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© contains modified Copernicus Sentinel data (2022),
processed by ESA,
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A 'hunger stone' on the bank of the Elbe River in the
Decin, Czech Republic. (Michal Cizek/AFP/Getty Images)




Drivers of tree mortality % ciing
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Mechanisms of woody-plant mortality
under rising drought, CO, and vapour
pressure deficit
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Strategic chauenges forthe urban forest

Tree Mortality Threshold
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\~| Poor Performance

¢ Species selection
is critical to
these challenges

Performing well




About 73,000 tree sPccics globa”y

Check for
updates

The number of tree species on Earth
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3,529 species
157,887 trees

Cazzolla Gatti et al., (2022) PNAS Vol. 119 No. 6



]mProving selection decisions

* Trait based assessment
* Ecophysiological strategies
* Biogeographical data analysis (e.g. SDMs)
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low do trees cope with
limited water availability?




Adaptations to limited water availability

vv

Avoidance of tree water deficit Tolerance of water deficit

vv

Maximizing water acquisition Reduce water use

Increased hydraulic conductivity Stomatal closure Osmotic ad ustme.n - Physiological
ow turgor loss poin .
Deep rooting Reduced leaf and stem growth Resistance to drought- - Sl
Root proliferation Increased resistance to leaf water loss induced cavitation :

Leaf phenology
Leaf abscission

. Life cycle

Hirons and Thomas 2018



Avoid ‘avoiders’ for the cha”enging sites
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Drougl‘xt tolerant trees have
an inherent resilience to
water deficits

* Able to extract water from the soil
for longer during a drying cycle

* Maintain physiological activity for
longer

* Carbon gain
* Transpiration > Evaporative cooling

» Will perform better as landscape
trees on challenging sites
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How can we select for drought tolerance?
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Advice from literature...

Acer negundo

Useful for sandy, dry to sterile soil (Kriissmann 1982)

Drought tolerant (Stoecklein 2001)

Its native habitat is along streams and ponds (Grimm 2002)

Native in moist habitats but performs 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 (Kriissmann, 1986)

Likes humid areas (Beaulieu 2003)

Grows along stream banks, flood plains, swamps (Nelson et al. 2014)

Native Trees, Shrubs,
and Vines for Urban
and Rural America
A Planting Design Manual for
Environmental De igners

Trees of
Eastern
North
America

DIRR’S

Y7 TREES : ENCYCLOPEDIA OF

IN THE

ufEAN TREES

: & SHRUBS

SITE ASSESSMENT, DESIGN, »o INSTALLATION
=]

MICHAEL A. DIRR g ¥
REVISED & UPDATED WITH 1500 NEW PLANTS

Copyrigpesa matanat




Ecological Monographs, 76(4), 2006, pp. 521-547
© 2006 by the Ecological Society of America

TOLERANCE TO SHADE, DROUGHT, AND WATERLOGGING OF
TEMPERATE NORTHERN HEMISPHERE TREES AND SHRUBS

Drought Tolerance ]ndéx

2 34

ULo NINEMETs' AND FERNANDO VALLADARES

' Department of Plant Physiology, University of Tartu, Riia 23, 51011 Tartu, Estonia
Centro di Ecologia Alpina, 1-38040 Viote del Monte Bondone (TN), Italy
*Instituto de Recursos Naturales, Centro de Ciencias Medioambientales, C.S.1.C., Serrano 115 dpdo., E-28006 Madrid, Spain

Scale ranking Annual Soil water Duration of dry
precipit2; tial (MPa) period
(m

A few days

8 A few weeks

6 3 -0.8to-1.5 Up to a month
o 4 300-400 - -3 Two to three
O months
5 <300 >25% <0.5 <-3 More than three
months

Adapted from: Niinemets and Vallaaares 2006



(Using plant traits - 'L /5,

LETTER REVIEW

Global convergence in the vulnerability of
forests to drought

https://doi.org/10.1038/541586-018-0240-x

Brendan Choat™, Steven Jansen?*, Tim J. Brodribb?, Hervé Cochard®, Sylvain Delzon®, Radika Bhaskar’, Sandra J. Bucci®, Triggers Of tree mort alit'y under drought

