled
termpearalure [27°C)and pH [7.8)

» Biomaterial from marble

wiasle, Ca-/bicarbonate-
enriched microalgae biomass,
and pectin

» Exopolysaccharide rale in

maintaining microalgse

viability in the material _./JJ

p
Second Year PhD Activity
A

Analysis of samples from the screening

EPS production and recovery for analysis

-~

N/~

| Cultivation conditions |
Extraction with I I Extraction with
hot water
Exopolysaccharides J J

==

biomass

F-glucan
Precipitation
with alcahaol
L5 L tubes bubbled
Cruanification with phemnoal- Quartification with with &irsC0, mistune
analytical KIT

\ sulfuric acid method Qﬂmlnumuﬂ@l

\

Centrifugation of
the culture

\ utr&cl]l:m
' FIBE\!.n-dl“y‘ll‘lE @

~
A\ B

I'rlﬂdﬂ.ll'rl

Pﬂ}t&:chhﬂ!n

'n-anupuﬂwnn

EPS production in 6-L annular columns

EPS purification and characterization

Trials to increase EPS

from selected strain mﬂaﬁumli&n of EPS to remove

- salts and impurities on:
g = Cell-bound polysaccharide
Medium  Biormass eatracted from biomass

*  Freete-dried polysaccharide

collected from culture media
in Florenoe

Activity ot F&M Sy

» Twa differant batchoes

* Fluorescent ubes light
(250 prel photon m= &)

* Increasing Autrient lirmitation
\Eﬂﬂ: tempearature

b

= Batch regime
* Lad light: blue, red, violst, and
white (300 prmol photon mi? s7)

= Sovers N and P limitation
= 30PC temperature _//

Activity at University Clermont Auvergne

1 Characterization:
* Total sugon

= LUronic acids

= Meutral sugor

= Proteina

* Sulphate groups

O Monomeric composition

n_/
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LONG -TERM EFFECTS OF BIOCHAR ON VINEYARD SOIL: A MESOCOSM EKFEHIHEHT
Elizabetta Toni2, Matteo Daghio?, Alessandra Lagomarsino®, Roberta Pastoreliv, Francesco Prima Vacean<, Marco Fusd, Carlo Viti2
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* Dipamments o Scienze @ Teonoiogie ANMEMan, Agrane, AMivertall e FO/ESaEY, LNWVErsTs O Firenze, Pizzaie tele C350Ne 15, 50744, Frenze, Maly, Sisahalia iniguni e
* Research Centre for AQcutLre and EAronment, Consigha per ia RICSNGa In Agricaiura & FARals! oelEconomia Agrana (CREA-AA), Wa o Lanciot 12, 50125 Firenze. italy;
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* Dowe Marine Laboratory, Schoal of Nafural and Environmental Scences, Newtaslie Unversily, Newcastie, NE1 TRL, LI

INTRODUCTION

Biochar application plays an important role in mitigating greenhouse gas emissions. Adding biochar to soil can reduce levels emission of methane
(CH,), nitrous oxide (N,0) and carbon dioxide (C0,). In addition, biochar application to soils stimulates soil microbial activity. Previous studies have
also shown that biochar can alier microbial communities' structure, with positive effects on carbon and nitrogen cycles. Howewver, there is little
published data on the long-term behaviour of biochar in soil (Idbella =f &l 2024).

The present study aims to assess the effect of long-term application of biochar on GHGs emissions and bacterial community.
MATERIALS AND METHODS
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Integrating phenotypic, genotypic, and environmental data for predictive modeling in
durum wheat (Triticum durum Desf.) cultivation using Artificial In’relllgence T,
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BACKGROUND

* Develop a machine-learning predictive maodel for durum wheat yeld
and profein content based on phenotypio, genatic, and climatio data

s ldentify key genetic polymorphism fo oreale genolypes suited to
spercifia climates and agromnomia nasds liks yiald or protain cantant.

The Mediterranean area is m:p-urm:-cing rising temperatwres and reduced water
weailnbility, posing risks to durum wheat cultivation. Understanding how yield and
protein quality respond to differant envircnments & now essentinl to oplimize
agronomic praotices and limit potential losses.

With the growing awailobility of agronomic, climatic, and genomic data, machine-
learning npproaches hawe become incrensingly waluable. These algorithms loarn
patterns from complex datnsets, snabling the extroction of hidden relationships

and supporting more acourate, smvircnment-specifio agronomio declsions in MATERIALS & METHODS

Phenotyplo data: :E;:h:} cururn wheat varioties, 14 troits, collectsd over 24
yoors (1888-202%) in 703 inlian field trials (CREA).

Climate datn: Historical ERAS saries including radiation, GD0, precipitation,
moisture, soil water, wind, and temparature, provided s weakly means.
Genomic datn: 187 warleties genotyped for 25638 EMPs (T3 Wheat
dntabiase).

We evoluated multiple machine learning models Rondorm Forest, Linear
Regression, and Gradient Boosting.

dwrum wheat produation (Fig. 1)
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Figers 1. Mesline feor bg-dabe—criesn machine Bming in dumure wheat,
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Althowugh SV
nohiewed  slightly
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interpratability,

robustmness, speed,
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GWAS ON CLIMATE RESIDUALS

Twelve BNPs (Fig. 4) with LOD > 3 were located within reglons of
lonown QTLs" . Orearall, our SHPs fall within 73 QTLs, #4 of which are
proviously assoolated with yield, highlighting the relevance of these
loci for froit vaeriation. For protedn content, teshe SMPs (Fig. 4)
mapped to 58 known @TL regions, Inoluding 4 directly linked to
groin protein content. The rermaining QTLs may influence protein
lerwals indirectly through traits such as grain weight, which affects the
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Figurs 1. Top 10 weskly predicfors drieng

Forssd pr

for yeld and prolsin contenl, mnbsd by
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YIELD

Thee most important predictors for yield were
minimum temperature in oorly Maorch
precipitation in sarly Janunry, and o series of
soil-molsture and wind signals from mid-Apri
to labe June, highlighting the key role of early-
season temperature and late-season water
availability (Fig. O

the corr

vk nf S-a year,

PROTEIN

Protein ocontert was primarily driven by
maximum temperature ard precipitation in
eorly March togother with temperature-
and GDD-related vorinbles in late Moy to
early June ond soll modsture in mid March,
indicating a sitrong sensitivity of groin
protein formation to early-scason heat and
woter dynamics.

relative protein percentoge.

SUMMARY AND PROSPECTS

This appronch prowed reliabls, os significant SNPs
co-localzed with known QTLs. Tha plpelineg will
next bo applied to additional trais in the
phenotypic database, including thowsand-lernel
wolght and hoading date, and odended moross
hemogensous climatic zones to  ovaluate
differences in genetic signals wnder contrasting
pnvironmams. Climatic zones were  idandified
through consensus clustering: annual avernges of

Cror iy

PROTEIN

=. l"._

wonkly anvironmental variables weors olustersd
using k-means sonoss years, and tha results wars
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Figurs 4. Man-sfian plof of GWAS resulls cbfained uming the FARRMCPU modsl, showing
ENF mmocisfomne with peld ard profen conlent soroes e genoma.

