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TREENET INCORPORATED
CONSTITUTION
1.

NAME
The name of the Association is "TREENET Incorporated"

2.

3.

DEFINITIONS
2.1

“The Act” means the Associations Incorporations Act 1985.

2.2

“Association” means the above named Association.

2.3

“Management Committee” means the committee referred to in Rule 11.

2.4

“Advisory Board” means the Board referred to in Rule 12.

VISION AND AIMS
3.1

Vision
The vision of the Association is to enhance the role of trees in the urban forest and to engage the
community in this endeavour.

3.2

Aims
The aims of the Association are:

4.

3.2.1

To develop and maintain an interactive web application to facilitate the exchange of
information relating to urban forests.

3.2.2

To promote research and education relating to urban forests including holding symposia.

3.2.3

To broaden the body of knowledge that exists about street trees and foster research,
distribute applicable information, facilitate cooperation and enlist community support
concerning the protection, preservation and enhancement of the urban forest.

3.2.4

To establish and maintain a public fund to be called TREENET Fund for the specific
purpose of supporting the environmental purposes of TREENET Inc. The Fund is
established to receive all gifts of money or property for this purpose and any money
received because of such gifts must be credited to its bank account. The Fund must not
receive any other money or property into its account and it must comply with
subdivision 30-E of the Income Tax Assessment Act 1997.

POWERS
The Association shall have all the powers conferred by Section 25 of the Act.

5.

MEMBERSHIP
5.1

Membership
When an organisation or person has agreed to become a member of the Association and has paid
the Association’s membership fee where it applies, then that organisation or person will be
admitted to membership pursuant to the Constitution, and their name shall be entered in the
Association’s Register of Members.
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5.2

Classes of Member
There shall be five classes of member:
5.2.1

Management Committee Member
This class shall consist of all members of the Management Committee as described in
Rule 11.1. Management Committee Members will have the right to receive notice of
and attend all meetings.

5.2.2

Advisory Board Member
This class shall consist of natural persons who have been invited by the Management
Committee to be on the Advisory Board and agreed. Advisory Board Members will have
the right to receive notice of, and attend, the Annual General Meeting and other
General Meetings as called. The term of appointment will be for the calendar year.

5.2.3

Associate Member
This class shall consist of natural persons who register an interest in joining the
Association and who subscribe to the aims of the Association.

5.2.4

Institutional Member
This class shall consist of research and educational institutions, government bodies,
businesses and associations who are financial members. Institutional Members will have
the right to receive notice of, and attend, the Annual General Meeting and other
General Meetings as called.

5.2.5

Honorary Life Member
This class shall consist of natural persons who have been granted Honorary membership
at the discretion of the Management Committee. Honorary Life Members will have the
right to receive notice of and attend the Annual General Meeting and other General
Meetings as called.

5.3

Votes
Members may exercise the following voting entitlements:

5.4

5.3.1

Management Committee Member – 1 vote

5.3.2

Advisory Board Member – 1 vote

5.3.3

Associate Member – members of this class shall have no votes

5.3.4

Institutional Member – financial members – 1 vote by representation or proxy

5.3.5

Honorary Life Member – 1 vote

Register of Members
A Register of Members shall be kept which contains the name, postal or electronic address, class
of membership and subscription details of each Member and the date of joining the Association.
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5.5

No Transfer of Rights
The rights and privileges of a Member shall not be transferable and shall cease upon such an
organisation or person ceasing to be a Member.

6.

MEMBERSHIP FEES
The Management Committee shall from time to time set the terms and conditions of membership fees,
if any, for the different classes of membership.

7.

CESSATION OF MEMBERSHIP
Membership may cease by resignation, expulsion or non payment of fees.
7.1

Resignation
Members shall cease to be a member by notifying the Association by whatever means the
Management Committee might direct from time to time.

7.2

Expulsion
If any Member wilfully refuses or neglects to comply with the provisions of the Constitution, or is
guilty of any conduct which in the opinion of the Management Committee is unbecoming to a
Member or prejudicial to the interests of the Association, the Committee shall have the power to
expel the member from the Association PROVIDED THAT at least one month before the
Committee Meeting at which a resolution for the Member’s expulsion is to be considered, the
Member shall have been given notice of such meeting and what is alleged against them and of
the intended resolution for their expulsion, and they shall at such meeting and before the
passing of such resolution have had an opportunity to give oral or written explanation for their
defence.

7.3

Non-payment of Fees
If a Member has not paid fees as agreed in the terms and conditions and has been notified in
writing by the Association of this failure, then the Member shall cease to be a Member of the
Association unless the prescribed fee is paid by the date as notified.