Taylor S. Feild®, Sean M. Gleason'®, Uwe G. Hacke', Anna L. Jacobsen'?, Frederic Lens'?, Hafiz Maherali*4,

Jordi Martineszilaltals'le, Stefan Mayr”, Maurizio Mencuccinim'w, Patrick J. Mitchellm, Andrea Nardinin, Jarmila Pitterman.nn, 1 . oo ) 3 1 B 14 . 1
R. Brandon Pratt”?, John S. Sperry?, Mark Westoby'?, Ian I. Wright'* & Amy E. Zanne?*2 Brendan Choat"*, Timothy J. Brodribb?, Craig R. Brodersen®, Remko A. Duursma‘, Rosana Lépez™* & Belinda E. Medlyn
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tg of amenity trees to embolism
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USing Plant traits — leaf turgor loss

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

ECOLOGY LETTER

Elogy letters, (2012) 15 393-405 doi: 10.1111/.1461:0248 2012 01751.x

0

IDEA AND
PERSPECTIVE

The determinants of leaf turgor loss point and prediction of
drought tolerance of species and biomes: a global meta-analysis

Abstract
Megan K Batlett, (hristine Inarasing drought is ane of the most aiticdl dhdllenges faing spedes avd @osydams worldwida and
Sooffoni and Lawren Sack™ improvad theory and practices areneaded for quantification of spedestidarances Leal walar polentid at turgor
Depariment of Ecology and loss, or wiling (py), is dasically recognised & a mgor physiclogicd deteminant of plant waler sres

Evolution, Universty of Califomia respanse. However, the cdllular bass of pyp, and itsimportance for prediding ecclogicd droudht tderance have
Los Angeles, 621 CharlesE Young bemn controversid. A melaandyss of 317 spedes from 72 studies showed thal py, was grongly comdaed with
Drive South, Los Angeles, Califomia  waler avalabllity within and aoss biomes, indicaling power for anfidpaling drought responsss. We darived

90005, USA new equalions giving bath pyy, and rddlive waler content at turgor loss point (RWCy,) asexplidt funclions of
A osmic potentid d full turgor {p,) and bulk medulus of dadidty (e) Sensitivity anadlyses and meta-andlyses
Comrespondence: showed thal p, isthe majar driver of py. In coniral, e pjlaysno dired rde in driving drought tolerance within
Email: lawrensackguda edu or azoss spedies;, but sderophylly and diaslic adjusiments act 1o maintain RWCyp, preventing ol dehydraion,

and aldiiondly protet agging nuirient, mechanica and herbivory stressss indepandant of drought tolerance:
These findings daify biogeographic trends and the undalying bads of drought tdaance prandas with
applications in compardive asessments of spades and acosysems worldwide

Keywords

Biogeography, biomes, dimae, plant hydrasics, plant frats.

Edlay Lelss(2012) 15 383406




Drought tolerance in Acer

University Centre
Myerscough

Summer  Spring

Mean Mean

! i Acer spicatum
Acer mandshuricum

Acer carpinifolium

’_‘—ﬁ- Acer rubrum 'Red Sunset'
"‘—nﬁ'— Acer saccharum 'Cadda’
H—,ﬁr Acer saccharum 'Green Column'
“—ﬁ=— Acer miyabei

sal0adg

: Acer rubrum 'October Glory'