Biblicgraphy:

Figurs 8. Clhrmatic sorem identfed vin conssnam
clustenrg o errual meemrss of wesbly venaslEn
Four sfabls chosfers wers obisnst poinks ars
oonred by aanigned choier.

cambined into & co-occurrence maotric. The most
stabls partition consisied of four clusters, which

wors then geoegraphically mapped (Fig. 51

1- Maccafarr, M, Harris, M.5., Twardziak, 5.0, ot al. {2078) Durun whoak gunama highlights past domasticabon signaturas and fubung Imiprovamant tanguis. Natura Goanetion
2 - Modnar, C_ of al. (2023 Study besomas insight: Enological learning from maching learning. Frontsrs in Ecology and tha Ersironmant.




Poster Dottorand3 del 40°
ciclo



A e @ CNRIBE

B [§ 1 571

er il

el | FIRENZE

.‘: ; Istitinte per La BloEconamia

Effects of Light Spectrum'on Growth, Biochemical Composition
and Hydrogen Production.in-Synechocystis sp. PCC 6803

Francesco Balestra. PhD Student DAGRI Unifi and Istitute of BioEconomy — CNF; Tutor: Dr. Cecilia Faraloni. istitute of BioEconomy — CNR;
Co-Tutor: Prof. Alessandra Adessi; Microbiologia agrania, alimentare e ambientale, (DASRI), UMNIF

Introduction
Light spectrum regulates photosynthesis, metabolism, and hydrogen (H;) production in cyanobacteria.
Among these, Synechocystis sp. PCC 6803 is a model organism to study and optimize photobiclogical
processes for bioenergy applications.

Objectives
* Test the effect of light spectrum (white, orange, blue) on growth and metabolism
* Evaluate pigmenticomposition and photosynthetic performance Light Treatments
* Assess hydrogen production under controlled conditions ORANGE BLUE WHITE

Experimental Procedure
Growth: Synechocystis sp. PCC 6803 was cultivated in glass tube
photobioreactor, in BG11 medium supplemented with marine salts
(35 g L") under controlled temperature, pH, and light intenisty
{200 pmoles photons m™ s1)

H, production: Cultures were placed in Roux
bottles under continuous LED illumination (200
pmoles photons m? s}, with O, absorbers,
monitoring redox potential, O,, pH, H, production

Measurements
* Growth (dry weight)
* Pigments (chlorophyll a, carotenoids) -
* Photosynthetic activity (fluorescence, ETR, NPQ / - —
* Biochemical composition FaS I
* Hydrogen production (GC analysis)
Results and Discussion

* Orange light enhanced chlorophyll content and _ 4, proddotts il chverss Sanghesss donds

photosynthetic capacity 1 ~
* Blue light promoted carotenoid accumulation e ”
* Orange light promoted the highest Hydrogen ¢ . ’—‘
production
* Hydrogen aceumulation occurred only under ~
orbital agitation, highlighting the importance of
effective mixing and oxygen depletion

Conclusions Key Messages
Light spectrum drives distinct physiological * Light quality controls metabolic allocation
strategies in Synechocystis sp. PCC 6803. * Orange/red favors photosynthesis, blue
Optimized light quality combined with proper favors photoprotection
mixing is essential for efficient * Hydrogen production requires.optimized

photobiological hydrogen production. light and mixing
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Development of a combination of innovative digital technologies aimed at early detection of
Ceratocystis platani, a regulated forest pathogen.

Hari Berto2?, Giovanni Marino®, Francesco Pecori®, Alessia Lucia Pepori®, Nicola Luchi®, Daniel G. Knapp®, Francesco Ferrini2:?, Johanna Witzell ¢ and Alberto Santini®
2 University of Florence, Department of Agriculture, Food, Environment and Forestry (DAGRI), Firenze, Italy

b National Research Council, Institute for Sustainable Plant Protection (CNR-IPSP), Sesto Fiorentino, Firenze, Italy

¢ Department of Forestry and Wood Technology, Linnaeus University, Vaxjo, Sweden

This PhD project is founded by the Horizon project FORSAID?, which aims to harness innovative technologies to ensure plant health in Europe’s forests.

Aim_3 (planned for next spring)

Detection of C. platani in environmental DNA

The purpose is to develop a procedure for processing eDNA (environmental DNA) collected from different matrices (stemflow

and throughfall). From these samples the presence of Ceratocystis platani DNA will be tested. Using different molecular

healthy techniques (real-time PCR, digital PCR (dPCR) and metabarcoding), which will be combined and compared with each other.
/s experiment will be conducted in collaboration with WSL, Birmensdorf (CH).

Aim_1 (planned for next spring) Aim_2 (preliminary surveys and results) —
Proximal remote sensing of Platanus damage in Aerial remote sensing of tree damage at
controlled environmentsand nurseries. regional scale.

Will be monitored the development of symptoms of The indices found with the previous study, will be
Ceratocystis platani infection on Platanus orientalis employed for early detection of Ceratocystis platani
saplings, in a High-Throughput Plant Phenotyping (HTPP) infection in urban and forest areas, using the
facility placed at “Metapontum Agrobios” Research Centre remotely piloted aerial systems (RPAS) and, if
of ALSIA. With the analysis of the multispectral images, it possible, airborne platform. One of the strengths of
will be possible to assess the plants’ state of health and this project is the potential reduction in the number

find the indices which can supply an early detection of the of plane trees to be inspected control noculated

infection.

Improving i ions through | — symptomatic @ &
1.

Appling remote sensing in phytosanitary survey can help to reduce the percentage of trees to inspect. If on the basis
there is a well tested protocol that can help to discriminate between healthy trees and possibly infected trees. In this
research project we want to explore if is possible identify the early infection of canker stain disease. Is important to
highlights that remotes sensing results must be confirmed by a traditional survey in the field

3 '&r - asymptomatic %

Categorisation of plane tree >
I infection stage by field survey
Aim_1.1 (ongoing) ‘ .
Proximal sensing of Pinus sylvestris damage caused by Standard procedure My doctoral
Diplodia sapinea in controlled environments. (EPPO, 2014) project |
In collaboration with the Linnaeus University in Sweden, |

am conducting research to evaluate the effects of D.

sapinea infection on Pinus sylvestris. The experiment takes — —
into account the reflectance of needles using PlantEye Phytosanitary survey on plane tree - Stemflow water Throughfall water
instrument. This instrument provides a detailed point
cloud of a single plant. The methodology developed in this |
experiment could also be applied to plane tree to study [
the effects of C. platani infection. P Remote sensing l l
H g
g 3
[ 2 £ | QPCR | dPCR | CRISPR/Cas |
s Unmanned airborne vehicles & |
A s
g S Hierarchy graph for the experiment in the aim number three 30 four years aid plane irses ready for
= H the experiment
H Sensors g
. B 5
£ B
5 3
~ g 3 Aim_4 (prelimi iment were done, the proper imentis scheduled for the next year)
— a Reflectance 2 Pathogen suvaalon pruningtools
This objective relatively falls outside to the main aim, but since the pathogen is mainly transmitted by infected pruning tools, it
is important for a better understanding of the spreading pathway and the pathogen’s behaviour. The main goal is to
determine how long the C. platani spores can survive on surface of pruning or cutting tools. Some pruning tools will get in
contact with the infected tree tissue. In addition, a protocol for identifying live pathogen based on RNA will be implemented.
Healthy tree Symptomatic tree 1
LNU WEB SITE
- Isolation of the
pathogen

Every 7 days post
contamination

Healthy tree Symptomatic tree

W_l

| ; @
i | Samplingand Laboratory Analysis |
FlantEye at the Linneus University &
| Molecular detection methods |
Aim_2 W/

Remote sensing preliminary test of detection by drone sensors

During the spring was done a preliminary drone survey in a highly infected area by C. platani. The plane trees /

were categorised based on their symptoms in healthy, asymptomatic and symptomatic. Then the data were ® Process graph for the experiment in the aim number four
processed in order to find difference between different rate of infection. Some simple vegetation index seems to

be higher in the asymptomatic trees. Different methodology were tested to identify the early infection stage, /

starting with simple vegetation indices comparison until machine learning and deep learning methods. The latter
have shown the most promising results. Further surveys are needed to confirm this preliminary results.

