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Wide	
  varia7on	
  in	
  growth	
  environments	
  
within	
  urban	
  areas.	
  	
  



What are the major limitations to 
tree establishment in challenging 

urban environments?




Tree spades may 
remove 98% of 

the root system


Watson	
  and	
  Himelick	
  (1982)	
  



Root-Soil Coupling




Restricted soil volume




Impermeable surfaces




Few roots + small soil volumes + poor 
surface permeability = water deficits!




Savi	
  et	
  al.,	
  (2014)	
  



Impact of impervious surface


Correlations between percentages of soil surface covered by impervious pavement and (a) predawn leaf 
water potential (Ψpd), (b) percentage loss of hydraulic conductivity (PLC), (c) xylem water potential 
inducing 50% PLC (Ψ50) and (d) safety margin calculated as the difference between Ψ50 and minimum 
seasonal xylem water potential (Ψxyl), as measured in Quercus ilex trees growing at four experimental 
sites. Mean values are reported (' SD). The regression lines together with r2 and P values are also 
reported.	
  

Savi	
  et	
  al.,	
  (2014)	
  

Trees	
  
became	
  
more	
  

vulnerable	
  
to	
  water	
  
stress	
  

Water	
  stress	
  
increases	
  

Percentage	
  
loss	
  of	
  

conduc7vity	
  
increases	
  

Safety	
  margin	
  
is	
  eroded	
  to	
  
nega7ve	
  
values	
  	
  



Why should we care?


Trees	
  need	
  hydraulic	
  integrity	
  if	
  they	
  are	
  to	
  provide	
  
ecosystem	
  services.	
  
•  Transpira7on	
  è	
  Evapora7ve	
  cooling	
  
•  Growth	
  è	
  Carbon	
  sequestra7on,	
  Shading,	
  
Amenity	
  	
  

	
  



Overall survivorship for all planted shade trees (n = 370). 	
  

“Sacramento	
  Tree	
  Founda7on	
  may	
  
implement	
  further	
  changes	
  including	
  
plan7ng	
  a	
  higher	
  propor7on	
  of	
  
drought	
  tolerant	
  trees.”	
  	
  
“We	
  observed	
  higher	
  survival	
  for	
  
species	
  with	
  low	
  water	
  use	
  demand…”	
  
“…	
  drought	
  tolerant	
  trees	
  may	
  be	
  more	
  
able	
  to	
  withstand	
  irriga7on	
  neglect.”	
  
“…	
  it	
  may	
  be	
  prudent	
  for	
  this	
  program	
  
to	
  plant	
  more	
  drought	
  tolerant	
  trees.”	
  
“…	
  climate	
  appropriate	
  species	
  
selec7on	
  influenced	
  urban	
  tree	
  survival	
  
during	
  the	
  establishment	
  phase.”	
  



Can we select for drought 
tolerance?




Morphological	
  

Life	
  cycle	
  

Physiological	
  

Adapta7ons	
  to	
  limited	
  water	
  availability	
  

Avoidance	
  of	
  tree	
  water	
  deficit	
   Tolerance	
  of	
  water	
  deficit	
  

Osmo7c	
  adjustment	
  
Elas7c	
  adjustment	
  

Low	
  turgor	
  loss	
  point	
  

Deep	
  roo7ng	
  	
  
Root	
  prolifera7on	
  

Increased	
  hydraulic	
  conduc7vity	
  

Maximizing	
  water	
  acquisi7on	
  	
   Reduce	
  water	
  use	
  

Leaf	
  phenology	
  
Leaf	
  abscission	
  

Stomatal	
  closure	
  

Reduced	
  leaf	
  and	
  stem	
  growth	
  
Increased	
  resistance	
  to	
  leaf	
  water	
  loss	
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Advice from 
literature?


