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Monitoring functional characterization 
and traceability of resilient basic propagation 

material for ecosystem restoration 
and nature-based solutions;

“from seed source to seedlings ”



Nature Restoration Law: A key element of the EU’s biodiversity strategy for 2030

The key element of the EU Biodiversity Strategy, which sets
binding targets to restore degraded ecosystems, in particular those
with the most potential to capture and store carbon (carbon rich
habitat) and to prevent and reduce the impact of natural
disasters.







Task 4.5.2 – Monitoring, functional
characterization and traceability of resilient
forest reproductive material aimed at the
reforestation of forest sites subject to
extreme events;

i. Identification of populations resistant to biotic
stresses: Norway spruce

ii. Identification of drought-resistant and resilient
populations for natural (Silver fir) and urban
(Sycamore and Quercus robur) ecosystem
restorations

iii. Seed priming and seed quality

Which genotypes, species and habitats?
Knowledge gaps

How do trees adjust
physiology to cope
stress in urban
environments?

How do trees retain
memories of stress
events and enhance
their future resilience?

Local is the best?

Successful outcome of tree establishment & 
Adaptive forest management

CNR-IRET, Firenze, Porano, Montelibretti; CNR-IBBR,
Firenze; Università Pavia; Università Firenze-DAGRI;
Carabinieri Forestali- CNCB; Veneto Agricoltura; Università
della Tuscia, DIBAF

Does genetic variability
within populations enhance
the productivity and drought
resilience of silver fir?

Physiological phenotyping
monitoring

LV LN
VN OS

Herbaceous 
Table



- National Park of Parco Appennino Tosco 
Emiliano

Natural distribution of European spruce 
and bark beetle diffusion

T. Hlasny et al. 2021

EUFORGEN: European Foret Genetic Resources Programme

Regeneration of Norway spruce, Lago Verde 

Local is the best? Negar Rezaie1, Ettore D’Andrea2, Andrea Piotti3, Camilla Avanzi, Gabriele
Cencetti3, Marco Michelozzi4, Maurizio Sarti2, Emanuele Pallozzi4, Alessio
Giovannelli1

1CnrIRET-Firenze, 2CnrIret-Porano, 3CnrIBBR-Firenze, 4CnrIret-Montelibretti



European spruce bark beetle
Study sites

Aim of study: Verify whether southern spruce provenances
could be used for genetic improvement for creating less
susceptible genotypes to bark beetles.

Lago Verde _29.09.2023 

Autochthonous Alpine plantations

Campolino _03.10.2023

Field monitoring

• Forest structure assessment

• Terrestrial survey of bark beetles; 
epidemic/endemic

BVOCs analysis

Field samples collection
• Phloem and xylem sample
• Volatile organic compound GC/MS 

analysis 

Remote Sensing analysis

• Maps of temporal bark beetle outbreaks

Validation



Genetic control of BVOCs composition

Comparison of healthy trees Solid-phase volatile extraction (SPE)



Comparison of the BVOCs over different stage attacks

Kandasamy et al.2019

Markus Kautz et al.2024
Lago Verde

Campolino

Environmental factors have a major effect on a 
tree's susceptibility

European Forestry Institute 
Classification



Does genetic variability within populations
enhance the productivity and drought resilience
of silver fir?

Negar Rezaie1, Andrea Piotti2, Gianluca D’Onofrio3, Alessio
Giovannelli1, Dario Liberati3, Paolo d’Angelis3, Sofia Pagliarani3

,Emanuele Pallozzi4, Walter Stefanoni4, Camilla Avanzi2, Ettore
D’Andrea5

1CnrIret-Firenze, 2CnrIbbr-Firenze,3 University Of Tuscia, 4CnrIret-
Montelibretti, 5CnrIret-Porano

Avanzi et al. 2024

One-year-old nursery seedlings of the Tuscan-
Emilian Apennine National Park, 4 populations 
with different genetic intra popoluation
variability;
1. La nuda_Cerreto (LN)
2. Lago Verde (LV)
3. Orsaro (OS)
4. Ventasso (VN)

Hydroponic System, growth chamber University of Tuscia

16.04. 2024 16.08. 2024
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Seedlings Productivity
• Biometric measurements of seedlings length, apical shoot increment and total biomass dry matter

• Biomass allocation (root/shoot proxy)



Correlations between Ne and Biomass Components

FISAr96HENe/NcNeNcN. 
Samples

Popula
tion

0.0682.8570.3140.1875158048OS

0.0253.2770.3770.804040250050LV

0.1172.5370.3810.1967126161VN

-0.0303.4850.4071.024492290050LN

linkages of physiological traits associated with genetic 
parameters

Ne= Effective Population Size , represents the
conservation parameter par excellence for monitoring the
relationship between demography and genetic diversity
of populations.

Ne/Nc= Percentage of the reproductively active
population

genetic parameters



Seedling Fine root dynamics

20/03/2024 11/06/2024 01/08/2024 

Ventasso

La Nuda

WinPHIZO Scanner 

Fine root 
(g.d.w.seedling)



Adaptation or recovery?
Seedling physiological response to drought stress

La NudaOrsaro VentassoLago Verde

Biogenic volatile organic 
compounds



Urban forests, provenance
matters: Investigating its
influence on growth and
physiological responses to
drought in Quercus robur and
Acer pseudoplatanus

• Assess the growth, physiology and phenology, during the entire
growing season, of northern, central and southern Italian
provenances of two species widely used in urban contexts across
Europe, Q. robur (five provenances) and A. pseudoplatanus (four
provenances]);

• test if the provenance influences the physiological response to water
stress and subsequent rewatering.Università Firenze-DAGRI, CnrIret-Firenze, CnrIret-Pisa



Improving 
seed 
processing 
protocols for 
forest species



Improved germination: seed priming

Populus alba spp

SEED MOLECULAR PHYSIOLOGY LAB



Strategies For Improving Seed Quality
SEED MOLECULAR PHYSIOLOGY LAB

1Prof. Alma Balestrazzi, 2Alessio Giovannelli

Comparison among the three treatments. CT (top series) 
and PET (bottom series) 

• Positron Emission Tomography (PET) 

Forest Seed

• UT (untreated control seeds).
• HP (hydroprimed seeds): 12 h imbibition in dH2O,

followed by overnight (24 h) air drying.
• AA (artificially aged seeds): 24 h at 58 °C.

Germination test 



Herbaceous Table

• The tractability of local herbaceous species (seeds and pot plants) in Italy and their fundamental role
in ecosystem restoration and NbS with tree species.

• Lack of a certified nursery supply chain.

CNR_IRET: Giovannelli Alessio, Negar Rezaie, Ettore D’Andrea, Isacco Beritognolo, Muriel Virgine
Gaudet, Sara Di Lonardo, Francesca Bretzel (Pisa)

UNIPV: Alma Balestrazzi, Andrea Mondoni, Anna Corli, Simone Orsenigo

Centro Nazionale Carabinieri Biodiversità Pieve Santo Stefano e Peri: Silvia Biondi, Alberto
Veracini, Vincenzo Andriani

More Info: Alessio.giovannelli@cnr.it

Prospective of Task 4.5.2



SEED MOLECULAR PHYSIOLOGY LAB

CNR IBBR
Institute of Biosciences and Bioresources

Thank you

The international conference “TRACE 
2026 – Tree Rings in Archaeology, 

Climatology and Ecology”

May 2026

National Research Council_Rome
CNR Isafom, CNR IBE, CNR IBBR, 

(CNR IRET???)

More info: 
rezaeisangsaraki.negar@cnr.it

ECOphys LAB
Gianluca D’Onofrio


