


Stress: est considéré comme étant une déviation significative des
conditions optimales de vie — c’est une contrainte externe qui empéche le
fonctionnement normal d’'un systeme.

Strain: la déformation induite par le stress dans le systeme.

Régime de stress: fréquence, périodicité, intensité, durée.




Acclimation: if tolerance increases as a result of exposure to prior
stress, the plant is said to be acclimated or hardened.

Acclimation can be distinguished from adaptation

Adaptation: usually refers to genetically determined level of resistance
acquired by a process of selection over many generations.

To add to the complexity, gene expression plays an important role in
acclimation.



La réponse au stress : reponses immédiate,

différée, endurcissement, acclimatation et rupture.
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La réponse au stress : traits genéeraux

Threshold temperatures of resistance to heat
and to frost

 Acquisition de résistances
* Les plantes répondent
souvent a une combinaison
Ou a une série de stress

Frost resistance |"C] +——
------p Heat resistance [*C]
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Water saturation deficit [%%]

Mechanisms associated with the coupled acquisition of two forms of resistance are
stress induced proteins that stabilize the structure of the protoplasm.



La réponse au stress : traits genéeraux

» Cout de la mise en place d’'une résistance au stress
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Reéponse au stress hydrique : traits generaux

» Ajustement osmotique cellulaire : maintien de I'équilibre hydrique
(turgescence) par augmentation de la concentration en ions

 réduction de la surface foliaire (via une diminution de la turgescence et un arrét de
croissance ou une chute de feuille lié a la une cavitation au niveau du pétiole)

* Biosynthese de protéines de stress et métabolites secondaires (colt en
énergie éleveé)

 Hormones de stress: ABA, Ethylene = réponse intégrée de la plante
entiere

* Fermeture stomatique (hydropassive et hydroactive), baisse de
photosynthese et production, respiration accrue

» Allocation du carbone : compromis entre croissance en dimension versus
resistance aux stress.



2. Les types de reponse a la contrainte hydrique: plusieurs

manieres de résister a la secheresse

Resistance
I
I |
Escape EXxposition au
Stress
(ex: pérennes)
I
Phénologie | |
Avoidance Tolerance
(’exr; @ nr)uellﬁ ) -Water savers - Xylem resistance
ephemerophytes regulation stomatique (ex: Juniperus)
osmoregulation
stockage hydrique - protoplasme resistance
(ex: cactées, pinacées, ) (ex:plantes reviviscentes,

Lichen)
-Water spenders
enracinement profond
(ex: mesquite tree)



2. Les types de reponse a la contrainte hydrique: plusieurs

manieres de résister a la secheresse

Drought escape: escape strategy consists in adjusting
leaf phenology to minimize coincidence of sensitive growth
stages with expected periods of drought.

Desiccation postponement: avoidance strategy consists
in reducing losses during periods of stress, closing

—~L L.

stomata or allocating carbon for deeper roots. (the ability t
maintain tissue hydration)

(@]

Desiccation tolerance: tolerance strategy consists in
withstanding drought by increasing xylem resistance to
cavitation.



2. Isohydry and anisohydry
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Stomatal conductance vs leaf water potential for pifion (open circles) and
juniper (closed circles) at Mesita del Buey, Los Alamos, New Mexico. Data from
Barnes (1986).



La réponse a la contrainte hydrique:

Water potential (MPa)

-10.0

exemple de comportement anisohydrique
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Hammada scoparia, C4

— But also sunflower or
barley

re-equilibrage du
potentiel avec celui du
sol la nuit .

L'écart ¥ nuit — ¥ jour
est maintenu (pas de
regulation)

Pression de turgescence
negative (plasmolyse)

(tolérance)



La réponse a la contrainte hydrique:

comportement isohydrique et croissance en dimension
chez le Pin maritime
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La réponse a la contrainte hydrique:

comportement isohydrique et croissance en dimension
chez le Pin maritime

* Pinus pinaster, C3 (autres : maize, pitch, and poplar)

re-equilibrage du potentiel avec celui du sol
la nuit .

e L'écart ¥ nuit—V¥ i

stomatique)

Pression de turgescence reste >= 0
(prévention)
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Osmoregulation
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Phénomeéne fréquent chez les plantes (betterave sucriére) mais pas universel ; comme la
vigne



Adaptation du fonctionnement integre de I'arbre entier
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 Larelation surface foliaire — capacité conductrice exprime l'intégration
du fonctionnement hydraulique au niveau de |'arbre entier.

