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Experiences on fast growth and multipurpose 

forest species

Poplars

Fast growth,

Biomass,

Wood,

Agro-forestry systems

Ecosystem services 

Walnut

Multipurpose

Fruits,

Wood,

Agro-forestry systems

Ecosystem services

Chestnut

Multipurpose,

Fruits,

Food,

Agro-forestry systems

Ecosystem services

Geographic origin of 13 metapopulations of
the Populus nigra collection (white circles)
and geographic position of the three field
trials: ORL (1) and SAV (2) (black circles),
GDB (3) (red circle).

58-861

Poli 

F1 Populus nigra family (POP5)

162 clones planted in:

Cavallermaggiore (CAV, 2004)

Savigliano (SAV, 2008)

Viterbo (VT, 2008)

Montelibretti (MT, 2004)

P. nigra association population

Castanea sativa populations & full sib families

Juglans regia allelic richness across Europe 

J. regia ecotypes

Full sib families Grafting

J.regia varieties

Apical dominance 

for wood 

production



Target species

Changing 

climate

Changing 

threats

Changing 

products

Future challenges of tree genetic improvement



Evaluation UAGPF et CGAF 26-27 juin 2007

Breeding for long lived species

Requests driven by changing environmental, productive and societal needs

Management and 

conservation
of genetic resources

Specific added values
(new markets, circular

economy)

Adaptability

stability of performances in 

changing environment

 Multidisciplinary research activities at different scales: gene, individual, population, landscape

Continuous genetic

gains

for wood and fruit 

production

General objectives:
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A common parameter: Genetic Variability
Wide geographic range and high adaptive potential 

P. Faivre Rampant et al. 2016 

Populus nigra

Population structure analysis estimated from 600 SNPs distributed 

throughout the Populus nigra genome in validated genotypes.Longitude
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Geographical distribution of the 

populations and the genetic 

structure revealed by ADMIXTURE.

• Seven gene pools across the P. nigra Western range

• High level of admixture, clear genetic differentiation between populations 

• Italian populations structured along a latitudinal gradient, low level of 

admixture.



Main gene pools of C. sativa natural populations in Europe

Neutral diversity (SSRs)

K=3

Neutral markers

demography 

and migration

Genetic structure of populations

Functional markers

adaptation to 

environments

Genetic resources: genetic diversity

Castanea sativa
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• Three main gene pools across C. sativa natural range

• Different population genetic structuring: history vs. adaptation

A common parameter: Genetic Variability
Wide geographic range and high adaptive potential 



A common parameter: Genetic Variability
Juglans regia

Natural and human-mediated evolutionary historyWide geographic range and high adaptive potential 

Human-mediated dispersal routes of walnut during the Late Holocene as inferred by 

approximate Bayesian computation . Arrows represent the relationships between 

population pools used in DIYABC analysis (Pool 1, Pool 2, Pool 3, Pool 4) as inferred from 

stage 2, scenario 6b.



Adaptive variation: the study of growth phenology

Timing of bud flush and bud set represent a critical ecological and evolutionary tradeoff between

survival and growth.

Bud flush in the P. alba common garden study at Viterbo – Italy

Populus nigra



Adaptive variation: bud set in the P. nigra pedigree

Segregation confirmed important additive effects inherited from 58-861 and Poli parents  

 a favourable situation to identify QTL

 High phenotypic variation in F1 family (range 20 days) and moderate 

heritability (H2 = 0.45).

 Considerable genotype × environment (G × E) interaction in all 

phenological stages, low temperatures influence the sensitivity of the 

most plastic genotypes.

Populus nigra

58-861

Poli 

F1 Populus nigra family (POP5)
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Adaptive variation: floral phenology in chestnut

10 2 3 4

Pollen release

0 1 2 3 4

Stigma receptivity

Female 

flowers

Male 

flowers

Provenances  from Turkey

Western

Bursa, 

Istanbul

Hybrid zone: 

Karadere

Golcuk

Eastern 

Giresun

Hopa

Stages of floral phenology

Common garden studies on natural germplasm

VI Convegno Nazionale sul Castagno - CASTANEA2014 - Viterbo, 22-25 settembre 2014

Castanea sativa

• Phenology variation consistent with geographic and genetic distance:

western provenances express earlier flowering than eastern provenances

Date of pollen release

in common garden trial 

CNR IBAF

Genetic distance (neutral markers)
Hopa

Giresun

Golcuk

Karadere

Bursa

Istanbul



Genetic improvement and breeding 
(Twenty years of cooperation with CREA FL and CD)

Flowering period of female (white bars) and male (dashed bars) 
inflorescences for 11 Juglans nigra (JNB1-JNB20) and 50 Juglans 
regia (RAB3-RAB82) adult trees in 2010 (a) and 2011 (b).