Expected results

Aim_1

Specific markers of pathogen infection (C. platani) based on
allowing to identify the early stage of infection. Additionally, the study will be able to supply information on the
relation between pathogens and host saplings.

Aim_2

Infestation severity is based on machine learning algorithms at tree level and to map of urban and forest
pathogen damage. Early detection will be possible in areas where symptoms are not yet present, and to assess
the spread of diseases can be assessed without the need for on-site monitoring. Additionally, provide the
essential information needed to adopt phytosanitary measures that limit its spread and impact, especially in
remote areas.

Aim_3

Protocols for identifying C. platani in water flow from tree stems will be based on digital PCR, real time PCR and

oo

Supervised classification by Random Forest

asymptomatic healthy

This figure presents the results of a
supervised classification of plane tree
canopies using a Random Forest model.
Model performance was evaluated using
overall accuracy (0.80) and Cohen's
Kappa (0.65), ~indicating substantial
agreement between predicted  and
reference labels. The confusion matrix

Accurac 0.80 (bottom  right  panel) ~ summarizes metabarcoding. The advantages and disadvantages of the methods (dPCR, gPCR and metabarcoding) will be
g i — prediction reliabity across categories, ¢ . . i s

listed and compared. Biosurveillance through eDNA is essential to reduce the threat arising from the spread of
this regulated pathogen.

Gokein Mok with values normalized between 0 and 1.

N - m. It reveals that symptomatic trees were Aim_4
i . . - most  accurately identified, ~ while The quantification of disease spreading by pruning and cutting tools is based on experimental evidence. The
’ = asymptomatic and healthy classifications

persistence of the pathogen on the pruning tools will be assessed. This has important implications to improve
phytosanitary measures. Aimed to control the pathogen spread. In addition, development of specific detection
et molecular protocols based on RNA s considered.

B | @ ** | showed more overlap.

FORSAID WEB SITE IPSP CNR WEB SITE SAA WEB SITE

'FORSAID

Forest surveillance with artificial intelligence and digital technologies
FORSID receives founding from the European Union’s Horizon Research and Innovation
Programme under grant agreement 101134200.

Feel free to contact me!
hari.berto@unifi.it
hariberto@cnr.it
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BIOTIC AND ABIOTIC ADVERSITIES OF AGRICULTURAL
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Phd student Sci A Phd, da);\ bientali Supervisor
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INTRODUCTION

Wood vinegar (WV) is a complex organic liquid obtained as a by-product of the pyrolysis of
lignocellulosic biomass derived from waste materials such as pruning, wood residues, or other
agricultural by-products . WV has attracted growing scientific interest due to its potential as a
corroborant, antimicrobial agent and plant growth regulator, within the framework of more sustainable
and circular agricultural strategies. WV acts as a biostimulant at low concentrations, enhancing
vegetative growth, photosynthesis, productivity, and stress tolerance (drought, salinity) through
activation of antioxidant enzymes and reduced lipid peroxidation. In hydroponics, it can help regulate
nutrient solution pH and lowers nitrate accumulation in leaves. In soils, WV improves enzymatic activity,
fertility, and nutrient bioavailability.

_ WOOD VINEGAR PRODUCTION |

Pruning Waste Combustion Condensation Collection

Chemical characterisation Chemistry-biology link Dose optimisation On-site customised products
GC-MS, profiling, composition Correlation between composition and effects Concentration-dependent effects Applied, circular corroborants

OBJECTIVES & METHODOLOGY

Objective: Define chemical signatures of WV from V. vinifera and O. europaea pruning waste.
Approach: GC-MS-based profiling and multivariate comparison of WV from different
biomass sources.

GC-MS « phenolics ® organic acids ® biomass origin ® composition-activity

Expected Impact: Identification of composition-activity links supporting targeted WV
applications.

Figure 1: L. sativa hydroponic experiment. WV (fir wood) concentration of 300 ml/hL

. . . . . .. ibits phy icity with significantly stunted plant growth. WV concentration of
Evaluation of wood vinegar treatments in plants subjected to abjotjc stress: 100 mU/hL led to increased shoot and root biomass after 1 month under nutrient
Objective: Evaluate WV efficacy in improving crop tolerance to abiotic stress. limited conditions, ultimately damaging the root system after long-term exposure

Approach: Controlled trials on model plants such as basil, lettuce, and tomato under
salinity, drought, and heat stress.

Salinity ® drought * heat * dose-response ® crop performance ® SOD * POD ¢ CAT
Expected Impact: Identification of effective WV concentration ranges enhancing plant
performance.
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Turf M u s c o
Objective: Improve turfgrass resilience and disease control using WV treatments.
Approach :Stress assays on Agrostis and Zoysia combined with tests against

Clarireedia spp. Figure 2: Differences  between Figure 3: Differences  between
° ° i reatment for stem and root fresh weigl treatment for plant height, number of
Water stress e heat stress * dollar spot » resilience v tfor st d root fresh weight for plant heigh ber of
3 dl : Red d d d doll 0 d a bl and chl a and b for L. sativa in leaves, chl a and b for O. basilicum in
xpected Impact: Reduced stress damage and dollar spot severity under sustainable hydroponic culture hydroponic culture
management schemes.
[« pu (cf

Objective: Assess WV effects on soil microbiota and legume-rhizobia symbiosis.
Approach: Rhizobox-based monitoring of root growth and nodulation following WV
application.

Rhizobox ® nodulation  root growth * beneficial microbes ® soil health

Expected Impact: Optimized WV use preserving beneficial soil-plant interactions.

Xanthomonas pahaseoli pv. phaseoli (Xpp) Sinorhizobium melilotii (Sm)

Figure 4: Antimicrobial assay. 4 WV tested at different concentrations (100%, 10%, 1%),
results showed no activity at lower concentration for all WV tested, whereas high

Antimicrobial Activity Against Plant Pathogens concentration resulted in strong antimicrobial activity for one product (BD), and mild activity
Objective: Test WV as a natural antimicrobial tool in plant protection‘ for another one (YC), no activity detected for the two grapevine-derived products (YV1, YV2)
Approach: In vitro and in vivo assays against plant pathogens such

as Phytophthora infestans and Clavibacter michiganensis.

in vitro ® in vivo ® growth inhibition ® disease suppression

Expected Impact: Validation of WV as a complementary disease management strategy.