Acer	
  nigrum	
  
•  Heat	
  and	
  drought	
  tolerant	
  (Dirr	
  (2009)	
  
•  Sensi7ve	
  for	
  heat	
  and	
  drought	
  (Hightshoe	
  1988)	
  
•  Prefers	
  sites	
  that	
  are	
  more	
  humid	
  (Beaulieu	
  2003)	
  
•  Has	
  a	
  higher	
  drought	
  tolerance	
  than	
  sugar	
  maple	
  (Bassuk	
  et	
  al.	
  2009)	
  
Acer	
  negundo	
  
•  Useful	
  for	
  sandy,	
  dry	
  to	
  sterile	
  soil	
  (Krüssmann	
  1982)	
  
•  Drought	
  tolerant	
  (Stoecklein	
  2001)	
  
•  Its	
  na7ve	
  habitat	
  is	
  along	
  streams	
  and	
  ponds	
  (Grimm	
  2002)	
  
•  Na7ve	
   in	
   moist	
   habitats	
   but	
   perform	
   well	
   also	
   in	
   poor,	
   wet,	
   or	
   dry	
  

habitats	
  (Dirr	
  2009)	
  
•  Very	
  heat	
  and	
  drought	
  tolerant	
  (Hightshoe	
  1988)	
  
•  Grows	
  along	
  shores	
  of	
  permanent	
  bodies	
  of	
  water	
  (Krüssmann,	
  1986)	
  
•  Like	
  humid	
  areas	
  (Beaulieu	
  2003)	
  
•  Grows	
   along	
   stream	
   banks,	
   flood	
   plains,	
   swamps	
   (Spellenberg	
   et	
   al.	
  

2014)	
  





Drought Tolerance Index


Scale	
  
ranking	
  

Annual	
  
precipita0on	
  

(mm)	
  

Distribu0on	
  
of	
  

precipita0on	
  
(coefficient	
  
of	
  varia0on)	
  

P:PET	
  ra0o	
   Soil	
  water	
  
poten0al	
  
(MPa)	
  

Dura0on	
  of	
  
dry	
  period	
  

1	
   >600	
   Minimal	
   >3.0	
   >	
  -­‐0.3	
   A	
  few	
  days	
  
2	
   500-­‐600	
   <10%	
   1.5:3	
   -­‐0.3	
  to	
  -­‐0.8	
   A	
  few	
  weeks	
  
3	
   400-­‐500	
   10-­‐15%	
   0.8-­‐1.5	
   -­‐0.8	
  to	
  -­‐1.5	
   Up	
  to	
  a	
  

month	
  
4	
   300-­‐400	
   20-­‐25%	
   0.5:0.8	
   -­‐1.5	
  to	
  -­‐3	
   Two	
  to	
  three	
  

months	
  	
  
5	
   <300	
   >25%	
   <0.5	
   <	
  -­‐3	
   More	
  than	
  

three	
  
months	
  

Niinemets	
  and	
  Valladares	
  2006	
  



Comparing different ‘drought’ traits with 
drought tolerance ranking


•  Meta-­‐analysis	
  using	
  data	
  from:	
  
–  Niinemets	
  and	
  Valladares,	
  (2006);	
  	
  
–  Bartlel	
  et	
  al.,	
  (2012)	
  	
  
–  Choat	
  et	
  al.,	
  (2012)	
  

•  Key	
  drought	
  tolerance	
  traits	
  omen	
  
become	
  more	
  variable	
  rather	
  than	
  
scale	
  linearly	
  with	
  drought	
  
tolerance	
  ranking.	
  

Good candidates for 
urban trees? 



Why turgor loss?


•  Leaf	
  turgor	
  loss	
  point	
  can	
  be	
  used	
  
as	
  a	
  universal	
  measure	
  of	
  
physiological	
  drought	
  tolerance	
  
that	
  is	
  quan7fiable	
  and	
  measurable	
  





Method

•  Assess	
  osmo7c	
  poten7al	
  at	
  full	
  turgor	
  in	
  

leaf	
  discs	
  based	
  on	
  Bartlel	
  et	
  al.	
  (2012)	
  
and	
  subsequent	
  meta-­‐analysis	
  	
  

•  Apply	
  regression	
  equa7on	
  to	
  determine	
  
leaf	
  water	
  poten7al	
  at	
  turgor	
  loss	
  

•  Rank	
  species	
  in	
  terms	
  of	
  their	
  
physiological	
  drought	
  tolerance	
  

	
  



Acer genotypes


Acer	
  carpinifolium	
  (H	
  Sjöman)	
  

Sjöman,	
  H.,	
  Hirons,	
  A.D.	
  and	
  Bassuk,	
  N.	
  –	
  2015	
  	
  