« Elle dépend de la conductivité spécifique du Xyleme.

 Les plantes de milieu aride ont un rapport feuille / aubier plus faible.



Adaptation du fonctionnement integre de I'arbre entier
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Surface foliaire (m2.plante')

La relation surface foliaire — capacité conductrice
exprime l'intégration du fonctionnement
hydraulique de la plante.



Adaptation du fonctionnement integreé de la plante

Rapport surface foliaire / surface d’aubier (A/A.)d’espéces coniferes
classées suivant l'aridité du milieu

Ayt

Species Common name (m*m™)
Mesic environments

Abies balsamea Balsam fir 6700-7100

A. amabilis Pacific silver fir 6300

A, grandis Grand fir 5100

A. lasiocarpa Subalpine fir 7500

Larix occidentalis Western larch 5000

Picea abies Norway spruce 4600

P. engelmanni Engelmann spruce 2900-3400

P. sitchensis Sitka spruce 4500

Pseudotsuga menziesii fir 3800-7000

Tsuga heterophylla Western hemlock 4600

T. mertensiana Mountain hemlock 1600
Average 5000 = 500
Keric environments

Juniperus monasperma One-seeded juniper 800

1. occidentalis Western juniper 1800

Pinus contorta Lodgepole pine 1100-3000

P. edulis Pinyon pine 2500

P. nigra Austrian pine 1500

P. ponderosa Ponderosa pine 1900

P. sylvestris Scotch pine 1400

P. taeda Loblolly pine 1300-3000
Average 1800 = 200

Source: Margolis et al. 1995,



Courbes de vulnérabilité a la cavitation
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Milieux plus arides
Xyléme plus « colteux »
Croissance plus lente

Pousser vite, étre grand versus preserver son xyleme.

Coniféres: le genévrier (Juniper) est moins vulnérable que le sapin (Abies)
Feuillus: Acer est plus vulnérable que la mangrove (Rhizophora)



Le compromis hydraulique

efficacité — vulnérabilité — support méca.

Taste 6. Hydraulic conductance of xylem conduits, maximum velocity of water transport through the
conduits and xylem diameter for stems of different types of plants.

Hydraulic conductivity of xylem lumina Maximum velocity Vessel diameter
(m*s” 'MPa™") (mms™) um

Evergreen conifers 5-10 0.3-0.6 <30
Mediterranean sclerophylls 2-10 0.1-0.4 5-70
Deciduous diffuse porous 5-50 0.2-1.7 5-60
Deciduous ring porous 50-300 1.1-12.1 5-150
Herbs 30-60 3-17

Lianas 300-500 42 200-300

« La conductivité augmente avec la puissance 4 du diametre
d'un cylindre.

« La conductivité du xyleme dépend plus du diametre des
ponctuations que de celui des vaisseaux (trachéides)

* Dbois poreux > bois diffus > coniferes

« Latige d'une liane a la méme conductivité qu'un tronc de
section 10 x plus importante.



Vulnérabilité a la cavitation

Vulnérabilité du systeme conducteur a I'embolie liee a la sécheresse : ¥,

TaBLE 2. Vulnerability to xylem cavitation ("Fs,. MPa) and specific conductivity (Kg kg-m 'MPa s} for the various
functional groups included in this study {means = 1 sg).

Cavitation Conductivity
Functional group /‘]I_q,jI \ MAP (mm} i / F..L,\ MAP (mm) n
Angiosperms
winter deciduous shrubs 2.66 I 40 2 .57 140 2
Winter deciduous trees 2.34 = 017 THE = (2 46 1.38 = 0.22 777 + B5 30
Drought deciduous shrubs 447 = 064 196 = 23 9 1.55 = 0.68 o6 = 26 3
Drought deciduous trees 203+ 048 [383 = 387 5 0.96 + 0.22 1383 + 387 5
Evergreen shrubs 5.09 = 0.54 Tol = 175 21 .75 = 0.74 434 = 118 8
Evergreen trees [.51 = 0.23 2610 = 152 44 243 = 0.62 1539 + 247 12
Gymnosperms
Conifer shrubs B.95 + 1.8l 511 = 174 5 0.24 465 2
Conifer trees 4.17 = 0.33 D84 = 136 34 0.48 = 0.05 B17 = 103 22

Notes: Mean ( = | sE) annual preciNtation (MAP) and sample size (#) for each grigp and vafiable combination are included
for comparison. Standard errors were Wt caldilated for those groups with # = 3.