G E fonIAnalysi
Objective: Clarify plant molecular responses to WV treatments.

Approach: qPCR analysis of stress-related genes in treated vs. untreated plants.
qPCR e stress markers * biotic response ® abiotic response ® mode of action
Expected Impact: Mechanistic support for WV-driven stress mitigation.

Objective: Evaluate WV deterrent effects on key insect pests.
Approach: Behavioral and oviposition assays using Drosophila suzukii.
Drosophila suzukii ® oviposition ® behaviour ® deterrence
xpected Impact: Reduced pest pressure supporting integrated pest management.

Figure 5: Drosophila suzukii bioassay. Evaluation of WV treatments on oviposition deterrence
against insect pest drosophila suzukii.
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Exploring Leenotis leonurus (L.) R. Br. as alternative to cannabis: a studv on the
impact of botanical traits, cultivation techniques in modulating the production of
psvchoactive substances and drugs.
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Impact of advanced agn-voltaic systems designed according to the pnnciples of
agroecology on water, energy and food balance: assessment at farm and landscape level

1. Problem statement

How to redesign agroecosystems to address water, enengy
and food crisis

3. Project description

sysiem in agnofiorestny context combining agroecology
principles (Gliessman, 2015) and renewable energy. The
system will be co-designed by the Department of

i I, Food, Ervirenmental, and Forestry Sciences
and Technologies (DAGRI) in collaboration with the
Depariment of Industrial Engineering (DIEF) of the University
of Florence and it will integrate photowoltaic panels, frees,
and herbaceous crops into a three-ier agroforestny model.
The project aims to assess the agrivoltaic system's impact
on crop yields, waler balance, soil ferfility, microclimate,
ecosysten services, and solar enengy use efficiency. The
evaluation will account on model-based analysis and filed
experiment in different pedo-climatic scenarnios in alky

2. Project Idea

Global energy demand is expected to increase, but a 1.2%
annual dedine in primary energy demand could occur staring
in 2030 due to electrification and improved process efficiency
(IEA, 2023). Renewsable enerngy, especially solar, will play a
ey mole in this shift. However, large-scale solar power
generation requires significant land, which competes with
agriculiural use. Agrivoltaic (&) systems, which combine
farming with elecinicity generation, can reduce land use
conflicts and provide economic, sodcal, and environmenial
benefits (Campana et al., 2021; Mamun et al., 2022).

4, Activities carried out during the 2° year

= Model-based simulation of an agrivoltaic system in
collaboration with DIEF-UNIFI

= Application of mulii-objective opfimization (MOOD, Groot et
al., 2012) methods to agrivoltsic systems at farm and
landscape level in collaboration with the University of
Wageningen (ML)

5.1 Result of the simulation
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Genetics
initiative

“Reducing methane emissions through
genetic selection in dairy cattle”

Silvia Graziani, Simone Callegaro, Francesco Tiezzi

Department of Agriculture, Food, Environment, and Forestry (DAGRI), University of Florence, Florence, Italy

-~ Methane emissions -

- ¥

Environmental impact Energetic loss for the animal

Genetic selection is an effective and permanent strategy to reduce enteric emissions, but it

requires reliable, repeatable, and large-scale measurable phenotypes

Enteric methane emissions can be measured using several techniques, including respiration

chambers, GreenFeed systems, SF; tracer methods, laser-based approaches, and sniffer sensors

GreenFeed and sniffer systems allow high-throughput measurements across farming
conditions, but measure different methane-related phenotypes

I'f.- I[?

CH, concentration
(ppm)

—* Heritability (k%)

* Repeatability (1)
i —* Genetic correlations

* Phenotypic correlations

I‘\éi'
'y production i :
(g/d) o

)

Moderate to high genetic/phenotypic correlations between different traits may indicate that
selection for reduced methane concentration could also result in lower methane production

These, combined with moderate heritabilities, can improve the accuracy of genetic evaluations for
breeding more sustainable animals

PhD day - Florence, 18" December 2026



Influence of Acoustic Vibrations on the Morphelogical,
Physiclogical, Molecular, and Anatomical Traits of Olea europaea
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INTRODUCTION RESULTS | EXPECTED RESULTS |

i Evidence that perennisl crops: B ollves pepceise sound.

B denfficadon of uimsound frequencies amited by
drought-siressed plants.

& Froof that healliny plants debect and respond bo shress-ne-
led sounds from nelghbors.

i Development of effeciive mono- and poly-fregquency sound
freatments io boost growih and siress iolemnos

i Oipiimiation of bming, durabion, and combinadons of

Flodiern agricufere, Inchading ollve culivaiion, Taces major chal-
lenges dee= b dimaie change and the nesd for sesininabie
praciices. As an allermaiive fo chemical meihods, fhe use of

sound vibralions has emesped 25 a promising green technology
o enbance plant defens= mechanisms and stimulsie benedcial

ralls In Oi=s swopacs. Research demonsirabes that sowend
stimuiation can iecrease the produdion of imporiant metabo-
IRe=s Such as sugars, homones, peoisins, and secondany com-

pownds [Gosh et al. 2097, Jung et al. 204 8; Bhandasst amd sound rsalments
Jaysswall 2033, boost pholosynihetic sciivity and owemill pno- & Framework for apphying acossic methods In susininabic:
dciivity, and activale defense nesponses agamst both bicic agriculture.
and abiolic siresses (Appel and Croft, 2044; Body et al. 2015) i ® Infal insights Inko how acousdc vibrSons 2Tect root de-
and abiolic agents (Demey =t al. 2003 A1 =t al. 2024) Addition- i s S el L weinpment and thizosphene microbes. J
ally, sound wases may Influsnce the rhizospheres microbiome,
fariher supporling plant heatth and reslience. v Sl lal e e
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deought-sinessad plants. L e T T T o
a3 Dptmilze scousiic treaiment promools o identify the Tima weoin|
st B i
il st effective frequency, timing, and duration. e b s i 4, ahpn +
o4 ‘Bhmiy plant perception of acousiic st in both con- g =
e Slabie photesynithests in vbro pants, with @ sharp
Evakmai= e morpho-piysiclogical, moleosar, and an- i Pl oW ng Fewalen g
afoemical responses of heally perennial crops—such 11 Pholorpnitesss rile
=8 plive rees—io siress-induced ulrssound signals. - e
" y 3 1

MATERIAL AND METHODS

This pot experiment iesied wiheier iong-ienm Srousiic vibrmabon . :
{120 Hz] improves deought folerance In ollve planis. Wibno plants u 1
{8} recetved 120 Hz shmulation for siy monihs; Mom-viono pants ol T T T TR
(B} seneed s confrols. All were groen under comirodi=d light,
fempersiure, humidiy, and soll condbans. Droughit began on
My 13, 2025 st 75% fieid capacky afier full ssturation Flants
were rewalered hulce {days 36 and £5), and the sl ran for
abouwt bwo months. FWC, phofosynihesls, and siomaisl conduc-
Eance wers measued, and eaf sampies undesr drought were
coliedied for RCE, POD, and 300 analyses. Siress induction
wens veriiied using t-fesis, and dais wers graphed In Origin. In
years 2-3, uilrssound signaks from siressed and conirol planis
will b= recorded and comibined with monofregquency fones io
create optimized sound treaiments {2060 days), which will then
be appiled o Indoor and ouidoor planis. for momphophysiological,
arafomical, and molecuiar a5 sEssments.
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Bioactive compounds from pruning waste
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INTRODUCTION

Mursery companies face challenges in sustzinable management, including reducing chemical use and properly disposing of
pruning waste. & promising solution is the recovery and valorization of these residues, which are rich in bioactive compounds.
The project focuses on optimizing the extraction of tannins from pruning waste, followed by their characterization and
quantification to assess their potential as biostimulants, including analyses of water content and nutrient levels. In parallel, the
steam distillation process is optimized to produce essential oils, which are subsequently tested for their efficacy as herbicides,

insecticides, and fungicides.