—|==— Acer x freemanii 'Autumn Blaze'
' Acer platanoides

ﬁ;—
1i=— Acer rubrum 'Northwood'

| "ﬁ Acer x zoeschense
Acer tataricum

| ._=]— Acer saccharum 'Green Mountain'
Tﬁ Acer grandidentatum

i }_ﬁ— Acer monspessulanum

P =<0.001
I Spring
B Summer "‘—Hﬁ Acer truncatum
H—i—nﬁ- Acer pensylvanicum
T | — ACET tEgMENtOSUM
"‘—|1=- Acer negundo
'—'—|—|=]— Acer pseudoplatanus
Hﬁ_ﬁ' Acer heldrechii
"‘—Hﬁ- Acer griseum
H P —— Acer cappadocicum
H i Acer campestre
-
<
“——Fﬁ-
"_4|-—=— Acer saccharinum
= — Acer nigrum
—
—
—
—
'—u
I | I I
-5 -4 -3 -2 -1

Sjoman, Hirons and Bassuk (2015)
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Summer  Spring
Mean Mean

P =<0.001
I Spring
[—1 Summer

Acer spicatum
Acer mandshuricum
Acer truncatum
Acer pensylvanicum
Acer carpinifgli
mentosum
Acer negundo

Acer pseudoplatanus
Acer heldrechii

Acer rubrum 'Red Sunset'
Acer saccharum 'Caddo’
Acer saccharum 'Green Column'
Acer miyabei

Acer griseum

Acer cappadocicum
Acer campestre
Acer rubrum 'October Glory'
Acer x freemanii 'Autumn Blaze'
Acer platanoides

Acer saccharinum

Acer nigrum

Acer rubrum 'Northwood"
" aebonse

Acer tataricum
Acer saccharum 'Green Mountag
Acer grandidentatum
Acer monspessulanum

Urban planting beds in Ithaca
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Robust spccies selection advice is essentia

Species

Selection

for Green
Infrastructure e —

) Not secure | www.tdag.org.uk/sp

HOME ABOUT TDAG GUIDES & RESOURCES CASE STUDIES RESEARCH CONFERENCES NEWS CONTACT US

How can we improve species selection so that we can provide our towns and cities with
diverse and resilient palette of trees that are capable of thriving in challenging urban

environments? This guide offers for the first time in the UK a comprehensive, research-
based decision-making tool on selecting appropriate species for arange of contrasting
planting scenarios. A free copy of the guide and its companion database can be

Tree Species

Selection @
for Green

Infrastructure

Lancaster E23 Unigarsty Contre
ircv‘s![}csmn University * ¢ . Myerséotigh J

SLU
Action Group

TDAG_Tree Species Guide v1.3.pdf ,  TDAG_Tree Species Guide_Database v1.0.xlsx
Download File Download File

As well as providing advice on the general approach to species selection, = uide for Specifiers includes
information for over 280 species on their use-potential, size and crown characteristics, natural habitat, enwronmenta\ tolerance, ornamental qualities, potential
issues to be aware of, and notable varieties. The overall aim of this guide it to provide, clear, robust information to specifiers to enable appropriate species

selection and aid the diversification of the urban forest
Audience
Tree Species Selection for Green Infrastructure: A Guide for Specifiers is written for anyone with an interest in specifying trees for green infrastructure. This is
° ° ° likely to include: arboriculturists; architects; civil and structural engineers; designers; landscape architects; landscape contractors; non-pro t organisations;
e e

planners and tree officers.

How this guide was developed

Tree Species Selection for Green Infrastructure: A Guide for Specifiers was written by Andrew D. Hirons, Senior Lecturer at University Centre

Myerscough and Henrik Sjéman, Senior Researcher at the Swedish University of Agricultural Sciences and Scientific Curator at Gothenburg Botanical Garden. It
is the major outcome of a Natural Environment Research Council (NERC) Green Infrastructure Innovation Project (NE/NO17773/1) entitled Tree Selection for
Green Infrastructure. This project provided the opportunity to evaluate the current approach to tree species selection within the British Isles, conduct some
original research on a sub-set of species and produce this guidance. In addition to the NERC sponsored research, data derived from studies funded by the
Hyland R. Johns Research Grant (TREE Fund), Fund4Trees and The Swedish Research Council for Environment, Agricultural Sciences and Spatial Planning |
(FORMAS) as well as a wide range of published literature has also been used to underpin the recommendations. -
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Can determine sap flow dynamics and volume of water transpired
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Tilia cordata .