8.

9.

PROPERTY AND FINANCE
8.1

The funds and other property of the Association shall be managed and controlled by the
Management Committee and shall be used only for the vision and aims of the Association.

8.2

All cheques, negotiable instruments and orders drawn by the Association shall be signed by two
persons designated by the Management Committee.

8.3

Subject to Rule 8.1, the surplus funds of the Association may be invested in such manner as the
Management Committee sees fit, except direct equities.

8.4

The accounts of the Association shall be audited annually.

8.5

The financial year of the Association shall be from 1 July to 30 June.

8.6

The Association shall prepare financial accounts at the end of each financial year.

NOT-FOR -PROFIT
The assets and income of the Association shall be applied solely in furtherance of its above-mentioned
vision and aims and no portion shall be distributed directly or indirectly to the members of the
Association except as bona fide compensation for services rendered or for reimbursement for expenses
incurred.
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10.

11.

MEETINGS OF THE ASSOCIATION
10.1

The Annual General Meeting shall be held at such time as the Management Committee shall
determine.

10.2

Any Motion that any voting Member proposes to move at the Annual General Meeting including
a proposal to alter the Constitution shall be given in writing to the Management Committee at
least four weeks before the meeting.

10.3

At least 21 days before the Annual General Meeting or any other General Meeting, notice shall
be given by written or electronic form sent to all members of the Association entitled to vote, but
any accidental omission to give notice to any voting member shall not invalidate the meeting.

10.4

At the Annual General Meeting, ordinary business shall be the presentation of the audited
financial accounts, election of the Management Committee and the appointment of an auditor.

10.5

Each voting member present shall be entitled to one vote. In case of an equality of votes, the
Chair shall have a second or casting vote.

10.6

A Special General Meeting may be requested by ten voting members presenting an agenda to the
Management Committee, the agenda being signed by all ten members. The Management
Committee must within 14 days give notice of a Special General Meeting to be at least 21 days
from the notice date. The Special General Meeting will be limited to the agenda items plus other
items of which the Committee gives notice. Once the agenda items have been resolved by
consensus, resolution or vote they cannot be used again to call a Special General Meeting for 52
weeks from the meeting date.

10.7

An Advisory Board Member shall be entitled to appoint in writing a natural person, who is also an
Advisory Board Member of the Association, to be his or her proxy, and to vote on his or her
behalf at any general meeting of the Association.

MANAGEMENT COMMITTEE
11.1

Membership of the Management Committee
The Management Committee will comprise six elected members drawn from education and
research, business and government sectors of the community and three ex officio members as
follows:

11.2

11.1.1

An academic from a tertiary educational institution

11.1.2

A member of Local Government

11.1.3

Four other members

11.1.4

The Director of Waite Arboretum will be a member ex officio and may also represent
The University of Adelaide with consent from the University

11.1.5

The Directors of Treenet and the Treasurer of Treenet will be members ex officio.

Elections
11.2.1

The elected members of the Management Committee shall be elected annually by
voting members of the Association at the Annual General Meeting.

11.2.2

Where the number of candidates for membership of the Management Committee
exceeds the maximum number, elections shall be held by secret ballot of members at
the Annual General Meeting entitled to vote. In the case of an equality of votes, the
Chair shall have a second or casting vote.
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11.3

11.2.3

The nomination of a candidate for membership of the Management Committee must
be in writing, signed by a proposer (who must be an Advisory Board member) and by
the nominee. The nomination must be delivered to the Director of the Association
before such time as the Management Committee shall determine.

11.2.4

Subject to Rule 11.1, the Management Committee shall have the power to co-opt
further Committee members and to fill casual vacancies.

Office Bearers
The Office Bearers of the Association shall be:
Chair
Directors & Public Officer ex officio
Treasurer ex officio

11.4

Procedures Generally
The Management Committee may meet in person or confer by video or telephone conferencing,
email or by other electronic means for the dispatch of business and subject to the Constitution,
otherwise regulate its meetings as it thinks fit.

11.5

11.6

Calling of Committee Meetings
11.5.1

The Management Committee shall meet or confer at least four times per year as
described in 11.4. Notice of the meeting or conference shall be given in writing to
each Committee Member.

11.5.2

The position of any Committee member absent for three consecutive meetings or
conferences without leave of absence shall automatically become vacant. Acceptance
of an apology shall be deemed grant of such leave.

Chair
The Chair shall take the chair at meetings. In his or her absence, the Committee shall appoint a
member of the Committee to chair the meeting.

