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Presentazioni Dottorand3 del 
38° ciclo 

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

Luca Bernabò: 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

Ilaria Santi: Effetti interattivi del riscaldamento globale e della gestione sulla 
diversità vegetale delle comunità 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



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

Graphical abstract



Ilaria Santi: Effetti interattivi del riscaldamento globale e della gestione sulla diversità 
vegetale delle comunità 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 
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Andrea Viviano: Plants, carbon dynamics, and ozone pollution

Abstract

Tropospheric ozone (O₃) 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 O₃ 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 O₃ uptake (POD₁) 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 O₃ risk metrics. Experiments on Robinia 
pseudoacacia further demonstrate that rhizobial symbiosis mitigates O₃ injury by reducing stomatal 
O₃ uptake and buffering biomass losses, resulting in higher critical levels compared to O₃-sensitive 
species. Across a broader range of woody taxa, O₃ induced biomass reductions are species and 
functional type-dependent, with belowground compartments showing the highest sensitivity, 
suggesting that O₃ 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 O₃-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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Development of a combination of innovative digital technologies aimed at early detection of 
Ceratocystis platani, a regulated forest pathogen. 

Hari Bertoa,b, Giovanni Marinob, Francesco Pecorib, Alessia Lucia Peporib, Nicola Luchib, Dániel G. Knappc, Francesco Ferrinia,b, Johanna Witzell c and Alberto Santinib

PhD Day 19/12/2025

a 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
c Department of Forestry and Wood Technology, Linnaeus University, Växjö, Sweden

Corso di Dottorato in Scienze Agrarie e Ambientali (SAA) ciclo XL 

1FORSAID
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.

Aim_1 (planned for next spring)
Proximal remote sensing of Platanus damage in
controlled environments and nurseries.
Will be monitored the development of symptoms of
Ceratocystis platani infection on Platanus orientalis
saplings, in a High-Throughput Plant Phenotyping (HTPP)
facility placed at “Metapontum Agrobios” Research Centre
of ALSIA. With the analysis of the multispectral images, it
will be possible to assess the plants’ state of health and
find the indices which can supply an early detection of the
infection.

Aim_2 (preliminary surveys and results)
Aerial remote sensing of tree damage at
regional scale.
The indices found with the previous study, will be
employed for early detection of Ceratocystis platani
infection in urban and forest areas, using the
remotely piloted aerial systems (RPAS) and, if
possible, airborne platform. One of the strengths of
this project is the potential reduction in the number
of plane trees to be inspected

Phytosanitary survey on plane tree
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Molecular detection methods 
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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
techniques (real-time PCR, digital PCR (dPCR) and metabarcoding), which will be combined and compared with each other.
This experiment will be conducted in collaboration with WSL, Birmensdorf (CH).

Aim_4 (preliminary experiment were done, the proper experiment is scheduled for the next year)
Pathogen survival on pruning tools
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.

Aim_2
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
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.

0.80Accuracy
0.65Kappa

Supervised classification by Random Forest

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
(bottom right panel) summarizes
prediction reliability across categories,
with values normalized between 0 and 1.
It reveals that symptomatic trees were
most accurately identified, while
asymptomatic and healthy classifications
showed more overlap.

Improving phytosanitary inspections through remote sensing
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.

Aim_1.1 (ongoing)
Proximal sensing of Pinus sylvestris damage caused by
Diplodia sapinea in controlled environments.
In collaboration with the Linnaeus University in Sweden, I
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
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.

Feel free to contact me!
hari.berto@unifi.it
hariberto@cnr.it

Expected results
Aim_1
Specific markers of pathogen infection (C. platani) based on multispectral/hyperspectral measurements
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
metabarcoding. The advantages and disadvantages of the methods (dPCR, qPCR and metabarcoding) will be
listed and compared. Biosurveillance through eDNA is essential to reduce the threat arising from the spread of
this regulated pathogen.
Aim_4
The quantification of disease spreading by pruning and cutting tools is based on experimental evidence. The
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
molecular protocols based on RNA is considered.

