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Survivorship in potted Populus deltoides x Populus nigra hybrids in response to gradual soil water depletion

Droughted plants (Robusta) Control (Robusta) Droughted plants (Eco 28) Control (Eco 28) Droughted plants (I45-51) Control (I45-51) • Steep drop in volumetric soil moisture content (VSMC): more than 50% loss over 2 weeks • 10% of maximum VSMC threshold appeared to be critical. Variation in predawn leaf water potential of Poplar hybrids versus dry-down span Dry-down span, Week 0 1 2 3 4 5 6 7 Predawn water potential, MPa -2.5 -2.0 -1.5 -1.0 -0.5 0.0 Eco28 y=-0.1957-0.1334*x-0.0293*x 2 ; r 2 =0.9910, P=0.09 I45-51 y=-0.1941-0.1493*x-0.0111*x 2 ; r 2 =0.9672, P=0.18 Robusta y=-0.2371-0.2201*x-0.0008*x 2 ; r 2 =0.9999, P=0.01 Dynamic of volumetric soil moisture content within the pots of the Poplar hybrids versus dry-down span Dry-down span, Week 0 2 4 6 8 Volumetric soil moisture content, % 0 10 20 30 40 Eco 28 I45-51 Robusta • Fast drop in Ψp for Eco28 in comparison with the other 2 hybrids. Percent loss conductivity (PLC) increased sigmoid-like along with decreasing in volumetric soil moisture content for all three hybrids Relationships between percent loss conductivity and volumetric soil moisture content versus dry-down span 0 20 40 60 80 100 120 0 10 20 30 40 PLC VSMC Percent loss conductivity, % 0 20 40 60 80 100 Volumetric soil moisture content (VSMC), % 0 10 20 30 PLC VSMC Dry-down span, Week 0 2

Introduction

Conclusion

Sprouts of Eco28 were the most sensitive to the gradual soil moisture depletion whatever the morphological or the physiological parameter we considered. Therefore, we concluded that using Ψ 50 as a gauge to stand for drought resistance in Poplar hybrids does not hold. However, we still believe that Ψ 50 is relevant enough to sort out samples of different species … regarding the displayed picture.

Xylem pressure inducing 50% cavitation, MPa 

δρ/δt

In a growing organ, it is necessary to take into account cells movement and their expansion. 

( ) ( ) ( ) ( ) x x x x x v ρ x ρ v t ρ D ∂ ∂ + ∂ ∂ + ∂ ∂ =
The continuity equation (issued from a fluid mechanics formalism) gives access to the material derivative of transcript density, i.e., the regulation of gene expression 

( ) ( ) ( ) ( ) x x x x x v ρ x ρ v t ρ D ∂ ∂ + ∂ ∂ + ∂ ∂ =

Acoustic

While acoustic emission measurement were made, branches were slowly dehydrating (bench dehydration) and water potentials were measured every 6 to 12 hours (Scholander apparatus).

Needles used for UAE measurements stems used for UAE measurements

Needles used for water potential measurements

Material and method

Rehydration kinetics measurements

Material and method 6 well hydrated branches were slowly dehydrated (bench dehydration) from -0,3 to -3 MPa 

Rehydration kinetics measurements

Results

Cavitron measurements

Vulnerability curves of Pinus pinaster needles and twigs Hypotheses for a "novel" refilling mechanism

The "pit valve" hypothesis 1.24 (± 0.12) 1.29 (± 0.055) 1.25 (± 0.13) Conductivity, (± S.D.)

1.96 (± 0.47) 2.08 (± 0.32) 2.34 (± 0.33) Embolism rate, % (± S.D.)

34.3 (± 15.3) 28.1 (± 22.5) 24.0 (± 13.3)

Conclusions :

Xylem Calcium is responsible for a major part of the between species variability for VC.

It would not be involved in the phenotypic plasticity within species PME over-and under-expression increases the VC Perspectives :

-Investigate the xylem structure and pit membrane structure and composition in poplars over-or under-expressing PME.

?

Thanks for your attention

The contribution of gene expression studies on searching the genetic control of VC ?

Well-watered

Mild Water Stress

Severe Water Stress The Classical investigations of gene expression are not suitable to identify gene of the VC.

