
INTEGRATED MULTIMODAL APPROACH FOR 
ASSESSING TREE DELAYED MORTALITY TO PROMOTE 
SMART AND SUSTAINABLE MANAGEMENT OF 
FOREST POSTFIRE SITES (MAP4FIRE)



PARTICIPANTS
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• Department: Department of Earth System 
Sciences and Environmental Technologies

• Mission: research, both basic and applied, on 
the study of structure, functioning and 
productivity of terrestrial ecosystems, biotic 
and abiotic components and their 
interactions, with a specific focus on global 
change and anthropogenic pressure;

• https://www.iret.cnr.it/en/

• Labs: Dendrobiology (Sesto Fiorentino)

• Department: Physical sciences and technologies 
of matter

• Mission: pure and applied research in the field 
of Optics, accompanied by  technological 
transfer, consulting for public institutions and 
businesses, metrology measurements and 
testing services and training activities;

• https://www.ino.cnr.it/?page_id=15732

• Labs: Biomedical Optics (Florence)
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National Institute of Optics
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THE BACKGROUND TO IDEAS: THE 
PNRR RELATED PROJECTS
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NBFC – spoke 4 – Activity 4.5.2 
‘Monitoring, functional characterization and 
traceability of resilient forest reproductive 
material for reforestation of forest sites subject 
to extreme events’

• Living labs: flooding, storms and post wildfire

PNRR_PRIN_2022 Project ‘DIVAS’ 
‘Developing of innovative methods to assess tree 
vitality after a wildfire through analyses of 
cambium sugars metabolism’



THE DIVAS PROJECT APPROACH: THE ROLE OF 
PIVOTAL SITES FOR ECOSYSTEM RESTORATIONS
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Wildfire intensity;

Damage level;

Site selection based on ecosystem 
services and human health and 
safety;

Degree of vulnerability of the 
sites



THE ‘TREE BY TREE’ SAFETY STRATEGY: 
THE FATE OF SCORCHED TREES

Class A Class C

30-50 %
scorched

Class B

50-70 %
scorched

70-90 %
scorched

VS

Is the tree's state 
compatible with the 
ecosystem functions it 
must fulfil over the 
medium and long term?

The issue relates to the 
delayed death of the 
scorched trees

Alive
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WHY ARE SCORCHED TREES DYING? FIRE EFFECT
ON TREE PHYSIOLOGY
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Irreversible damage
of phloem and cambium

60°C   15 min

Non structural
carbohydrates

Ethanol

Proxy of tree vitality and latent mortality

Bar et al. (2019). Fire Effects on tree physiology. New 
Phytologist 223:1728-1741 

Patrelli-Feltrin al. (2023). Death from hunger or thirst? 
Phloem death, rather than xylem hydraulic failure, as a 
driver of fire-induced conifer mortality. New Phytologist
237:1154-1163

Kelsey et al. (2017). Physiological Stress and Ethanol 
Accumulation in Tree Stems and Woody Tissues at 
Sublethal Temperatures from Fire. Bioscience 67, 5, 
443–451



USING BIOSENSORS AS SMART TOOLS TO DETECT
PROXIES OF TREE LATENT MORTALITY
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Glucose + O2 + H2O
GOx

Gluconic acid + H2O2

Clark type O2 electrode:

Ag anode, 4Ag + 4Cl− → 4AgCl + 4e−(4)Pt cathode, O2 + 4H+ + 4e− → 2H2O



GLUCOSE DETECTION IN SCORCHED TREES USING 
BIOSENSORS
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OPEN QUESTIONS: ‘MAP4FIRE’ PROJECT
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Q1) What are the effects of high temperature on cell integrity and ethanol and glucose metabolism in 
the phloem and cambium of burned trees?
 
 Optical and photonic approach (CNR-INO)

Q2) How could we identify new biochemical markers of delayed death trees in these stem 
compartments? 

 Optical and photonic approach (CNR-INO)

Q3) How could we predict the possible scenarios resulting from the release of burned-vital trees 
selected by biosensors and what are the implications for forest restoration planning in post-fire sites? 