Acer	
  spicatum,	
  NY,	
  USA	
  

ΨP0 -­‐1.6	
  MPa 



Acer	
  truncatum,	
  Qingling	
  Mt.,	
  China	
  (Photo:	
  Henrik	
  Sjöman)	
  

ΨP0 -­‐2.4	
  MPa 



Acer	
  tataricum	
  &	
  Quercus	
  pubescens,	
  Steppe	
  Forest	
  in	
  Eastern	
  Romania.	
  (Photo:	
  Henrik	
  Sjöman)	
  

ΨP0 -­‐3.6	
  MPa 



Acer	
  grandidentatum,	
  Utah,	
  USA	
  (Photo:	
  Henrik	
  Sjöman)	
  

ΨP0 -­‐3.8	
  MPa 



Acer  cultivars


Sjöman,	
  H.,	
  Hirons,	
  A.D.	
  and	
  Bassuk,	
  N.	
  –	
  2015	
  



Seasonal osmotic adjustment


Sjöman,	
  H.,	
  Hirons,	
  A.D.	
  and	
  Bassuk,	
  N.	
  –	
  2015	
  	
  



Urban	
  plan7ng	
  beds	
  in	
  Ithaca,	
  NY,	
  USA	
  

✓	
  ✗	
  



Conclusions of study


•  Wide	
  varia7on	
  in	
  
physiological	
  drought	
  
tolerance	
  across	
  closely	
  
related	
  species	
  and	
  cul7vars.	
  

•  May	
  be	
  a	
  useful	
  trait	
  for	
  the	
  
selec7on	
  of	
  urban	
  trees.	
  

•  Should	
  provide	
  evidence	
  for	
  
nurseries	
  to	
  reduce	
  the	
  risk	
  
of	
  taking	
  on	
  new	
  plant	
  
material.	
  



A combined 
picture… so far




What’s on the horizon?
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Hirons	
  unpublished	
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Embolism in Trees


Lens	
  et	
  al.,	
  2013	
  Embolism	
  resistance	
  as	
  a	
  key	
  
mechanism	
  to	
  understanding	
  adap7ve	
  plant	
  
strategies	
  

Pinus	
  sylvestris	
  (RLS)	
  



Percentage Loss of Hydraulic Conductivity – 
Embolism Vulnerability Curve


Study	
  evaluated	
  226	
  species	
  from	
  81	
  sites	
  
around	
  the	
  world	
  

Choat	
  et	
  al.,	
  2012	
  Global	
  convergence	
  
in	
  the	
  vulnerability	
  of	
  forests	
  to	
  drought	
  
–	
  From	
  supplementary	
  informa7on	
  

Embolism vulnerability curves showing percentage loss of hydraulic conductivity (PLC) as a function of xylem pressure 
(Ψx). Curves are shown for the angiosperm species Bursera simaruba, a tropical rainforest species (blue curve), and the 
gymnosperm Juniperus osteosperma, a dry forest species (red curve). Points show the xylem pressures at which PLC = 50% 
Ψ50) and PLC = 88% Ψ88) for each species (Ψ50 =  -6.9 MPa and Ψ -1 MPa for J. 
osteosperma and B. simaruba, respectively). A smaller decrease in xylem pressure is required Ψ50 Ψ 88 in B. simaruba because 
of the steeper slope of the curve between Ψ50 and Ψ 88. Ψmin values are indicated by triangles and represent the minimum Ψx 

measured in the field. The difference between Ψmin and Ψ50 (grey area) corresponds to a “safety margin”, which is 3.4 MPa 
for J. osteosperma, while Ψmin passes the Ψ50 point marginally for B. simaruba, resulting in a slightly negative safety margin 
and thus a more risky hydraulic strategy than J. osteosperma.	
  



Quercus: Vulnerability to Cavitation


Vulnerability 
curves to drought-induced 
cavitation in several 
European Quercus species 
from different habitats. In this 
figure, Loss of conductivity 
or PLC is plotted as function 
of water potential.	
  

Vilagrosa	
  et	
  al.,	
  2012	
  



Species Selection




Fundamentals of Tree Establishment


Adapted	
  from:	
  Hirons	
  and	
  Percival	
  2012	
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