Mild WS / WW Severe WS / WW • It is thought that when cavitation happens in conduits, a rapid relaxation of a liquid tension occurs and produces an ultrasonic acoustic emission (UAE) signal. In the case of conifers, UAE were registered only in freezing process during freeze-thaw cycles.

• According to classical theory, wider tracheids in early wood are considered to be more vulnerable. However, in Picea abies, clustered areas of tracheids including early wood and late wood were embolized by repeated freeze-thaw cycles. 

Ultrasonic acoustic emission

One FT cycle to different temperatures

• UAE were registered only in the freezing process 

Cryo-scanning electron microscopy

Results and Discussion

Phenotypic variance between population

Lamy & al 2010 submitted 

  rate <=> long growth zone • low growth rate <=> short growth zone expression in the root apex -Xylème 2011 -Avril 2011 -12 Effect of high osmotic stress Mean ± s.e.m. (n=3) of REGR profile are accompanied by similar changes in TIP1;4 accumulation patterns expression in the root apex -Xylème 2011 -Avril 2011 -14 Transcript is not a proxy of functional protein … but a change of expression is costly : -> change of transcript density has a sense in terms of maintenance/increase in protein level for the 3 growth states, REGR and TIP1;4 patterns overlap -> clue for implication of TIP1;4 in cell expansion What about regulation of its expression? Regulation of aquaporins expression in the root apex -Xylème 2011 -Avril 2011

  vulnerability to drought-induced loss of conductivity in needles of Pinus pinaster 20 needles inserted in water reservoir Problem: Measurements take long time (3 to 4h cavitron measurement per sample) Preparation for cavitron measurements: Cooled centrifuge and rotor (5 to 7°C) Cavitron measurements: Needle length (after cutting) : 14,5 cm Cavitron Temperature cavitron at 5 to 7°C during the measurement Use of software "Cavisoft" (Regis Burlett, Biogeco) Procedure according to Cochard et al., 2005

  measurements, branches were bagged and put in the refrigerator to ensure homogeneous Ψ among needles ΔRWC/ΔΨ * (DW/LA)*(WW/DW)/M Needle capacitance C N : DW: leaf dry weight (g); LA: leaf area (m 2 ); WW: mass of leaf water at 100% RWC (g); M: molar mass of water (g.mol -1 ) Two-phase function fitted to pressure volume data for Pinus pinaster needles. (RWC threshold: 0

  Quite similar results between cavitron and acoustic High Ψ50 with rehydration method Loss of conductivity in needles occurs before cavitation in branches -If r = 30 µm Pxyl > -5kPa No transpiration + root pressure to compensate gravitational forces Can xylem vessels refill if Pxyl < -2τ/r ? Many reports in the literature of refilling when Pwater < -2τ/r and transpiration is high Cryo-SEM : virtually all the studies Acoustic technique : many reports Hydraulic technique : more and more reports from the Cryo-SEM technique Refilling while Pxyl < 2τ/r ? artifact when Pxyl < 0 Vitis (Salleo et al 1989, Brodersen et al 2010, Zufferey et al 2011) Laurus (Salleo et al 1996, Tyree et al 1999, etc…) Pinus (Edwards et al 1994 Zea (McCully et al 1998) Fraxinus (Zwieniecki et al 1998) Acer (Zwieniecki et al 1998) Picea (Zwieniecki et al 1998) Helianthus (Nardini et al 2008) Orysa (Stillet et al 2005) Populus (Secchi et al 2010) … Evidence for xylem refilling while Pxyl < -2τ/r ? What is this novel mechanism? "Do we need a new paradigm?" (Tyree et al 1999) "Do we need a miracle?" (Holbrook and Zwieniecki 1999) Hypotheses for a "novel" refilling mechanism The "large organic solute" hypothesis (Hacke & Sperry 2003) Large organic solute flow into the vessel causing a water flow and the refilling Pit membrane acts as an osmotic membrane

  Lamy et al., submitted, PLoS ONE Delzon et al., PCE, 2010 P 50 (MPa) has long been believed that senescence is an inevitable consequence of ageing in all plants and animals.