  Post-fire delayed Tree death based model approach development (CNR-IRET)



OBJECTIVES: ‘MAP4FIRE’ PROJECT
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a) assessing the fate of scorched trees by using ethanol and glucose biosensors (developed in DIVAS 
project); 

b) morphological/structural and molecular/functional characterisation of post-fire tree samples (xylem, 
cambium and phloem) by a multimodal approach using non-linear optical (NLO) microscopy
techniques;

c) develop a decision tree based machine learning model for: 
i) estimating the fate of scorched trees (matching visual, optical and physiological data); 
ii) predicting scenarios resulting from harvesting of scorched trees or their release based

on visual assessment and biosensor approach in terms of fire risk and human 
safety.



SCHEMATIC REPRESENTATION OF THE MAP4FIRE 
PROJECT
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METHODS - WP2: ASSESSMENT OF THE FOREST 
STRUCTURE (CNR-IRET)
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Forest structure analysis by Mobile Laser Scanner: 
Pinus pinaster forest (UNIFI_DAGRI) 



METHODS - WP2: TREE GROWTH MONITORING AND 
GLUCOSE-ETHANOL DETERMINATION (CNR-IRET)
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Monitoring and samplings Real time monitoring

Glucose
Biosensor Tree ring analysis



METHODS – WP2: PRESCRIBED FIRE (CNR-IRET)
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Prescribed fire is a planned fire; it is also 

sometimes called a “controlled burn” or 

“prescribed burn,” and is used to meet 

management objectives. 

A prescription is a set of conditions that 

considers the safety of the public and fire 

staff, weather, and probability of meeting 
the burn objectives.

Test site 1: Prescribed fire (Pineta di Tocchi – Si) 



METHODS - WP3: NON LINEAR OPTICAL (NLO) 
MICROSCOPY TECHNIQUES (CNR-INO)
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• TPEF (two-photon excited fluorescence)

• SHG (second-harmonic generation)

• CARS (coherent anti-stokes Raman scattering)

2

pump stokesP I I2

exP I 2

exP I

Advantages of non-linear interactions

• High intrinsic spatial resolution 
• High selectivity of excitation
• Low photobleaching and photodamage
• Reduced scattering
• 3D optical sectioning capability



METHODS – WP3: NON-LINEAR MULTIMODAL IMAGING 
OF TREE STEM (CNR-INO)
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TPF

SHG

Lipid membranes

Lignin and cellulose

CARS

Starch and cellulose



METHODS – WP4: THEORETHICAL BACKGROUND 
MODEL APPROACH DEVELOPMENT
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METHODS WP 4: MODEL THEORETHICAL
BACKGROUND MODEL APPROACH DEVELOPMENT
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METHODS WP 4: MODEL THEORETHICAL
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METHODS WP 4: MODEL THEORETHICAL BACKGROUND 
MODEL APPROACH DEVELOPMENT
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METHODS WP4: EXPLANABLE RULE-BASED DSS
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METHODS WP4: EXPLANABLE RULE-BASED DSS
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METHODS - WP5: DISSEMINATION AND 
COMMUNICATION ACTIVITIES
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• The results of the project will be communicated through a specific press campaign

✓ press release

✓ websites and official portals of partner institutions

✓ social media campaign

✓ webTV

• Interviews and videos will be distributed through all communication channels of the 
CNR and partner institutions

•Communication initiatives related to CNR exhibitions and outreach projects

• Specific professional partership with press agency and services will be evaluated



OUTPUT/OUTCOME/IMPACT
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MAP4FIRE: multidisciplinary approach in which traditional forest competences are merged with 
biotechnology, imaging and AI technologies with the aim to develop a user-friendly protocol able to support 
the decision of the technicians in the field. 

• Technological innovation and/or industrial applications.

• integration of innovative technology (KET, Key enable technologies);

• green technology as a tool to reach carbon neutrality within 2050 (European Green Deal).

• Scientific community reinforcement.

• new model development of restoration ecology based on nature-based solution;

• contribution to EU 2030 Biodiversity strategy and New Biodiversity Future Centre (NBFC);

• support the strategy ‘One Health’ 

• Level of research internationalization.

• European Union priorities such as forest restoration (EU Forest Strategy, COM (2013) 659);

• minimization of water pollution (Water Framework Directive, 2000/60/EC);

• recovery of carbon sinks (2050 EU Low-Carbon Economy Roadmap, COM (2011) 112). 



A cura di Alessio Giovannelli

“Integrated multimodal approach for assessing tree delayed mortality to 
promote smart and sustainable management of forest postfire sites”

16.07.2025

Grazie per l’attenzione arrivederci!
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