FORSAID WEB SITE

30 four years old plane trees ready for 
the experiment

Hierarchy graph for the experiment in the aim number three

Process graph for the experiment in the aim number four

PlantEye at the Linneus University

Categorisation of plane tree 
infection stage by field survey

IPSP CNR WEB SITE SAA WEB SITE

This PhD project is founded by the Horizon project FORSAID1, which aims to harness innovative technologies to ensure plant health in Europe’s forests. 

LNU WEB SITE



CIRCULAR VALORISATION OF AGROFORESTRY RESIDUES: 
CUSTOMIZED CORROBORANTS FOR ON-SITE USE AGAINST 

BIOTIC AND ABIOTIC ADVERSITIES OF AGRICULTURAL 
CROPS

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.

Phd student
Leone Boatto

Supervisor
Prof. Stefania Tegli

Phd day
Scienze Agrarie e Ambientali

19 Dicembre 2025

INTRODUCTION

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

AIM

Chemical Characterization of Wood Vinegar
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.

Evaluation of wood vinegar treatments in plants subjected to abiotic stress:
Objective: Evaluate WV efficacy in improving crop tolerance to abiotic stress.
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.

Turfgrass Management Under Stress Conditions
Objective: Improve turfgrass resilience and disease control using WV treatments.
Approach :Stress assays on Agrostis and Zoysia combined with tests against 
Clarireedia spp.
Water stress • heat stress • dollar spot • resilience 
Expected Impact: Reduced stress damage and dollar spot severity under sustainable 
management schemes.

Soil Microbiome and Rhizobial Interactions
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.

Antimicrobial Activity Against Plant Pathogens
Objective: Test WV as a natural antimicrobial tool in plant protection.
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.

Gene Expression Analysis
Objective: Clarify plant molecular responses to WV treatments.
Approach: qPCR analysis of stress-related genes in treated vs. untreated plants.
qPCR • stress markers • biotic response • abiotic response • mode of action
Expected Impact: Mechanistic support for WV-driven stress mitigation.

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

OBJECTIVES & METHODOLOGY

W V 300m l/hL 
20%

WV 100 ml/hL 20%

C ontrol 
20%

C ontrol 
100%

30 days W V 100 m l/hL 
20%

C ontrol 
20%

C ontrol 
100%

60 days

Figure 1: L. sativa hydroponic experiment. WV (fir wood) concentration of 300 ml/hL 
exhhibits phytotoxicity with significantly stunted plant growth. WV concentration of 
100 ml/hL led to increased shoot and root biomass after 1 month under nutrient 
limited conditions, ultimately damaging the root system after long-term exposure 

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

Curtobacterium flaccumfaciens pv. flaccumfaciens (Cff)

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 
concentration resulted in strong antimicrobial activity for one product (BD), and mild activity 
for another one (YC), no activity detected for the two grapevine-derived products (YV1, YV2)

Figure 5: Drosophila suzukii bioassay. Evaluation of WV treatments on oviposition deterrence 
against insect pest drosophila suzukii.

Figure 3: Differences between 
treatment for plant height, number of 
leaves, chl a and b for O. basilicum in 
hydroponic culture

height (cm)    N um ber of leaves     

Figure 2: Differences between 
treatment for stem and root fresh weight 
and chl a and b for L. sativa in 
hydroponic culture

Laboratorio di Patologia Vegetale Molecolare, Dipartimento di Scienze e Tecnologie Agrarie, Alimentari Ambientali e Forestali (DAGRI), Università degli Studi di Firenze, Florence, Italy. 
Email: leone.boatto@unifi.it
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Conclusioni 

La giornata, organizzata in collaborazione con l'ODAF 
di Firenze e la Scuola di Agraria, non ha disatteso le 

aspettative ed è 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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