Morphological characters of receptive pistillate flowers and mature catkins 
collected from 11 Juglans nigra (empty square) and 50 Juglans regia (filled 
square) adult trees ovary size (mean length of equatorial diameter A and 
polar diameter B±SD), mean length of style (±SD), stigma (±SD), and catkin 
(±SD). Statistical significance was tested by Student's t test with∗∗p<0.0001 

Juglans regiaAdaptive variation: floral phenology in walnut



Abiotic stress: response to salinity in P. alba

Differential mechanisms control

variability in salinity tolerance

• Salt exclusion in roots

• Salt compartimentalization in cells

• Plasticity of leaf micromorphology

• Stomatal regulation

• Transcriptome regulation

Candidate genes

Tonoplast proton pumps

Heat Shock Proteins (HSP70)

Trehalose-6-phosphate synthase

• Natural P. alba genetic resources to improve salinity tolerance

• Selection of functional molecular markers to aid breeding

• P. alba provenances from contrasting sites

• Comparative experiments (ex situ)

Populus alba



Phenotypic plasticity of Water Use Efficiency correlates with Xerothermic Index

Dry sites

Wet sites

Abiotic stress: drought tolerance in C. sativa 

• Provenances from dry sites express a higher phenotypic plasticity in response to drought

• Phenotypic plasticity contributes to environmental adaptation

• Delta 13C /12C isotope discrimination of leaves

Castanea sativa



Susceptibility to Drycosmus kuriphylus

in common garden provenance trial (CNR IBAF)

Resistant Susceptible

Biotic stress: chestnut gall wasp

Infestation potential of Dryocosmus kuriphilus Yasumatsu, 1951 (Hymenoptera: Cynipidae) in 

different natural populations of Castanea sativa Miller: an experimental ex-situ test

Bombi, Fedi, Zapparoli, Cammarano, Guidolotti, Pallozzi, Gaudet, Mattioni, Cherubini, Beritognolo, Villani

International Journal of Pest Management. Accepted for publication 

• Greek provenances:

• high percentage of resistant plants

• Valuable genetic resources for research and breeding

• Genomic studies are in progress

Provenance Sampled

plants

Resistant

plants

% of 

resistant

Coruna (SPAIN) wet 19 0 0

Malaga (SPAIN) dry 21 1 4.8

Pellice (ITALY) wet 17 0 0

Petralia Sottana (ITALY) dry 20 0 0

Paiko (GREECE) wet 20 3 15

Hortiatis (GREECE) dry 20 6 30

Infestation of buds 2016

Castanea sativa



Selection of J. nigra and J. regia genotypes 

susceptible/tolerant to biotic stress (Gnomonia leptostila) 

by neutral and functional markers  

Selection of hybrid walnut plants in common garden.

Identification of  maternal hybridogenic trees, putative 

fathers, and hybrid progenies.

Reproductive 

success of male 

parents

Functional molecular markers 

associated with Resistant or Resistant-

analogs  genes  used for the early 

selection of genotypes 

tolerant/susceptible to diseases.  

(NBS profiling approach) 

Genetic improvement for interspecific walnut hybrids 
(cooperation with CREA)       

Juglandetum  CREA

Pathogenicity test in vivo
Controlled interspecific crosses



Improvement of local varieties and ecotypes: molecular, morphological, biochemical markers

Alt. mt 

700/1200 

mt, clima 

rigido

Alt.700 mt, 

clima 

fresco -

temperato

Alt. 300 mt,

clima caldo-

temperato

Analisi delle coordinate principali basata su 10 SSR

Varietà conosciute di confronto:

Sorrento e Malizia (Campania), Bleggiana  (Trentino) e Feltrina (Veneto)

Phenotypic characterization of productive traits (fruit quality) in walnut

Juglans regia



Towards more collaborative multidisciplinary research activities for 

tree breeding in Italy?

 Agro-forestry species are multipurpose and ecologically relevant, but with low

economic impact

 Tree species require permanent infrastructures for long-term research and

breeding

 Characterised tree genetic resources available in collections are valuable for

breeding but underexploited

 Part of the novel scientific knowledge not yet used in innovative Italian tree

breeding programmes

 How to improve the system?

Thanks for your attention!


