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2012 Temperature anomaly: +2.32 °C 
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2012 Precipitation anomaly: -48% 
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August 2012 
Mixed oak, ash and pine 
forests nearby Trieste 
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Cedrus atlantica 
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Abies koreana 
South Korea 

Pinus tabulaeformis 
China 
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China 
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Acacia aneura 
Australia 

Eucalyptus xanthoclada 
Australia 
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Pinus ponderosa 
New Mexico, USA 

Populus tremuloides 
Alberta, Canada 
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Pinus sylvestris 
Spain 

Pinus sylvestris 
Switzerland 
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Which physiological mechanisms drive plant mortality under drought? 
 
Can we predict the impact of extreme drought on different species/growth conditions? 
 
Can we predict the impact on urban trees? 
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Three possible, not mutually exclusive, mechanisms: 
 

Hydraulic failure 
 

Carbon starvation 
 

Biotic attacks 
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Some daily totals of water transpired…  

Picea abies: 175 liters 

Quercus robur: 400 liters 

Eperua purpurea: 1200 liters 

International Workshop on  

Plant Physiology in the Urban Environment 

Pisa, Italy, 23.06.2014 



18 

(78 %) 

(21 %) 

(0.039 %) 

Atmosphere 
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192 1.3 

CO2, Mw = 44 
O2, Mw = 32 

H2O, Mw = 18 
 

CO2 diffusion in air is slower than H2O diffusion: √(44/18) = 1.6 
  

Hence, H2O/CO2 = (12000/100) x 1.6 = 192 
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The physics of gas diffusion and the relative 
concentration of CO2 and H2O in the atmosphere are 
at the basis of the functional dilemma of plants… 
 
Die of thirst or die of famine? 
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Sequoia sempervirens, 112 m 

Eucalyptus regnans, 150 m ? 

A vacuum pump would not be enough to transport water to the top of trees… 

P = -0.1 MPa 
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The cohesion-tension theory 
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E 

F 

Under steady-state flows: E = F 

E = (soil - leaf) x Kplant 

Plant hydraulic conductance place constraints 
over gas exchange, photosynthesis and plant 
productivity 

Plants want leaf > critical (turgor loss and/or 
xylem cavitation) 
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Xylem water is liquid while at P below its vapour pressure.  
This is a metastable state! 

Living at the edge… 
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Cavitation-induced embolism put at risk the water transport system of plants 
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Quantifying plant’s vulnerability to cavitation: vulnerability curves and P50 
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480 woody species from 172 sites around the globe 
 
50 and min values 
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Increased resistance to cavitation as a key functional trait  
in adaptation to dry habitats! 

Choat et al. 2012, Nature 
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In all biomes plants operate with narrow safety margin.  
Risk of extensive dieback during anomalous drought events! 

Choat et al. 2012, Nature 
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Do woody plants show significant genotypic/phenotypic  
variability in their vulnerability to cavitation? 
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Wortemann et al. 2011, Tree Physiology 

Fagus sylvatica L. 
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Wortemann et al. 2011, Tree Physiology 
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Extreme drought stress events induce increased  
xylem vulnerability in Aspen: hydraulic deterioration! 

International Workshop on  

Plant Physiology in the Urban Environment 

Pisa, Italy, 23.06.2014 



37 

International Workshop on  

Plant Physiology in the Urban Environment 

Pisa, Italy, 23.06.2014 



38 

International Workshop on  

Plant Physiology in the Urban Environment 

Pisa, Italy, 23.06.2014 



39 

International Workshop on  

Plant Physiology in the Urban Environment 

Pisa, Italy, 23.06.2014 



40 

International Workshop on  

Plant Physiology in the Urban Environment 

Pisa, Italy, 23.06.2014 



41 

Quercus ilex L. 
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Savi et al. 2014, submitted 
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An unexpected trend... 
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Miramare Scala Roiano Barcola
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Take home message... 
 
- Street trees can be subjected to considerable water stress, depending  
on site characteristics (pavement) 
 
- Water-stressed street trees are exposed to the risk of embolism,  
which reduces stomatal aperture (and transpirational cooling) 
 
- Chronic water stress causes hydraulic deterioration and increased  
Vulnerability to cavitation, portending increasing risks of canopy die-back 
under global change-type drought and heat waves 
 
- Selection of street trees for climate change mitigation strategies should 
take into account plant hydraulics, with special reference to cavitation 
resistance 
 
- Carbon isotopic composition of street trees as a possible bio-indicator of 
fossil fuel pollution  
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Thank you for your attention! 
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