•

  hydraulic conductance (K L ) versus tree height Substantial decrease in hydraulic conductance with y increasing tree height Delzon et al. 2004 PCE Which hydraulic compensation mechanisms occur? Which hydraulic compensation mechanisms occur? Which hydraulic compensation mechanisms occur? Which hydraulic compensation mechanisms occur?  hydraulic adjustment: decrease in leaf to sapwood ratio (A L :A S ) increase in soil to leaf water potential gradient (decrease in minimum leaf water potential ( m ))  production of xylem tracheids with increased permeability (higher d ifi h d li d ti it (k )) sapwood-specific hydraulic conductivity (k S ))  increased water storage in the stem g water potential resistance and minimum water potential Do cavitation resistance (safety) and specific Do cavitation resistance (safety) and specific hydraulic conductivity (efficiency) remain constant with increasing tree height? constant with increasing tree height? optimum at 15 m height and then k s reaches an optimum at 15 m height and then decreases as trees grow taller Hydraulic compensation mechanisms Hydraulic compensation mechanisms  SAFETY: YESAs cavitation resistance increased with increasing tree height, tall trees could reach lower minimum water potential, thus increasing soil to leaf t not produce more efficient xylem and had even lower xylem specific hydraulic conductivity. specific hydraulic conductivity. Hydraulic adjustments that enhanced the ability to cope with vertical Hydraulic adjustments that enhanced the ability to cope with vertical gradients of increasing xylem tension were attained at the expense of reduced water transport capacity and efficiency Height Height--related effect within tree crown related effect within tree crown Height Height related effect within tree crown related effect within tree crown Safety Efficiency Safety Burgess et al. 2006 PCE No trade-off in Sequoia sempervirens Perspectives: xylem anatomy Perspectives: xylem anatomy Pit membrane properties (margo Pit membrane properties (margo flexibility, torus overlap and valve effect) highly correlated with P50 Delzon et al. 2010 PCE Domec et al. 2008 PNAS Domec et al. 2008 PNAS Torus overlap increased in Douglas-fir trees along a height di t f 85 gradient of 85 m Determine the minimum water potential of three species of cloud forest-páramo ecotone in adult individuals in the field. • Identify their various components of water potential. • Characterize the behavior of the response of stomata to leaf water potential in these species, adult leaves.

• 2 )

 2 effect) a. Umbellularia californica (24.2%); b. Laurus nobilis (21.5%); c. Litsea serica (6.7%); d. Lindera megaphylla (9.7%) TEM-staining with ruthenium red for acidic pectins Gortan et al. In winter, succession freeze-thaw events induce embolism formation in water conduits in xylem of plants Betula platyphylla var. During freezing, air bubbles are created in sap (3)-(4) During thawing, there are two possibilities (depend on bubble size and water potential of sap): -air bubbles dissolve in sap => no embolism -air bubbles expand => embolism Results contradicting the previous theory Mayr et al. 2007

Methods•

  Freeze-thaw (FT) experiment -One freeze-thaw cycle to different minimum temperatures (-10, -25, -40°C) -Repeated freeze-thaw cycles from 5 to -10°C • Ultrasonic acoustic emission (UAE) -Peak detection parameters • Preamplification gain: 40 dB • Acquistition treshold: 45 dB • Time treshold: 400 µs • Loss of water conductivity

•••

  After freezing of xylem parenchyma cells, acceleration of generation of UAE was observed Although there seemed to be a threshold, cumulative number of UAE kept increasing even after 15 times of FT cycles Almost all vessels were embolized only by freezing to -10°C although a lot of UAE signals were registered between

  point of view, cavitation resistance is a key drought tolerance density infered by X-ray No phenotypic difference between population for wood-related traits Phenotypic difference between population for the other traits.

-

  Widespread Mediterraean species : Quercus ilex McDowell, Pockman et al, 2008 Traits related to vulnerability to cavitation are of growing interests How reliable are their measures ? on Quercus ilex… Vulnerability to drought and pertinent traitsA brief littérature survey and some basics rules 1996 : […]a correlation between vulnerability to cavitation and other traits of drought resistance holds except for where Q.ilex[…] Discrepancies between between field measurement and laboratory analysis

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

• Bud respiration rate for Eco28 control sprouts was the highest in comparison with others • The respiration rate dropped to nil only in Eco28 hybrids by week 8. Bud respiration rate in 3 Poplar hybrids versus dry-down span Dry-down span, weeks

  