Response to soil Arging

* In late June a period of warm, dry .

weather and increasing vapour
pressure deficit (VPD) leads to soil

drying. This can be seen via the 00

soil water potential (SWP) and the
soil water content (SWC). 2
 This Tilia cordata tree responds by

reducing sap flux density (SFD).

* The increasing water stress is also e
expressed with an increasing Efz
maximum daily shrinkage :
(Growth).

* Stress is alleviated by rainfall in
late June-early July (Rain).
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Taxonomic review



Methodological Approach




Species distribution modelling



Trait analysis
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Recommendation 1:%
Enhance the health >
of existing trees

1.1 — Prioritise investment in rooting environments — intentionally design space for roots, provide

adequate soil volumes and promote healthy soils.
1.2 — Implement soil decompaction and improvement programmes for large, mature trees that deliver the

greatest benefits.
1.3 — Recognise and resource tree health enhancement as a critical climate-adaptation action, not a

maintenance activity.



Recommendation 2: =
Strategically o
diversify London’s
Urban Forest

2.1 — Increase taxonomic diversity within the constraints of species predicted to be suitable to London’s

future climate.
2.2 — Integrate pest, pathogen and invasiveness risk assessments with climate-suitability data to guide

suitable species palettes.
2.3 — Embed these criteria into borough tree strategies, policy, procurement frameworks and design

guidance.



Recommendation 3: *
Fund tree :
establishment, not

tree planting

3.1 — Require species suitability assessment, aftercare and establishment monitoring in funding

agreements.

3.2 — Redesign grants and contracts to reward successful tree establishment (typically 5 years post-
planting), not initial planting.

3.3 — Phase out numeric “trees planted” targets in favour of establishment success rate.



Recommendation 4:%+
Adopt a London tree
data standard

4.1 — Implement a London-wide tree data framework covering taxonomy, measurement methods, and
mortality reporting.



Recommendation 5:°
Collaborate with tree
nurseries

5.1 — Provide nurseries with clear guidance on required species palettes.

5.2 — Establish nursery partnerships and contract-growing agreements to secure long-term supply of
future climate-suitable and biosecure trees.

5.3 — Use collective London-level procurement to achieve economies of scale and ensure consistent
stock quality.

5.4 — Where feasible, support climate-adapted tree production initiatives within London.



Recommendation 6: -
Develop a strateglc -
mechanism to get
novel material into
horticultural

production

6.1 — Work with government bodies and industry to develop compliant mechanisms to introduce and trial
new species and provenances suitable for future conditions.

6.2 — Support research on intraspecific variation in plant traits and targeted provenance selection to
identify the most future climate-compatible planting material.

6.3 — Use botanic gardens and arboreta as hubs for research, testing, and knowledge transfer.



Recommendation 7:%+
Address gaps in N
plant trait data

7.1 — Support further research to address the ‘missing’ trait data gaps in wood density, leaf dry-matter
content, and turgor-loss point for under-represented species.

7.2 — Establish a framework for collaboration between research institutions, policymakers and industry to
continue to improve the evidence base for urban species selection.
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Evaluate potential
canopy cover

impacts of species
climate suitability

8.1 — Once standardised data is adopted, use remote sensing (e.g. LiDAR) to map canopy structure and
evaluate the impact of species on canopy cover.



Recommendation 9: @
Develop London- =
wide strategies and
structures to
manage the whole of
London’s urban
forest

9.1 — Empower the London Urban Forest Partnership to coordinate data, investment, and planning for
public realm trees across the city.




Recommendation 10:
Enhance the health
of existing trees

10.1 — Apply the methodology prototyped in London to assess the future climate suitability of trees to

other UK cities and regions.
10.2 — Develop this analytical framework further to support a national evidence base for improving urban

forest resilience within UK-wide climate adaptation policy.
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