MATERIALS o PRELIMIMARY
AND METHODS RESULTS

= First results of the contact fungicidal test: applied volume 0,10 mL

D!stlllﬁtmn uf nrnam.emal nursery plants: f_au.r.u*s.nahﬁ:s, of essential oil, Tested fung rgillus flavus and Fusari
Pistacia lentiscus, Cinnamomum camphora, Liguidambar varticillioides.
styracifiua, and Cupressus * leylandii. Pelmdian % Inhibitizn A fimea Msclan % iz on P eerticiioiden

The essential oils obtained were analyzed by GC-MS and
subsequently tested for their herbicidal, insecticidal, and
fungicidal potential at the University of Liege (Agro-Bio-Tech).
From the residual biomass, tannins were extracted from L
nobilis and B lentiscus and evaluated for their effectivensss as
natural biostimulants on strawberry plants (ov. Clery) under . = . = - . . .
greenhouse conditions. Chemical analyses of the extracts were - First herbicide test on THfolium incematum and Lilum protensis.
performed using HPLC-DAD-MS5. Two growth stazes: cotyledon and first leaf

iy ™ - points on the right:

highly phytotoxc
treatments.

1) First experiment. determine the optimal concentration of
the tannin extract by testing three different dilutions.

2] Second experiment: evaluate the same  optimal
concentration under moderate water stress conditions.

e —
1* exp) oOptimal dilutions Z%ewp) Optimal dilutions tested

identified under full irrigation: on strawberry  umder  water

stress.
et phofceymhexh rate

il

L.modilis: Dilution 1 (2 mL/L). g

Loalalf .
Plentiscus: Dilution 2 (4 mL/L). {0 [ Y s
wood distillate (WD1): i , | e
Dilution 1 {2 mL/L). . I |

COMNCLUSION AND FUTURE PERSPECTIVES

Fungicidal test (contact): L. nobilis ond C. camphora inhibited A. flavus and £ verticillioides - strongest effect on F
verticillioides.

Herbicidal test: L. nobilis - strong herbicidal effect on Trifolivm and Lilivm (cotyledon and first leaf stage),

C. camphora . slight effect on Trifolium.

Mext steps: Test lower effective concentrations and start insecticidal test.

The first experiment allowed us to identify the optimal dilutions for the tannin-rich extracts (Dilution 1 for L nabilis, Dilution 2 for

B lentiscus) and for the wood distillate BioDea® (Dilution 1), under full irrigation conditions.
In the second experiment, those dilutions were tested on strawberry plants under water stress, confirming their effectivenass

even under more challenging conditions.
Future studies will focus on the extract that showed the strongest biostimulant activity, with an improved experimental design

and a higher number of replicates in the upcoming field experiment.




CO,, biofixation with selected microalgae for biofuel productionin a

zerowaste approach
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AlM OF THE WORK

Maximise ISOPRENE production in GM Synechocystis K108 strain cultivated under different environmental
{temperature, pH, light intensity and spectrum) conditions in an optimized photobioreactor, evaluating the potential
environmental, economic and technical feasibility of the process with a biorefinery approach.

MATERIALS & METHODS ;
Synechocystis sp. PCCG303 (WT) - Synechocystis KJOS (GM)

Bioreactor setup: &L PMMA Annular Calumn (F&M ! | Bioreactor setup: 2.5-L glass annular columin
AC15%9) photobioreactons phatobicreactors optimized for isoprena production

Tested wariables: . Tested variables:

=Light spectrum: While v& Purple } =Light spectrum: White

~Light intensity: 50, 300, 500 gmol photons m™ 5™ =Light intensity: 100-300 prmol phatons m~ 5™
pH: 6.0, 7.8, 9.0 s pH: 7.8

“Temporature: 37, 36, 40 °C TTemperature: 36 °C

=Culture regime: Fed-batch «Culture regime: Fed-batch

Ciptirnired sneulsrecdoren for OF ouliveiion

ISOPRENE

J TInn
u-cuhrlF‘ spto 100LPER g - _ CH;

1% year 2"" year 3™ year
s Defire the optimal pammetems far high S st the best pemmeters for isoprene S Srmlre.un b large volume

biamraas producthity in Spnachocysns production with the gereticelly moditied (GH) #it panl ar oneular Columin JET FUEL
sp. PCCESDE wild-type sirmn in on optimieed photobioescior machor designed to produce,

& Evaiunte mnd studhlight utiation # designed for isoprens preduction mecowesr ond trap Isopmene
efficiency under different condtians
mlsovwath diffesrent strain and
Eechmaol = 3 =
reee Outdoor trial in summer period

!

Elorewctor setup: 40-L 50% N-5 Greer Woll

Pane (GWF i) photabloactars i P S Synechocystis KJO8 (GM)

Stroin: Foraselmds specica FEM-MES
= ALC-1 Opfmizes
Experimental condiions:

*Sunlight

pH: 7.E

‘Temperature max: 20 "5

=Cutture regime: Fed-batc b, semisconbnuous
[0, 220 ared S0%: dslby diurticn mbe)

*Shoding dewicos

i &C-7 Optmied
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Conclusion
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BIOLOGICAL VALORIZATION OF PLANT-BASED WASTE AND BY-PRODUCTS
Valentina Russo®, Viola Galli®, Simeona Guerrini®, Alessandra Adessi’'
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Introduction

In Italy, agri-food by-products represent an economic value of £8.5 Recent advances suggest that lactic acid bacteria [LAB]
billicn per year, but much of this potential is lost as they are treated fermentation can transform food by-products, improving their
as waste, leading to high costs and the loss of bisactive compounds . nutriticnal properties and suitability for sustainable applications,

like fibers, polyphenols, and vitamins [Rana et al., 2021; Banchi et al., wihile enhancing safety, shelf life, nutrient bicavailability, and
2020]). phenaolic compounds (Sihva et al., 2021; Garcia et al_, 2020).
Research Aims

Izolation and ldertification of
characterization microbial strains Development of o
of lactic acid capable of microbizl bickank

bacteria from by- produdng fior applications in
products during bioactiee the fiood industry.
fermentation compounds

Materials and Methods
Sponteneous fermantation | 4 tots! of thirteen strains
KAillet iz an . 3, A were detected
ancient grain,
STRAK SRICES

gluten-free also
suitable for
specizl diets
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Ex wive tests on cells:
= Ip witno assays of fermented millet