4 N

Le compromis hydraulique efficacité
—vulnérabilité

\ / Maherali et al, 2004




Vulnérabilité a la cavitation
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La reponse a la contrainte hydriqgue: comportement evitant chez le

Pin maritime (Dulhoste, 2005) esp. isohydrique
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Vulnérabilité a la cavitation et controle stomatique

evolution de la conductance stomatique et de la
conductivité au cours du déssechement
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Vulnérabilité a la cavitation et controle stomatique

vulnérabilité et controle stomatique
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Vulnérabilité a la cavitation et fonctionnement stomatique
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La réponse a la contrainte hydrique

Minimum native xylem
water potential (MPa)

-10 T 1 rl
-18 -15 12 -9 -6 -3 0

Xylem water potential
at 100% loss conductance

FiGure 20. Xylem pressure required to induce 100% cavi-
tation versus minimum pressure chserve in the field.
Dashed line indicates 1:1 relationship. Each point is a
different species (Sperry 1995). Copyright Academic Press,
Ltd.




Biodiversité, genes & communauteés

Story Il. Mechanisms of plants survival
and mortality during drought
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Drought-induced forest dieback

Breshears et ai 2009

Juniperus monosperma

Pinus edulis



Why do some plants survive while others
succumb to drought?
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Fig. 2 Percentage mortality of pifion (open circles) and juniper
(closed circles) trees at a 1.5 ha site, Mesita del Buey, near Los
Alamos, New Mexico. For pifion, 16 of 484 trees survived (97 %
mortality), whereas for juniper, 559 out of 561 trees survived

(< 1% mortality).



Drought-induced forest dieback

Breshears et al 2009 Linton et al 1998

Pre-dawn plant water potential (MPa)
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Mortality by hydraulic failure per se?



Hypotheses on mechanisms of drought-related mortality
related to the intensity and duration of water stress
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Theoretical predictions of the mechanisms of drought-
related mortality for species utilizing isohydric vs

anisohydric regulation of water potential.
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Biodiversité, genes & communauteés

Story lll. Cavitation resistance, survival
and species distribution?
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1. Survival and cavitation resistance




(MPa) Transpiration rate (mmol m?> g’ )

Midday leaf water potential

Whole plant hydraulic conductivity
{mmol m?s’ MPa’1]

1 o ©
- © Figure 4. An example of recovery from mild (black circles) and severe
21 (white circles) water stress in rewatered plants of L. franklinii. The
mildly stressed plant shows a minimal reduction of K, and is able to
- rapidly recover leaf hydration and gas exchange. By contrast the
M~ severely stressed plant experiences profound depression of K, that
recovers slowly, thus limiting gas-exchange recovery, which has a t,, of
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Y., in stems (-MPa)

In conifers
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1. Survival, species distribution and cavitation resistance
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Cavitation resistance correlates with species

drought resilience/survival
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Cavitation resistance correlates with species

ecological preferences

Species vulnerability to cavitation, P5,
o MPa
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Species ecological preference, as
measured by plant ecologist
(Rameau et al)

Cochard et al, unpublished
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Populus euphratica
Salix fragilis
Populus trichocarpa
Populus alba
Alnus glutinosa
Salix caprea
Juglans regia

Salix caprea

Betula pendula
Quercus rubra
Populus tremula
Pinus nigra
Quercus robur
Fraxinus excelsior
Populus nigra
Fagus sylvatica
Pinus sylvestris
Pinus cembra
Quercus petraea
Pseudotsuga
Cytisus scoparius
Picea abies

Pinus pinaster
Abies alba

Pinus mugho
Carpinus betulus
Euonymus europaeus
Cedrus atlantica
Pinus corsicana
Quercus suber
Lonicera etrusca
Quercus ilex

Pinus Halepensis
Amelanchier ovalis
Prunus spinosa
Crataegus monogyna
Taxus baccata
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Cavitation resistance versus vegetation type

Vulnérabilité du systeme conducteur a I'embolie liée a la sécheresse : ¥,

Vegetation type

Tropical
Medit. Desert Temperate forest and woodland dry forest  Tropical rain forest

©
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Fig. 1. The distribution of vulnerability to water-stress-induced cavitation (as determined by xylem tension at which 30"
cavitation occurred [ sg] ) for the species used in this database, ranked by magnitude within five vegetation types. The median
ey for each vegetation type. along with the sample size for that group, is shown in the inset.

