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•  Why  studying vegetation cover and its 
relationships with climate and soil? 

•  Most of water within the hydrological cycle is 
used by vegetation cover. 

•  For MT climate areas with a rain amount of 800 
mm yr-1 600 mm were evapotranspirated. 

•  The vegetation compartment is the only 
compartment that may be modified to change 
your water ressources.  





"It is the control of leaf area index and morphology which 
is often the most powerful means a mesophytic plant has 
for influencing its fate when subject to long term water 
stress in the field.” 
Passioura 1976 

“Where water may be limiting, trees appear to adjust to 
potential water stress through leaf morphology 
adaptations and minimum canopy development". 
Brown 1981  

"The main response of the shrubs to different precipitation 
regimes in the chaparral range is to change leaf-area 
index, not physiological parameters". 
Poole & Miller 1979 





Specht & Specht 1989. Canopy structure 
in Eucalyptus-dominated communities 
in Australia along climatic gradients. 
Acta Oecologica, Oecologia Plantarum 10 
191-213.  













•  Quercus	
  ilex	
  is	
  a	
  good	
  plant	
  model	
  because	
  it	
  spreads	
  across	
  
the	
  Mediterranean	
  Sea	
  under	
  climate	
  condi5ons	
  ranging	
  from	
  
semi-­‐arid	
  to	
  humid.	
  

•  It	
  may	
  be	
  observed	
  growing	
  in	
  dense	
  forests	
  or	
  in	
  open	
  
woodlands	
  or	
  even	
  in	
  savanna-­‐type	
  ecosystems.	
  







See Hoff C & Rambal S 2003. An examination of the 
interaction between climate, soil and leaf area index in 
a Quercus ilex ecosystem. Ann. For. Sci. 60 : 153–161. 



Close	
  assump5ons	
  in	
  Rambal	
  1993	
  PCE	
  	
  





Rainfall 
gradient 

Wet	
  

Dry	
  











Control Dry 
Edry/Econtrol 

Year Pg Pn E E/Pn Pn E E/Pn 

2004 989 781 430 0.55 553 322 0.58 0.75 

2005 835 671 364 0.54 475 270 0.57 0.74 

2006 940 774 308 0.40 550 243 0.44 0.79 

2007 681 509 417 0.82 360 330 0.92 0.79 

Mean 861 684 380 0.58 485 291 0.63 0.77 

Pnet ↓ Transpiration ↓ 

















Soil water ressources and 
air evaporativity partitions 
in Eagleson & Segarra 1985. 
Water Res. Res. 21: 1483-1493.  
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Tree density increased with annual rain amounts across 
southern Spain Dehesas (after Joffre R, Rambal S, Ratte JP. 
1999. The dehesa system of southern Spain and Portugal 
as a natural ecosystem mimic. Agrofor Sys 45: 57-79) 



Location Ecosystem	
  type	
   Mean rainfall 

1 Central-W Spain Oak savanna or Dehesas 480 

2 Central-W Spain Oak savanna or Dehesas 506 

3 Central Italy Mixed forest with deciduous trees 637 

4 NE Spain Dense forest 658 

5 S France Mixed forest with Pinus halepensis 663 

6 SE Portugal Oak savanna or Dehesas 665 

7 NE Spain Mixed forest with Pinus halepensis 714 

8 S Spain Oak savanna or Dehesas 720 

9 Central Italy Mixed forest with deciduous trees 750 

10 S France Open forest 763 

11 S France Plantation 770 

12 Central Italy Woodland – shrubland mosaic 803 

13 S France Dense forest 883 



age height LAI DBH 

1 100 50 8.4 0.74 46 

2 60-150 200 5.9-10.5 46 

3 40-60 1435 15-18(?) 3.96 14.9 

4 30 3491 10 5.3 

5 50 2150 5.4 2.7 6.9 

6 35-45 6.8 48 

7 18 660 3-4 3-3.5 

8 80-100 50 7.7 0.7 33 

9 15-25 6 11 

10 4.4 16 

11 24 2200 5.4 4 17.5 

12 7 

13 42 9550 4.0 2.9 4.8 



We need to understand the hydraulic 
stategy displayed by trees. 



High soil water availability  Low soil water availability  

Δψ =  α ψpd + Δψmax sap	
  flow	
  driving	
  force	
  	
  	
  	
  	
  

As	
  proposed	
  by	
  Ritchie	
  &	
  Hinckley	
  (1976)	
  "It	
  is	
  temp5ng	
  
to	
  compare	
  species	
  based	
  upon	
  these	
  curves	
  using	
  both	
  
the	
  slope	
  α	
  and	
  intercept	
  Δψmax	
  	
  as	
  indicators	
  of	
  species	
  
differences".	
  	
  

α = 1 isohydric 	
  



WBE fractal model 

Dehesas	
  –	
  open	
  woodland	
  

Δψmax / h = 1.18 DBH-0.32 with r2 = 0.68 and sy.x = 0.11 

Δψmax / h = 2.37 DBH-0.67 sy.x = 0.18 

West et al. (1999 



Δψ ∝ A L D gs l / A S ks  

AL/AS leaf area to sapwood area ratio 
ks is the specific conductivity, 
l the hydraulic path length, 
gs is the stomatal conductance and 
D is the air saturation deficit.  



The hydraulic limitation hypothesis predicts that the cost of pulling 
water from soil to leaves through larger stems eventually disadvantages 
the trees and may lead to their decline 

So, taller trees must have relatively smaller leaf area/sapwood area ratio 

At Puechabon, for a median DBH of 8 cm an A L / A S  of c.a. 1400 
(unitless) 

However, values of A L / A S  of c.a. 5300-4700 (unitless) for DBH 
ranging from 35 to 50 cm, largely greater than the one we observed for 
dense woodlands 



Homeostasis 



We ask new questions among others: 

Coordination mechanisms 

Coupling hydraulic stategy with the one used 
 for carbon and nutriment ressources 

Understand tree vulnerability to drought 