How can sustainable sources of glutamate and growth
factors be effectively utilized to enhance GABA production?
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GABA is the main inhibitory neurotransmitter in the central
nervous system. It supports blood pressure reduction, betber
sleep, anwiety relief. and glucose metabolism.
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@y Multisensor High-Throughput Phenotyping for Discriminating

Biotic and/or Abiotic Stress in Herbaceous Crops

Balingit A.R.", Rossi R, Moriondo M2, Bindi M.
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Introduction

Climate change and emerging biotic pressures increasingly threaten crop yield, demanding rapid and precise
tocls for monitonng plant stress. High-throughput phenotyping (HTP) offers a scalable approach to capturing
morphological and spectral traits across growth stages. This project ams to advance automated HTP
methodologies to improve early stress detection and deepen cur understanding of crop physiclogical

responses.
[ Objectives \ Materials and methods
» |dentify stress-specific spectral signatures PhD project workflow m—
through multizensor charactenization; Address key research
» Develop a predictive model linking gaps by analyzing
morpho-physiclogical traits to biotic andfor predisposing
stress conditions for early diagnosis; conditions and
» Create a scalable automated HTP system defining major bictic
for extracting morphological and spectral and abiotic stresses,
herbaceous crops traits. while identifying the
most relevant speciral
and morphometric
phenoctypic traits.

Apply the stress protocols ‘

and collect proximal MATLAB

imaging data (AGB, S

hyperspectral, thermal) <

capturing both Data analysis

morphometnic traits and

spectral signatures, across " — = m: Process imaging data to identify stress-related

the different phenological prevriieanrIrTy phenotypic patterns, develop an automated pipeline
stages of stressed crops. for extracting key morpho-physiological traits.

| . : Experimentation in greenhouse
g : and/or field conditions

Acquire whole-plant multisensor HTP
imagery in greenhouse conditions and
assess scalability to field environments,
followed by statistical analysis of the
resulting data.

Expected results P

» Development and validation of an automated high-throughput phenotyping (HTP) s
systemn for assessing crop physiological responses under biotic and/or abiotic | oS40 |
stress. e ; : ?

« Establishment of a methodology for acquinng and analyzing mm‘phum' cal fraits ' v

and spectral features across phenological stages in stressed crn@pm:m:
» Creation of an integrative interpretative model combining morpholog
spectral fraits to enable early detection of crop stress and improve understanding
of plant physiclogical responses. '
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INTRODUCTION Red Sampling & Envirenmental PROJECT
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CREATING “"FERTILE AND HEALTHY” TECHNOSOLS FROM A
CIRCULAR ECONOMY PERSPECTIVE TO IMPROVE THE SUCCESS OF

PLANTING IN URBAN ENVIRONMENTS

Beatrice Fiore, XLI CICLO

State of the Art
ower half of the global population lives in cities, where urbanization
consumes sl and disrupts natural socil-atmosphere processes
through widespread impermeable surfaces. Even unsealed urban
soils are often degraded and provide limited ecosystam services. Yet
soil quality—crucial for plant establishment and soil functioning—is
freguently overlooked in green infrastructure. Low-quality, orgamnic-
poor substrates despite  cities

remain  Common, producing

compostable biomass that could help restore urban soils and support
de-sealing efforts.

Purpose of the research

This project aims to improve soils used in urban green infrastructure
by incorporating urban organic and inorganic waste materials. The
study takes place in a recently de-sealed area composed of residual
highway construction materials, including concrete, asphalt, and
other inert debris. Soil and spontaneous vegetation will be analyzed,
and the same soil will be used in a controlled pot experiment to
obtain preliminary data and maintain experimental continuity even in
case of field delays.

Tree growth will be evaluated across four technosol formulations

based on the de-sealed soil, amended with different organic inputs:

control soil, compost, manure-based wermicompost, and coffee-
ground wermicom post.

Materials and Methods
Experimental Design

The project combines a pot experiment in 3 nursery—using lysimaters that simulate wrban planting pits under controlled conditions—
and a field expariment in Parco delle Carpugnane [Calenzano, Florence), set on recently de-sealed soils composed of inert construction
residuss.

Site Selection & Preparation

Suitable de-sealed plots are identified through photo-interpretation and G5 analysis, followed by baseline soil sampling to assess
physical, chemical, and biological degradation. In parallel, the nursery is prepared with custom lysimeters filled with the same de-

sealed soil.

Planting

Two to three commaon urban deciduous tree species are selected and planted following a randomized complete block design with at
least three replicates per treatment in both experiments. Standardized procedures and wniform nursery stock ensure consistency

4

ACross sites.
Monitoring 2 years)
Soil assessments include structure, porosity, infiltration, water retention, onganic matter, nutrients, pH, microbial activity, and
*, earthworm presence. Plant monitoring covers height, stem diameter, root biomass (pots), gas exchange, chlorophyll content, water
potential, and past or disease symptoms.
Data Analysis
Data are analyzed using multifactor ANOVA to evaluate treatment and environmental effects,
complemented by multivarate analyses to explore soil-plant relationships and performance patterns.

Expected results

= Better vegetative and physiclogical performance of trees.

= Improved soil physical, chemical, and biological properties.

= Maore stable, hydraulically efficient compost-based technosals suited for stormwater management.

= Promaotion of circular economy practices through organic waste valorization.

= Scientific publications and conference contributions to support the adoption of organic-based
technosels in urban greening.
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Cold Forest Microrefugia in the Mediterranean Regi{:-n: -

microclimate, plant diversity and conservation oY

Filippo Fortuna

BACKGROUND

What are coid forest microrefagic ™
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Where com we find cokid forest microrefugis in the mediteranedn region”
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ainidl regional Climetes, thus malking the persistence of ok forest micrrenusia possioe.
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Study of Triticum estivum Organic Heterogeneous Material in Agroforestry for an Agroecological
Transition in the Mediterranean Area
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1. Problem statement

Im a context of climate crisis, soil degradation, and
agricultural bicodiversity loss, how can seed and food
systems be effectively secured and rendersd more
resilient for future uncertainties.

2. Project Idea

The 2030 Agenda calls for a transformation of food
systems through innowvative agricultural policies and
practices. Growing awarensss of the negative impacts
of conventional agriculture has favored altermative
models, notably agroecology (Gliessman, 2015).
Market competitiveness has promoted input-intensive
agriculture with high-yield varieties, but modern soft-
wheat cultivars, being genstically uniform and input-
dependent, are unsuitable for agroecological systems.
The introduction of Organic Heterogeneous Material
[OHM) is the main innovation of EU Organic
Regulation 2018848, which defines it as a plant
entity that:

[ shores common phenotypic characteristics

1 exhibits o high level of genetic ond phenotypic
diversity

[ is neither a specific variety nor @ mixture of
varieties

[ has been produced under organic conditions
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3. Project description

The main objective is to assess the adaptation, agronoemic
perfermance, seil micrebial activity, and ecosystem benefits of
the FURAT soft wheat population ({OHM] at the MolTE site.
This population was origimally selected at the ICARDA centre in
Syria. The aim is to provide scientific evidence on the
effectiveness of OHM as a strategy to enhance resilience and
sustainability in line with agroecological principles.

