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Caracterisation of tree architecture and functions range of
cultivars
- Changes in flowering time in response to globalmag
- Growth and branching — Reactions to tree maniparati
- Estimation of physiological capacities of treearfspiration,
photosynthesis) in response to environmental cromdit
- Modelling and simulation of 3D tree developmend @mysiology
over years

Genetic determinisms of tree architecture and fanst
- Tree morphology and architecture
- Leaf functions and tolerance to abiotic stress\@pour pressure
deficit, water stress)
—> QTL mapping, candidate genes



Databases
MTG for architecture (tree topology)

Digitizing (tree geometry)
Climatic chambers, phenotyping platfoer
AgroClim for flowering time

Statistical models | Mechanistic models :
« Stochastic models for * eco-physiology
growth, branching e.g. RATP
and phenology « Biomechanics
e Quantitative genetic

models A

|

Integration in
L-system Simulation:
MappleT ¢
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Une plante 3D obtenue par digitalisation
Reconstruction +/-
Digitalisation simplifiee par PlantGL
au champ

Mesure des axe
ligheux

(Godin et al., 199¢
Costes et al., 1999)

o L W

Mesure de la distributic:& e
3D du feuillage : iw

(Massonet et al.,
2004)

observation

Avantages:  Opéerationnel ,M.
Fiable ..ii‘.

Inconvénients: Mesures longues et fastidieuse
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rResultsaxis1 1 ree architectureand alternatebearing
a positiverelationshipbetweerreturn-bloomand low
branching density

ring in terminal position
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Nurrber of leaves of shoot

(Lauri and Trottier, 2004)

The interest of apple
genotypes with medium-
length branches.

The interest of training
protocols which
homogenize the length
of branches.

young spur thinningc@g
(Lauri et al.,1997) (artificial extinction ) V-



resultsaxis 1 lMplications for treetraining and pruning
manipulation of tree architecture to improve:
1 — fruit quality and regularity of bearing
2 — control of pests and diseases in the context of ICP (PFI)

Tree with Centrifugal-trained
classical tree
training and
pruning: a
dense within-

tree canopy

A tree with a
high porosity
to light, to

enhance and
l 1 homogenize
fruit quality,

and decrease
pest and
disease
incidence €



Effet relatif de la ©Epartition 3D du feuillage et des
capaciés dechanges gazeux des feuilles chez deux

cultivars Fuji etBraeburn

L eaf functions

-stomatal regulation:

higher g,axand more rapid gresponse to
VPD in 'Fuji' than in ‘Braeburn’

- higher leaf respiration (R in ‘Fuji’

- photosynthetic capacities {(Max Jnax)
not significantly different

Mean (see) Struc. Func. SxF
Transpirationmol H,0 m?2 day?)

(F, F) 104.0 (28.2)

(B,B) 84.3 (22.2) ** ** ns
(F, B) 87.8 (23.6)

(B,F) 100.2 (26.7)
Photosynthesignmol CG m2 day?)

(F,F)  469.7 (111.3)
(B,B) 4042 (91.8) **  ** g
(F, B) 422.9 (101.6)

(B, F) 450.@101.0)

Massonneet al.,2008 4



Time-course variation of apple F1 dates  (10% of flowers opened)
‘Golden Delicious’ at four locations
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Mean F1 date
Angers Nimes
1989-2002 18 april 4 aprii  Advances in F1 date by 7-8 days

Legaveet coll (2008)

1976-1988 25 april 11 april




F1 date

OO Mean duration of chilling effect Bl Mean duration of heat effect
(year n)

Angers 1976-1988 I

Angers 1989-2002 .
Bergerac 1976-1988 I
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Number of days from October 22 (year n-1)

Two effects of global warming may explain the floweringradce (7-8 d), since the
end of years 80 :

» a slight increase in the duration of chilling effects (8)5and

« a more marked decrease in the duration of heat effe@td31d) whatever loc&lion



Un modele structure fonction basé sur la dynamiqueu
déeveloppement architectural
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A hierarchical model for tree topoloc

GU
scale

< succession
+ branching

Metamer
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Hldden semi Markov Chaln From Renton et al., 2006




Comparing simulation output to digitised trees:

Counting GU at the whole tree scale
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Sensitivity analysis of the tree shape to the pipe

model exponent

2.8 2.6 2.4 2.2 2



Comparing simulation output to digitised trees:

Envelop calculation on fruiting branching system
P=2 P=25 P=3 Digitised tree



Comparing simulation output to digitised trees:

Numerical outputs
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