Maherali et al, 2004



Implications inter-specific level A relatively large number of
species can now be screened.

162 species 10 species within the genus Prunus
(angiosperms and gymnosperms)

¥, (MPa)

. . .Y ¥
Mean annual precipitation (mm) o &P SE Q}q? Q,%‘\Q @(\‘(&’\% é{@,&@
CHER RN >
0 600 1200 1800 2400 3000 3600 L FELHFLFE S EFS
D T ' 3_ Q‘ Q. Q. IQ‘ IQ. IQ. IQ‘ IQ. IQ. IQ‘
-2 H . '
— -
4t . N
-6 J . .
st 9 * d
-8 of o
_10f ® ** 5 5 " e L
12} o100 1000 x « T L
—14F ® -6 "o of =
—16} Tt " . ° ng ?
_1g | A) Al taxa % 208 & TR Y ;.
ED_rz—D.EB" Wry 9 oo -

Maherali et al 2004 Ecology Cochard et al submitted to Plant Cell Environment




Minimum xylem pressure (W,,,) as a function of embolism resistance (¥5,) for
191 angiosperm and 32 gymnosperm species. The dashed line indicates the 1:1
line. The safety margin is the distance between each point and this line. Points
were binned in 1.0 MPa increments for Wy,.
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Box plot of hydraulic safety margins for angiosperm and gymnosperm
species across major forest biomes. The W, (W, ., — W5,) safety margin is
shown in Fig. 2a
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Biodiversité, genes & communauteés

Story Ill. Evolutionary convergence vs.
evolutionary conservatism
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3. Evolutionary convergence vs. evolutionary conservatism?

Pinophyta

ra
=4
yar
o
L
=
\
(&}
=

P (MPa)

Dacryocarpus dacrylioides
Metazequoia
Pinus cembra
Pinus albicaulis
Pinus sylestris
Taiwana cryptomerioides
Chamaecyparis pisifera
Cunninghamia lanceolata
Abies lasiocama
Abies grandis
Picea abies
Pseudotsuga menziesii
Chamaecyparis obtusa
F'|nusﬂe><|{J|I|s
Pinus pinaster
Pinus mLéq
Sequoiadendron giganteum
Tsuga canadensis
Pinls ponderasa
Pinus contorta
Sciadopitys verticillata
Abies alba
Pinus edulis
Cryptomeria japonica
fiamaecyparis lawsoniana
Abies pinsapo
Pseudalariy amabilis
Pinus ucinata
Picea engelmannii
Thuya plicata
Lanx occidentalis
Tsuga chinensis
Larx decidua
Sequoia sempenvirens
Ginko biloba
Plnus halepensis
Tomeya grandis fortune
Cedrus atlantica .
Chamaecyparis nootkatensis
Thujopsis dolobrata
Tomeya nucifera
Junipierus communis
Tomeya californica
Taxus brevifolia
Taxus baccata
Cephalotaxus harringtonii
Cedrus deodora ;
Cthantaxus fortunei
Callitris rhomboidea
Cupressus torulosa
Juniperus osteoﬁf ema
Platycladus oriemalis
Juniperus scapulorum
Cupressus dupreziana
|:{Jressus sempenirens
Actinostrobus pyramidalis
Callltrls rhumbmdea
Fressus glabra
litris gracilis
Callitris preissii
Callitris collumellaris

Pinus

Pinus cembra

Pinus albicaulis

Pinus sylvestris

Pinus hartwegii

Pinus flexilis

Pinus pinaster

Pinus mugo

Pinus ponderosa

Pinus contorta

Pinus edulis

Pinus uncinata

Pinus pinea

Pinus radiata

Pinus halepensis

4

Delzon et al. 2010 PCE

Pinus pinaster

p=0.3

Q

<3}

-4.3

—£8
Ps, (MPa)