4. Research activities

1- Comparative Agronomic Evaluation: evaluate the
productivity, stability, and adaptability of the soft wheat FURAT
compared to the soft wheat varietal mixture control (Miscuglio
Montespertali] in 2 different sites adopting the crop rotation
practice.

2- Environmental Impact Assessment: assess the impact on
bizdiversity and soil guality, with a focus on the evaluation of
soil microbiome considering interactions between the hedges
and OHM [ varietal mixture.

3- Activities defined within the RevAgroForiMed PRIMA project
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5. Expected results

The use of OHM is increasingly important due to its broad genetic base and ability to adapt to different soil and dimate
conditions. [ts benefits include more stable production, restoration of soil fertility, greater resilisnce of agroecosystems,

mitigation of crop damage from climate change, and the spread of agricultural biediversity in the fislds.
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Using -omics approaches for the development of
rhizobium-based bioinoculants
for chickpea under drought conditions

Riccardo Marziali 1, Agnese Bellabarba 1, Alice Checcucd 1, Matteo Buti
lﬂepnrhmrt-uf.ﬁg'imlhn. Food, Emvinonmentzl and Fonestry Sciences [DAGRI), University of Florence

Ky Chickpea; Fesonhizobium; Droushi: Stress; Banooulants; Mul-omic
Background

Chickpea [Cicer arietinum L.) iz a key legume crop valued for its nutritional profile and moderate drought tolerance. Howewver,
imcreasing water scarcity driven by climate change severely threatens its productivity. Beneficial rhizobia, particularly Mesorhizobium
spp., form nitrogen-ficing symbioses with chickpea roots [1] and can enhance plant performance under stress by modulating
transcriptional, physiological, and metabolic responses [2,3]. Although microbial inoculants show strong potential for improving
drought resilience, the application of integrated —omics approaches to identify élite strains and dizsect plant—microbe interactions
remains limited [4]. Understanding the molecular and metabolic bases of drought-resilient symbiosis is essential for developing next-
generation bioinoculants for sustainable chickpea cultivation.

Objectives

The main goal is to develop Mesorhizobium-based bisinoculants enhancing chickpea drought resilience. Specific aims are:
Characterization of plant-rhizobium trascriptional response to drought.
Detect metabolic signatures of beneficial interactions.
Uncover gene networks and metabolite markers driving beneficial symbiosis under stress.
Integration of multi-omics data to select élite strains for bioinoculant formulation.

Project Workflow

The project employs a three-phase approach to rationally develop drought-resistant bicinoculants. Phase 1 begins with strain
izolation and Whole Genome Sequencing [WGS), followed by pan-genome analysis to select promizing candidates (Fig.1). Phase 2
then tests these strains in controlled conditions, comparing water regimes [Well-watered vs. Drought) through phenotyping and

RMA-seq analysis to evaluate functional performance (Fig.2). Finally, Phase 3 uses NMR (Nuclear Magnetic Resonance) profiling to
identify metabolic markers and integrates genomic and transcriptomic data (multi-omics integration), systematically guiding the final
selection of élite strains for the bisinoculant (Fig.3).

1 lsolation and genomic charscberization
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Figare 1 isoistion of Mosormizbiom sirains [A), Whole Genome Sequencing [B) and Fhenotype

3. Metabalomic & Multi-Omics Integration Expected Results
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ldentification of Mesorhizobivm strains with
enhanced ability to improve chickpea drought
tolerance.
Characterization of symbiosis-related and
stress-responsive gene clustars.
Identification of key transcriptional regulations
inducad by drought.
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,gﬁ e Characterisation of Arbutus unedo L. genotypes
for sustainable land management and fruit
production: drought tolerance, fruit quality and

postharvest physic:rlﬂgy
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Introduction

Strawberry tree (Arbustus unedo L) is a Mediterrsnean evergreen shrub—tree adapted to shallow:, nutrient-poor soils, recurment summer drought and fire. [tis
increasingly promoted for restoration and fire-prone landscapes. [is fruits and leaves show a distinctive phenolic “fingerprint”, very high vitamin C and
pobyphenol contents, and strong antoxidant capacity, underpinning growing interest in their use for functonal foeds and nutraceutcal products. Despite
this ecolegical and nutridienal potental, A. unedo is stll dassed a5 an undenutilisad or neglected fruit spedies: frust producton comes mainby from wild or
sari-managed stands, and domestcation is only begmning, even though substantal penefic and phenotypie diversity has been documnented across
Mediterranean populafions. Recent work shows that genotypes differ stmongly in physiclogical and metabolomic responses to drought, highlishting real
soope to select climate-resibent plant material. Af the same tme, postharvest studies indicate that storage temperature and surface treatments strongly affect
weight loss, firmness, and sensory quality but have been tested on & namow genetic base.
Coals

» Characterise A unedo penotypes’provenances for response to drought, phenolesy and growth.

= Evaluate fruit quality and sensory traits in promising genciypes.

» Dieseribe postharvest physiclogy (respiration, quality changes, shelf lifis).

= ldentify penotypes suitable for low-mput frust producton, omamental use and ecolosgical restoration.

General overview of project activities
@) LITERATURE REVIEW

; st o o ’gﬁ_w
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Preliminary insight
* Year I experiment 4 - Postharvest study
Prefiminary storage test on fots at fve fpening fages (2 w0 3 froils per 5 stage, n = &) stored at ambient temperatre or 4 "C Fnot respiration, measared with a L-00R gas-
mchangs system and a Sush-mount=d chamber, and non-destroctive traits (oodowr, weight los, size, fimness) aeere monitorsd from To to T5 and at T7 (Fig 1)
Additional results and full statistical analysis are ongoing and will be completed and present=d at a laber stage

Y Discember trial Yellow—orangs ot will be
'hwﬂeﬂhnmnabmlywumbwnsﬂ
Monbe Fisano (FI), ie. the npening stage identfed
= the most aotable in the preSminary trhal. For
=ach storage treatment {ambisnt temperaturs vs 4
"Cl, mon-destructhve mesncresnents will mchode
mlour (visual scale and Multiplex® pigment
mibces), fruit weight and oze Smne=, and
repiration'=tylens release over time. At =ach
sampling date, destnactive analyses will be carmed
out on submmples to determine basic biochemical
traits and fo quantfy phemolic compounds by
HFLC-DAD--TOF
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* Year 1 experiment B - Drought study
The c=ntral working nypothess & that provenancss originating from drier and mone themally stressed dimates el oombine safer hydraulic archibecture, tighter contnol of water loss
and greater celhiar debydration tolerance, thos showdng higher resctance to sxpenmental drought and betber recovery after re-natening than provenances fom mors meoc dhes

Fifty potted shrawhermry tree plants were obtained from wid provenances at Saline di Tanguinia, Castel Formdano, Ao Tirone
(Vemnvius), MonteSaicone, Casal Manttmo supplied by the Carabinien forestali (Rageruppamento Carabiresn Biodwerdta)., Ao,
o provenance Som Sardinian gtes (induding, Yalacidno).
Flantx are groam in pofs @ an expermentz] area and amigned o o water regimes: wel-aztersd conditions 2nd 2 progresive
drought folloared by re-aaterng,. The mial combines consShatve Tais measured under wellwatered conditions, hydrauiic s=f=ty
(olem wulnerabdfity oorves P50}, waterase sategy (minimum epidermal conductance gmin, spedfic beaf area) and cellular
v, tolerance (pressure—volume parameders such & hargor loss point. cemotic potenitial 2t full ;ugor and medulus of elasticng, with
nduchle traits recorded under water sres and recovery (gas enchange, plant water sates, chlorophyll fluorescence, pencentage
L boss af conduciity and hydraubic sofety margin, effective water-use dﬁn:rh:_!,- growsth, and total beaf areg).
The speriment tess whether constibative traits can predict provenance performance under drought and  resibence 2fer ne-
. watering, and links funictional vanabdity to the contrastng cimates of odgin

& i pereernos: o Brawbednry res

EXPECTED RESULTE

A st of pinsiological and morphalogical fralls ussful Sor screening
drought talsrance in &, unedn genobypes.