	-1 s -1	30						
	Bud respiration rate, nmol g MS	0 5 10 15 20 25	0	2	4	6	8	10
			Eco28					
			y=26.5431-2.1145*x-0.1462*x 2 ; r 2 =0.9864, P=0.002	
			I45-51					
			y=21.8843-2				

.0644*x+0.0001*x 2 ; r 2 =0.8495, P=0.06 Robusta y=17.1751-1.7685*x+0.0186*x 2 ; r 2 =0.8277, P=0.07

  

Spatial pattern of local transcript accumulation rate at a given time point spline Continuity equation

  

	Transcript accumulation rate
	Distance from root tip (mm)

Taxonomic diversity of conifers and species measured for cavitation resistance resistance

  

	(Holbrook & Zwieniecki 1999) Embolised vessels have to be hydraulically isolated Solute flow into the vessel causing a water flow and the refilling More insights into this "novel" refilling mechanism 13 Phloeme is important (girdling exp) Salleo et al 2003, Bucchi et al 2003 Starch and sucrose is implicated in the mechanism : Salleo et al 2006 Requires energy (Proton pump) Salleo et al 2004 Aquaporins are implicated Sakr et al 2003, Secchi & Zwieniecki 2010 Sensing and triggering the refilling -Wall vibration Salleo et al 2008 -Chemical sensing (Zwieniecki and Holbrook 2009) -Simulations Vesela et al 2003 Gas convection not diffusion -Water condensation instead of liquid water flow (Zwieniecki and Holbrook 2009) -New technologies (RMN, Tomograpy) a b c d Hydrophobic layer (lignin?) 16 Xylem pressure, MPa -5 -4 -3 -2 -1 0 PLC 0 100 Exponential Sigmoidal Conclusions 'Miraculous' refilling seems to exist Less and less miraculous More explicitely included in our experiments New paradigms Stomatal conductance How generic? Mechanisms ? Functional benefit ? Genera species Sampled species Remaining sp. sampled genera Araucariaceae 3 41 3 38 Cephalotaxaceae 1 11 3 8 Cupressaceae 30 133 32 101 13 Ph ll l d 1 4 1 3 Phyllocladaceae 1 4 1 3 Pinaceae 11 228 34 194 Podocarpaceae 18 186 10 176 S i d it 1 1 1 0 Sciadopityaceae 1 1 1 0 Taxaceae 5 23 6 -16 -14 -12 -10 -8 -6 -4 -2 0 17 Abies kawakamii Athrotaxis selaginoides Athrotaxis cupressoides Araucaria araucana Pinus cembra Metasequoia glyptostroboides Agathis australis Taxodium distichum Pinus wallichiana Dacrycarpus dacrydioides Cavitation resistance of 100 Pinus albicaulis Pinus sylvestris conifer species Chamaecyparis obtusa Pseudotsuga menziesii Picea abies Abies grandis Abies lasiocarpa Chamaecyparis pisifera Abies f abri Saxegothaea conspicua Taiwania cryptomerioides Abies kawakamii conifer species Conifers Pinus Pinus pinaster Pinus hartwegii Pinus cembra Abies f orrestii Cunninghamia lanceolata Pinus nigra Cryptomeria japonica Seq oia semper irens Chamaecyparis nootkatensis High variability of P50 Cephalotaxus harringtonia Phyllocladus trichomanoides alpinus Taxus baccata g from 2.1 (Agathis) to 16 MPa (Callitris collu) C lb Callitris oblonga Callitris columellaris Callitris preissii Callitris gracilis Cupressus glabra g Actinostrobus pyramidalis Cupressus sempervirens Cupressus dupreziana Juniperus scopulorum Callitris rhomboidea Platycladus orientalis Juniperus osteosperma Cupressus torulosa Cephalotaxus wilsoniana Af rocarpus falcatus Cephalotaxus f ortunei Cedrus deodara Cephalotaxus harringtonia y Podocarpus henkelii Podocarpus latifolius Taxus brevif olia Torreya calif ornica Juniperus communis Podocarpus elongatus Torreya nucif era Thujopsis dolabrata Halocarpus bidwillii Prumnopitys andina Chamaecyparis nootkatensis Cedrus atlantica Fitzroya cupressoides Podocarpus totara Taxus cuspidata Lagarostrobos franklinii Torreya grandis Pinus halepensis Austrocedrus chilensis Ginkgo biloba Podocarpus acutifolius Pilgerodendron uviferum Podocarpus nivalis Sequoia sempervirens Pinus radiata Pinus pinea Larix decidua Tsuga chinensis Podocarpus salignus Larix occidentalis Thuja plicata Picea engelmannii Pinus uncinata Pseudolarix amabilis Abies pinsapo Araucaria hunsteinii Chamaecyparis lawsoniana yp Pinus flexilis j p Pinus edulis Abies alba Coca a Sciadopitys verticillata Pinus contorta Pinus ponderosa Pinus hartwegii Podocarpus nubigenus Abies cilicica Tsuga canadensis Sequoiadendron giganteum Pinus mugo p=0.3 Pinus albicaulis Bayubas a Chamaecyparis obtusa Pinus f lexilis Pinus pinaster Pinus sylvestris
	Total	70	627	90	537	26