Bayubas

Coca

Oria

San-Cipriano

Mimizan

Tamrabta

-3.3

Lamy et al. 2011 PLoS ONE



Theory: Evolutionary patterns: convergence and conservatism

New tral't value

New trait value

Ancestral trait value X
New trait value

1

New trait value

Evolution

Convergence Conservatism

Traitgrams: species position
modified to describe trait values | _, ,
(in this case leaf size)

1 I

T T T T T T 1 T T T T T T
35 40 45 50 55 60 65 00 05 10 15 20 25 30 35

Ackerly, PNAS, 2009



Taxodium distichum
Dacrycarpus dacrydicides
Metasequoia glyptostroboides
Pinus cembra

o

©
@
28 o

FEon o
BEE&86g
2880
89 En
M |

Pinus
Pinus
° Abies
8 Abies i
abe Picea abies
““vv‘lv. L 4 aped P g
De|20n et al, 2010 et | p— Pinus flexilis
4 abed e Finus pinaster
aped s Finus mugo
abed o Scquoiadendron giganteum
abcd e Finus pondero
gggg _ Pinus contorta
abed HE— A_bles alba_
abed I FPinus edulis
I Araucaria hunstel
aped ' Abics pinsapo
abed HEE—— Pinus uncinata
abed e Picea engelman
aped e Thuja plicata
&bed HE—— Larix occidentali
abed — |arix decidua
1 bed S Pinus pinea
EV t I n r n V r n bed _ Sequoia sempervirens
. - e Ginko biloba
a a—— Pinus halepensi
I— s atlanti

s deodora

or trait conservatism ?

I

o - Psp (MPa_]n5 :
2. Evolutionary correlations 0
. 2|
among traits ?
& e |
Hacke et al., 2001 o . .
-12 ¢ .
-14 : : - ' _
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Total Wood Density (D,, g cm™3)



Methods

e Construction of phylogenetic trees using online
sequence database Genbank (genes rbcl, matK, and

18S)
e Testing for convergence or conservatism in the data:

K (Blomberg, 2003) and A (Pagel, 1999)

evolutionary convergence  “random” evolution trait conservatism

K=0.93 K=162
I I | I T T 1 | I I T I
35 40 45 50 55 60 65 5.5 6.0 6.5 7.0 75

* Correlations and Phylogenetic Independent Contrasts

Ackerly, PNAS, 2009
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The worldwide drought
tolerance spectrum

Cavitation resistance of 110
conifer species

High variability of P50
from -2.1 (Agathis australis)
to -16 MPa (Callitris collu)

s

-1

-14

-12

-10

-8

-6

S

-2

o

Taxodium distichum

Dacrycarpus dacrydicides

Pinuswallichiana

Pinus cembra

Chamaecyparis formosensis
Pinus albicaulis

Athrotaxis selagimoides

Taiwana cryptomerioides
Pinus hartwegii

Abies forrestii

Chamaecyparis thyoides
Pinus nigra

Abies grandis

Picea pungens

Chamaecyparis obtusa
Pinus pinaster

Pinus mugo
Sequoiadendron giganteunn
Picea koyamaes
Podocarpus nubigenus
Pinus contorta

Picea wilsonii
Cryptomeria japonica
Sciadopitys verticillata
Larix decidua
Pseudolarix amabilis
Picea engelmanmnii

Larix occidentalis

Tsuga chinensis
Lagarostrobos franklinii
Seqguoia sempeaervirens
Pilgerodendron uviferun
Ginkgo biloba

Torreya grandis fortune
Taxus cuspidata
Austrocedrus chilensis
Cedrus atlantica
Prumnopitys andina
Halocarpus bidwillii
Torreya nucifera
Juniperus communis
Taxus brevifolia
Podocarpus henkelii
Taxus baccata
Cephalotaxus harringromnii
Cephalotaxus fortumei
Cupressus sangentii
Cupressus torulosa
Platycladus orientalis
Juniperus scopulorum
Callitris rhomboidea
Actinostrobus pyramidalis
Callitris oblonga
Callitris gracilis
Callitris columellaris

Mylem pressure inducing 50% loss of conductance



3. Cavitation resistance of 60 genera (200 species)

:

Sundocarpus
Manoao X
Metasequoia
Athrotaxis
Wallermia
Tanvana
Saxegothaea
Cunninghamia
Pinus