Idmn=Scation of gemofpss wilh favourabl: phenology and good
performance under bmited water avalabity.

S Frofiing of St qualfy and pobenSal uses (et oo,
processing). Inifial puidelines on posharvest behandour and autable
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Science and social responsibility: an
analysis of the impacts of the Israell
occupation in Palestine



SCIENCE AND SOCIAL RESPONSIBILITY:
AN ANALYSIS OF THE IMPACTS OF THE ISRAELI OCCUPATION IN PALESTINE

Ainna Ais Balingt Harl Berbo, Lucn @ Gty Lorenzo Fermetb, Bastrice Flor, Filppo Forfuns, MetthisLonmer, Valeris Palchett, Giowprnl Pascucs, Elena Rossl, Fraccaecg Serafini

INTRODUCTION

Soipnos cannat be paliticaly neutrat sclentists hawe & social responsibility o apply thedr knowledge for sockatal benafit, maintain intagrity, angags
publicly, oppose misuse, and address research impacts (Bird, 2004). This principle inspired the creation of poster on Israels occupation of Palestinian terriiorkes,
highiighting dehumanization, systemaric dastructon, and allegations of genoceda by the Israsll gosarmnmment. The Isrsal-Pakastinian conflict bagan with tha 1917
Ealfour Daclaration (Marker, 2008) ard intensified with tha Makba ("Catastropha”) in 1948-1548, whan abowt 750,000 Pakastinians fled or wers expeiled following

Israrls declaration of Indepandance At its cora, the conflict Invalves Istasl colanlalisnt settlaments and de facto annexation since the 1967 shx-lay war

(Rauvany, 2003} Falicies of land confiscation, dispessassion, and discrimination dany Palestinians basic rights, restrizting movemant, swark, aducation, and
rasouroes (Amnasty International, #017). Aecant sage and military actions have caused “scholasticide” - the massiva dastructon of Gaza's education system

(@irou, 2025 Chandnl, 2029; D0HE& anc LN, 2024} In Jul:ll Israsll military forcas, accompan ed wmllu-pzqr; arrived at a propagation unit af the Palestinian
Madianal Sead Bank in Hebron, foundad In 2010 10 presana and shang spads, dutm-'_.'hg stored marterial and future harvests. This undermines the ulnl}lllty af
TS Rgriculiure and thi farmers who depand on it
This postar rases Jwaranass using seigndific methods remate sRM5INg and litpratura review o demanstrate tha Impacts nf.'lllnEn:I gandaaide an Palastinian

aErl:urtm.lnfrasl:n.ln‘thﬁ. and HoIRtY

MATERIALS AND METHOD
This postar does not prasent any ariginal findings from a specific research project, but rather a viswal surmmary of tha Impacts of Isrsall military foroes actians in
Falkasting and the ocoupiad Palestinian territories. Wa focused our analysis on essential civil, ensiranmental and agricubiurd aspects needed for the salf-
sustanance of thie local populations

Tha long-tarm consequances of Israall miktary forcas actions are difficult to estimate, but assy 1o see, and that is the reasan=why we chose to show spatial
rapresantations af tha be;nfllcr'slrrpacr an thi tarritary, Figuras byl S b dupry and davastating tha consaquencas pftha conflict have bean For the

Falastnian Pq:.llnﬂm'l
The nead to prasent a symbalic poster during the PhD day of the 5848 Doctorate follows the realization that, despite a broad and at times intense social
mipilization, public and institutional amantion toesard tha siteation Inthe oocupied Palestinian territoeias may daclng, potentially enabling anunbalancaed
nagotiation and a re-normalizaticn of a crtically unrasolved humanitarian and seclogpalitical ersls. Through this contribution wa aim ta help sustain critical
awareness and hIEIiIEI'rt thea rq-spurﬂﬂllty af the sckntifc comeTnity In pramating Informed and Just parspaotives concerming topes which go hn‘_n.lnrh:l aur
“dasigned” fiald of wark.
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DISCUSSTION AND CONCLUSION

Univarsities and rasearch canters must counter Israell "dualuse” resaarch, which risks complaity in buman rights wislatans. Isras has recalvad
£37E millan fram Horizon Eurape, including direat funding to military companies {rg, Rafaall Mary Israel unbvarsities are ntegrasad with the
military apparatus, demanding clear safeguarnds,

Institutional and grassroots acton s incraasing
talian Univarsities Sevaral departmants I:E.E.,, FloranaaDAGRT, Naplas, FI:::l have :unpnnd-nd RgrERTRINTS wWith Isrmall unlverdtkas

'Fqlln'-mE academic boyoott prassure.

CERM: Chwar LOOO rasearchars are caling for a collaboration review,
= AR Introckiced ethical fiiters far rnIIII:nr"_.I risk profcts

Eurnpqnn Countries Spvaral nnﬂnru;:apan Elal?.lm. Pptinirla mcds, mnmd,Irdﬂrﬂ] nl:lnptw:l dexisiva hq-:.lcnrr s ASLINES.
Thaauthars condamn the cririnallzation ard Isalation of students and pm‘l‘q;;nm wha aratakingaction, carriad outiy the Ttallan Ministry af

Univarsity and Research

Internatianal pressure has '_ﬂuldla:l a rasuls in J.I|=|' 2025 tha Eurppaan Commissian proposed & p.1rt|=| SLESpa NN of Horzan
funds for dualwuse Frane:r:l:drnmm n:.-hurs.nl;urlty..AI:L

This dermanstratas the affectivenass of BTN PRARSSLINE: from unversitias and rasearch Institutons
Howeqwar, Lonstant murﬂqﬂngh’.nwm:lﬂ to ensure that Instiutianal iIndathves ramalin affectivae ng.'m;r rhlrd-partﬁrlntqranh.

Invalvad in thi military Industry
Erand with Sckantists Ageinst War md Milimarization af Boanoe Endarse thia TUS Sratamant,




Conclusioni

La giornata, organizzata in collaborazione con 'ODAF
di Firenze e la Scuola di Agraria, non ha disatteso le
aspettative ed é stata occasione di confronto e
scambio tra dottorand3, oltre che di incontro tra il
mondo universitario e quello della libera professione
concretizzatosi nella tavola rotonda.

Si ringraziano tutte le persone che hanno partecipato
attivamente e collaborato alla realizzazione di questo
evento.
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