(cost vs gain)

What's new at Bordeaux?

Xylem pressure inducing 50% loss of conductance

Different levels of variation in cavitation resistance

reliable is vulnerability to cavitation measurement on Quercus ilex Nicolas Martin, Damien Longepierre, Roland Huc, Hervé Cochard, Serge Rambal

  It is possible to select more cavitation resistance genotype, but the gain could limited by the amount of additive variance

	Results and Discussion		Correlation		
			SE				
	Characters	h² ns	h² ns	CV A	CV BP	CV R	CV P
	P50	0.438	0.117	4.4	1	6.7	6.6
	δ 13 C	0.21	0.067	1.3*	0.6*	3.4*	2.2*
	Δh	0.363	0.080	16.2	18.8	2	26.9
	Lamy & al 2010 in prep					

V G = Genetic variance INRA NANCY CAMPUS CHAMPENOUX 07 Avril 2011 Réunion du Groupe Xylème 2011 How

• Species adapted to higher altitude in the ecotone present mechanisms to improve their water status under conditions of greater deficit.

• Libanothamnus neriifolius(3150, 3000, 2800) 

Micro-evolutionary point of view of drought tolerance traits in Pinus pinaster

Cochard & al 2009, Delzon et al 2010Physiological process of cavitation
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Context and aims

Lp tonoplast >> Lp plasma membrane but Lp tonoplast also important for rapid water balance between cytoplasm and vacuole Aims of the study : Which TIP1s are expressed in the Poplar root growth zone?

How are the expression affected by osmotic stress?

On the basis of transcript accumulation and their changes, can we detect a link between cell expansion and the expression of some TIPs?

What can we learn from the regulation of TIPs expression? 

Florent PANTIN 1

François BARBIER 1 André LACOINTE 3 Geneviève CONÉJÉRO 2,4 Colette TOURNAIRE-ROUX 2 Christophe MAUREL 2

Changes in day/night difference of transpiration

In the early stages, why is transpiration higher than in later stages and not lower at night?

-Young stomata are insensitive?

-Young stomata are functional AND subjected to an endogenous stimulus?

To be performed (Jeanne Renaud, M2):

• Young leaves display higher RER despite lower turgor and higher transpiration

• High wall extensibility allows expansion at lower water potentials?

• Transpiration is balanced by a high supply capacity? 

Xylem network

• Developed in C++ by A. Lacointe to model sieve fluxes within complex architectures (including loops)

• Computes the exact solution of a system of equations following Ohm's law and Kirchoff's node law given a potential difference or a flux

Xylem network

• Developed in C++ by A. Lacointe to model sieve fluxes within complex architectures (including loops)

• Computes the exact solution of a system of equations following Ohm's law and Kirchoff's node law given a potential difference or a flux

• Each xylem node is branched in series with a mesophyllic resistance followed by a stoma

• Stomatal and mesophyllic resistances are set very high

• Anatomy: each individual vessel has the same lumen diameter (to be checked in PHIV)

Model hypotheses

Xylem network

• Developed in C++ by A. Lacointe to model sieve fluxes within complex architectures (including loops)

• Computes the exact solution of a system of equations following Ohm's law and Kirchoff's node law given a potential difference or a flux

• Each xylem node is branched in series with a mesophyllic resistance followed by a stoma