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• The maritime pine breeding program

• The current genetic evaluation system

• Genetic gains in improved varieties

• Evolution of genetic variation in successive 
breeding populations



Maritime pine in France
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Maritime pine in France

 Main plantation species
– 10% of French forests 
– 24% of the harvest

 In Aquitaine
 0.8 million ha
 11 m3/ha/year
 8.5 M m3 harvested /year

Verkerk et al. 2015
Forest Ecol Manag





Maritime pine plantations
clear-cutting

(35-40 yo)

1st thinning 
(11-12 yo)

2nd thinning 
(17-19 yo)

3rd thinning 
(22-27 yo)

pruning

Soil preparation 
and planting
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Maritime pine breeding program 

 Initiated in the 60’s : 
– Base population ~600 plus trees selected 

in the Landes forest
– Recurrent selection scheme
– Managed by a public – private

consortium (GIS « Pin Maritime du 
Futur ») since 1995

 Selection criteria
– Evaluation at 10 – 12 years old
– Volume (growth) 
– Wood quality (stem straightness)

 Seed orchards: 
– Generalist varieties from open pollinated 

seed orchards established with 40-50 
genotypes

– Improved varieties = 90% reforestation



Improved 
varieties

Progeny trials

Breeding population

Cross 
pollinisation

Recurrent selection scheme

Selection



Landes population = P0

~600 Plus trees = G0

~2500 selected P1 trees = G1

Progenies of G0 trees = P1

Progenies of G1 trees = P2

Phenotypic
selection

Genetic
selection

crossescrosses

~1000 selected P2 trees = G2

Genetic
selection



… now structured into sublines

Large initial maritime pine breeding population… 

~ 600 G0 (« plus trees »)

~ 2600 G1

~ 1000 G2

• phenotypic selection of plus trees in the 60’s

• recurrent selection based on growth and straightness

• selection of G1 by INRA and FCBA (high level of relatedness

between G1 trees)

• selection of G2 by INRA

Effective population size = 135

 sublining to control pedigrees:
• coancestry is controlled by subdivision of the breeding population into non-related sublines
•OP seed orchards will be constituted with selected trees from non-related sublines





Population de 
conservation

Population 
d’amélioration

Population de 
multiplication

Schéma de sélection recurrente

Sélection arbres plus
=  population G0

Croisements polycross

Selection des meilleurs
parents

Selection des meilleurs
descendants = G1

Parc à clones Vergers à graines

Parc à clones

Sélection
« backward » 

Sélection
« forward » 

Vergers à graines

Croisements plein-frères

Croisements polycross

Selection des meilleurs
parents

Selection des meilleurs
descendants = G2

Croisements plein-frères

Vergers à grainesParc à clones
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Genetic evaluation system



Limitations
• Breeding values from different trials are not comparable

• Informations from different trials were not combined

Previous methodology

• Phenotypic data adjusted for environmental effects

• Only simple pedigree relationships were taken into
account (half-sib families for example)

• Analyses carried out trial by trial



Individual model

• Mixed model: fixed effects (environmental components) and 
random effects (genetic components)

• Phenotypes are linked by a genetic relationship matrix 
computed from the pedigree

• Effects estimated simultaneously by maximum likelihood 
(ASReml software)

• All the pedigree information is taken into account to accurately 
estimate both the genetic parameters and the breeding values 

 Best Linear Unbiased Predictor (BLUP)



Var(a) = A . σ²A
σ²A = additive variance
A = genetic relationship matrix

y = Xb + Za + e

Random effects
Genetics

Fixed effect
Environment

1 + Fi

2 x Фij

2 x Фij

Фij = coancestry or coefficient of kinship

Fi = coefficient of inbreeding
A =



BLUP evaluation
Population G0

Population G1

Population G2

Test 1 Test 2 Test 3



Population G0

Population G1

Population G2

Test 1 Test 2 Test 3

BLUP evaluation



Population G0

Population G1

Population G2

Test 1 Test 2 Test 3

BLUP evaluation





Maritime pine breeding values
More than 500,000 trees in the database



Genetic gains in improved
varieties



 First generation improved varieties: +15% for volume and stem straightness
(but very variable depending on site caracteristics)

 +30% is expected for second generation improved varieties

Traits under selection



Ring width Wood density
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Improved varieties: genetic gain for growth associated with a slight decrease of 
wood density

âge du peuplement

Unimproved
material

- 4,5% 

+15%

Improved
variety

Unimproved
material

Improved
variety



Correlations between wood density and selection
criteria in the breeding population

Corrélation 
phénotypique

Corrélation 
génétique

circonférence - densité -0,09 (0,04) -0,21 (0,19)
hauteur - densité  0,00 (0,04) -0,08 (0,16)

écart à la verticalité - densité  0,00 (0,04)  0,08 (0,17)

Estimation à partir des tests Hermitage et Pissos (1150 arbres)



Evolution of genetic variation 
in successive breeding

populations



Trade-off between gain and variability

Preserving variability to 
allow for future gains 

and new criteria

Evolution of 
variability for selected

traits?

Genetic gain Genetic variability

Maximizing gains to 
produce high value 

varieties

30% gains for 
growth and stem 

straightness



Landes population = P0

Plus trees = G0

Selected P1 trees = G1

Progenies of G0 trees = P1

Progenies of G1 trees = P2

Phenotypic
selection

Genetic
selection

(~5%)
crosses

crosses
3 trials

7 trials

15 trials 25 progeny trials analysed

Breeding populations and progeny trials studied



G0

G1 

P0

P1

P2
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Heritability

Coefficient of 
genetic variation

Evolution of genetic variation for selection criteria

• High decrease of genetic
variation (~30%) between
P0 and G0 (selection of 
the base population)

• Low or non significant
decrease between the two
first breeding populations



G0

G1 

P0

P1

P2

Evolution of genetic variation for wood density

population P0

population G0

population P0

population G0

population P0

population G0

héritabilité

variabilité génétique

variabilité phénotypique

Densité du bois

0,53 (0,18)

0,45 (0,09)

5,5% (1,0)

5,1% (0,6)

7,5% (0,3)

7,5% (0,2)

• Non significant decrease of genetic variation 
for wood density between P0 and G0



Evolution of mean

(varieties)

Evolution of genetic
variation

(breeding population)

Growth Wood density

from P0 to G0

Stable or low decrease
between G0 and G1

Stable

Future genetic gains New selection criteria