Larix X
Chamaecyparis
Acmopyle

s

Sequoiadendron
suga

Picea B
Keteleeria
Cryptomeria
Sciladopitys
Pseudolari«
Pseudotsuga

uja

Lagarostrobos
equoia

Pilgerodendran
acnydium

ageia
Pagu acedrus
Austrocedrus

orreg,? :
alcatifolium
ujopsis
£ locladus
HKUS
Aﬁ‘ocarpus
-edrus
bocedrus
Cephalotaxus
Hantho aris
Jddringtonia
Diselma P
Cupressocyparis
Juniperus
Cupressus
FPlatycladus
Actinostrobus
Tetraclinis
Callitris

o
icraocachrys
g:.lmnoputys

L0,
=1

2

Family

- Araucariaceae
Finaceas

Taxaceaes

Family

NB SP

Araucariaceae

Pinaceae

Podocarpaceae
Taxaceae
Cephalotaxaceae

Cupressaceae

69

4 5 6 7 8
-Pso (MPa)

MEAN

271
3.76

FS
©
=

571

6.90

7.08

30

Number of species

2 3 4 5 7

9 11 14
-Psg (MPa)

4 5 6 7 8 9 10 11 12
-Ps0 (MPa)

- Cephalotaxaceae
Fodocarpaceas

- Cupressaceas
Sciadopityaceaes

13

High variability of P50

from -2.1 (Agathis
australis)

to -16 MPa (Callitris
columellaris )



mmmm Ginkgo hiloba

o Cedrus deodara

m Cadrus atlantica

m Pseudolarix amabilis

mFPseudotsuga menziesii
m | arix occidentalis

mFicea pungens

mPicea engelmannii

m Pices koyamase

mPices abies

m Pinus edulis

m Pinus flexilis

m Pinus albicaulis
mFPinus cembra

- -Plnus weallichiana

m Pinus contorta

m Pinus radiata

mPinus ponderosa

-Plnus artwegii

Pagel's A values
Blomberg's K values
(p-value vs. 0 ; p-value vs. 1)

Overall

Index 0.73 0.93

P 0.001 <0.001 ; 0.041

Evidenced by higher variation in this trait than expected

m Araucaria araucana
mAraucaria hunsteinii
o Phyllocladus trichomanoides
B Halocarpus bidwillii
m Lagarostrobos franklinii
rumnopitys andina
goXiaea conspicua
Dac carpus dacrydioides
s Afrocarpus falcatus
mFPodocarpus lawrencii
mFPodacarpus nival
mPodocarpus acutifolius
= = Podocarpus totara
mFPodocarpus nubigenus
mPodocarpus salignus
Fodocarpus henkelii
mFodocarpus elon_cﬂatus
B Fodocarpus latifolius
m Sciadopitys vegicillata
=] ph¥otaxus fortunei
o Cehhalotaxus harringtonia
o Cefhalotaxus wilsoniana
S
hrotaxis cupressoldes
m Athrotaxis selaginoides
uoia sempervirens
etasequoia glyptostroboides
-Sequoladendron giganteurn
m Taxodium distichurm
-Cr\,r%torr;erlaéapomﬁ?
mAustrocedrus chilensis
P50 (—MPE) m Filgerodendron uviferum

HEEO00OOOREEEOEN N

212 to 2,81
281 to 349
349 to 415
418 to 456
4.286 to 5.54
5.54 to 522
623 to 691
5.91 to 7.59
7.58 te 2828
2.28 to 2.05
2495 to 964

9.69 to
1033 to
11.01 to
11.69 to
12 .38 to
13.06 to
1374 to
14492 to
15,11 to

1033
11.01
11.69
12.38
12 .06
1374
14.43
15.11
1579

o Diselma archeri
-Fnzrova cupressoides
o ACtinostrobus pyramidals
| Callitris preissii

litris columellaris
litris aracilis

== Thujopsis dolabratd
m Thuja plicata
m Chamaecyparis lawsoniana
m Chamaecyparis ohtusa
m Chamaecyparis thvoides
-Chamaecyparls farmosensis
hamaecyparis pisifera
cladus orientalis
alocedrus decurrens
C edrus formosana

pressus sempervirens
nlhuc\éparis nootkatensis

o Hant

ocupressus alabra

=o Cupressus sardentii
LS cOmmunis

perus osteosperma
niperus chinensis
niperus scopulorim

ocyparis wietnamensis

under a Brownian evolution model

Convergent
evolution

The phylogenetic structure of P, values revealed that
high resistance to cavitation appeared several times.



3. Different families, different evolutionary histories

T
s,

e,

iy a&f" S

L

highest
divergences

P H
¢V JIp<l i



(o

Juniperus osteosperma
Platycladus orientalis )
Xanthocyparis vietnamensis
Callitris rhomboidea
Juniperus scopulorum
Cupressus dupreziana
Cupressus sempervirens
Actinostrobus pyramidalis
Juniperus chinensis
Callitris oblonga

Cupressus glabra

Callitris gracilis

Callitris preissii
Callitris columellaris

Convergence?

Pinus wallichiana

Picea wilsonii
Pinus edulis

Abies pinsapo
Pseudolarix amabilis
Pinus uncinata
Picea engelmannii
Larix occidentalis
Tsuga chinensis
Larix decidua
Pinus pinea

Pinus radiata
Pinus halepensis
Cedrus atlantica
Cedrus deodara

i Taxodium distichum H—
H— ,Ié\\ﬂthrotaxis ngiflolia boid H— z[nus c%r)bra/‘
— etasequoia glyptostroboides e Pinus albicaulis
Cupr essaceaqae — Chqmaecypaﬁqs fgrmqsensis Pi I— PinUs Sylvestris
He———— Tgiwana cryptomerioides Iinaceae e Abies kawakamii
Chamaecyparis pisifera i—— Abijes fabri
Chamaecyparis thyoides H— Pinus hartwegii
Cunninghamia lanceolata i— Abies forrestii
Chamqegypar/s obtusa e Pinus nigra
Sequoiadendron giganteum i— Abijes lasiocarpa
Cryptomeria japonica i Abjes grandis
Chamaecyparis lawsoniana i—— Pjceq abies
Thuya plicata H— Pjceq pungens oo
Sequoia sempervirens H—— Pseudotsuga menziesii
Pilgerodendron uviferum H— Pinus flexilis
Austrocedrus chilensis i Pinus pinaster
Calocedrus formosana H— Abijes cilicica
Fitzroya cupressoides i — PiNUS MUGO
Xanthocyparis nootkatensis — Tsuga mertensiana
Calocedrus decurrens | griX decidug
Thujopsis dolobrata I— TsUga canadensis
Juniperus communis I Pjcea koyamae
Diselma archeri i—— Pinus ponderosa
Cupressus sargentii H— Pinus contorta
Cupressus torulosa — Abjes alba
H—
I —
H————
H———
H————
—
H————
| ——
H——
H——
H————
[ ————
[————————

Conservatism?

K=162

A

a]

bl
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J)o 05 10 15 20 25 30 35
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4. Intra-specific (Pinus pinaster)

Lack of genetic variation in cavitation
resistance among populations across a
species distribution range

-4.04
p=0.3

o
> {\’§ S
X Q .
6\&0 @lﬁb L N & 4 \:’0%
a <& & & & & P
-38 T ] ] ) )
A-3.88 | l ! . F (
"
o __
é-d 9 | 1 a a
DL_OO I a a a
a

-4.12

The QST<FST pattern can be interpreted
as a canalization phenomenon or a
consequence of uniform selection

Probalility

Qst and Fst distribution of P50
0.40

Wilcoxon test, p value (bilateral at 0.01)= 0.0001

0.32

0.24 -

o

-

»
|

0.08 —

0.00 11 , ’ : :
0.0 0.2 0.4 0.6 0.8

Population Divergence (Qst and Fst )

1.0

Lamy et al. 2011 PLoS ONE



Previous studies:

* Willson et al. (2008): genus Juniperus (North America):
=> Trait conservatism

KEY
P50 (-MPa)

| ERLE
B 122141
] 9.2-12.4
Bl 8201
| &R
B s>
B s:

¢ californica

13.12x12cd gghei

TA+04abcd flaccida

89+ 05abcd deppeana

138t12d arizonica

Resistant species

141+14d pinchotii

11608 bcd monosperma

118:05bcd psteosperma

\ 9007 sbca OCCidentalis

7.7+08abc scopulorum

117:08tcd barbadensis

B.3:06abcd lucayana

Vulnerable species

sgs05a  Virginiana

66:03a Silicicola



Trait correlations and PICs
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Xylem pressure inducing 50% loss of conductance
r P PIC P

Correlation with P,
Density

550

REGSHRY £0 RS REARYH ARSI WRLANTHAN A HORN UM B RARRI & $BRfR

Wood density is higher for resistant species



Etude de cas: coexistence de trois especes /

Y 4 [

Pin d "Alep :

Pionniére

(propagation par graine)

Futaie, pas de tradition de gestion
Elle est considérée

comme peu exigeante

Chéne vert:

Traité traditionnellement en taillis
(régénération par rejets de souche)
Résistant a la contrainte hydrique

Buis :

Longévive. Croissance lente
(marcottage naturel)

Pas ou peu exploité

Résistant a la contrainte hydrique




2. Le stress hydrique : exemple sous climat méditerranéen

Milieu méditerranéen :
climat a été chaud et sec

sols a fortes contraintes

hydriques

Quelles conséquences sur les
caracteristiques hydrauliques

des especes ?

Quelles répercussions pour le

fonctionnement ?

Plle {mm)

g &8 8 8

=]

i .|L,|. ,L |1

ILI.I __L L ‘l ‘l uL.lL

M ot 1B W 20 MW I A X M
Jour julien {2004)




Fonctionnement hydraulique

I Transpiration
E

surface foliaire

Potentiel feuille
\PL

Au cours d’'une sécheresse :

-->Y¥Y.-¥Y > . valeurs seulil
--> E &, regulée par les stomates

et sous l'effet de baisse du gradient
de potentiel

Conductivité
par surface
foliaire

--> k| a surface foliaire constante est
contrainte par les limites liées a la
vulnérabilité du systeme conducteur



Etude de cas: coexistence de trois especes /

Profils d’ Enracinement

Buis peu profond

0-15

£

N

; 15-30 M Pinus

2 M Quercus

qg 30-45 B Buxus

aQ

45-60 C. vert plus
profond

0] 0.1 0.2 0.3 0.4 0.5
RAI (Im2 m-2)



Etude de cas: coexistence de trois especes /

Transpiration chéne et pin

2 N oo oo &

C X W B0 12 1C B¢ 20 240 2X¢ N0 I MO
Jour julien (200d)

0 30 & 90 0 ¥ @ AC M TP 00 I/ M0
Jour julien {2004

ETF (mmj

Le pin d 'Alep (espéce
isohydrique) régule
fortement sa transpiration
(fermeture stomatique)

Reprise de la
transpiration
en fin de saison séche



Etude de cas: coexistence de trois

egies hydrigues

Tiges Vulnérabilité a la cavitation

e
Vulnérabilité }

racines > tiges

-

Tiges
- 8.0 \pin d’'Alep = Q. ilex > B. sempervirens

(- Racines :
_ pin d’Alep= Q. ilex > buis

Racines

Valeurs de potentiel (en MPa) induisant
50 % de perte de conductivité



Etude de cas: coexistence de trois especes / stratégies

Seuils de fonctionnement

Pin ~ -3.0 MPa

Chéne — -4.8 MPa

Buis — -7.8 MPa

Pin d'alep

- - = .Linéaire (Buis)

Linéaire (Pin d'alep)

Linéaire (Chéne vert)

2
O
B i i y =0.3175x + 1.6204 o)

= 15 pofce.ntlel hydrique SN 9 o
o critique -
~ 1 - i oY= QJ]O1X +1.3553

g ! R =(.8288 .
& \\ \ » i : : //

| 0.5 - O \\\\ D_ . ’\\\ ’

@ ! 0’ /ED’ A

® + RN =0'6§76X+>I\'8\5\43 , o  Chéne vert
B;Q 0 rn-- - ‘,’R2=0'9523 4 O Buis

-10 -8 -6 -4 -2
05 -
potentiel hydrique de base (MPa)




Etude de cas: conclusions
-

Importance de la vulnérabilité et comportement des
especes

-Buis systeme conducteur :
fonctionne sous tres fort stress (tolerance)

- Chéne, , fonctionne sous fort stress mais
possede des capacités d’'extraction en profondeur
(avoidance, Water spender)

- Pin, , arréte de fonctionner sous fort
stress (avoidance, Water saver)