11.7

Decisions of Questions
Questions arising before a meeting of the Committee shall be decided by a majority vote. In
case of an equality of votes, the chair shall have a second or casting vote.

11.8

Reporting
The Management Committee shall be responsible to the Association and shall present an annual
report, including the audited financial accounts, to each Annual General Meeting.

11.9

Auditor
The Management Committee shall appoint an auditor of the Association, who will hold office
until the next Annual General Meeting of the Association.

12.

ADVISORY BOARD
12.1

There shall be an Advisory Board of the Association.

12.2

The Advisory Board will comprise persons who are competent and willing to provide advice to
the Association in their individual areas of expertise, and to liaise with other bodies and
institutions for the purpose of facilitating the flow of information between the Association and
those other bodies and institutions, and facilitating the implementation of projects which the
Association undertakes in furtherance of its aims.

12.3

Members of the Advisory Board shall have no power or authority to represent the Association in
any dealings between the Association and third parties.
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13.

14.

12.4

The Advisory Board shall meet at such times and places as the Management Committee shall
determine.

12.5

The Chair of the Management Committee will take the chair at meetings of the Advisory Board.

QUORUMS
13.1

The quorum at general meetings of the Association shall be six members entitled to vote.

13.2

The quorum at Management Committee meetings shall be three members.

AUTHORITY TO ENTER INTO CONTRACTS OR AGREEMENTS
The Association shall not be committed to any binding contract or Agreement except pursuant to a
resolution of the Management Committee and the instrument shall be signed by at least two members
of the Committee.

15.

16.

DISSOLUTION
15.1

The Association shall be dissolved if a resolution to this effect is carried by a three-quarters
majority voting in person or by proxy at a general meeting, 21 days notice of the proposed
resolution having been given to all members entitled to vote.

15.2

In the event of the Association being dissolved, the amount that remains after such dissolution
and the satisfaction of all debts and liabilities shall be transferred to the University of Adelaide,
for expenditure on the Waite Arboretum only.

ALTERATION TO THE CONSTITUTION
This Constitution may be altered by resolution of a majority of three-quarters of members entitled to
vote and who cast a vote in person or by proxy at a general meeting. Written notice of amendments
shall be posted to all members entitled to vote at the same time as the notice of the meeting.

17.

REQUIREMENTS OF THE PUBLIC FUND
The organisation must inform the Department responsible for the environment as soon as possible if:
 it changes its name or the name of its public fund; or
 there is any change to the membership of the management committee of the public fund; or
 there has been any departure from the model rules for public funds set out in the Guidelines to the
Register of Environmental Organisations.

18.

MINISTERIAL RULES
The organisation agrees to comply with any rules that the Treasurer and the Minister with
responsibility for the environment may make to ensure that gifts made to the fund are only used
for its principal purpose.

19.

CONDUIT POLICY
Any allocation of funds or property to other persons or organizations will be made in accordance
with the established purposes of the organisation and not be influenced by the preference of the
donor.
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20.

WINDING-UP
In case of the winding-up of the Fund, any surplus assets are to be transferred to another fund with
similar objectives that is on the Register of Environmental Organizations.

21.

STATISTICAL INFORMATION
Statistical information requested by the Department on donations to the Public Fund will be
provided within four months of the end of the financial year.
An audited financial statement for the organisation and its public fund will be supplied with the
annual statistical return. The statement will provide information on the expenditure of public fund
monies and the management of public fund assets.

22.

RULES FOR THE PUBLIC FUND
22.1

The objective of the fund is to support the organization’s environmental purpose.

22.2

Members of the public are to be invited to make gifts of money or property to the fund for the
environmental purposes of the organisation.

22.3

Money from interest on donations, income derived from donated property, and money from the
realisation of such property is to be deposited into the fund.

22.4

A separate bank account is to be opened to deposit money donated to the fund, including
interest accruing thereon, and gifts to it are to be kept separate from other funds of the
organisation.

22.5

Receipts are to be issued in the name of the fund and proper accounting records and procedures
are to be kept and used for the fund.

22.6

The fund will be operated on a not-for-profit basis.

22.7

A committee of management of no fewer than three persons will administer the fund. The
committee will be appointed by the organisation. A majority of the members of the committee
are required to be ‘responsible persons’ as defined by the Guidelines to the Register of
Environmental Organizations.
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SPEAKER AND PANELLIST PROFILES
Dr Greg Moore
Greg Moore was Principal of Burnley College of the Institute of Land Food
Resources at Melbourne University from 1988 to 2007. Prior to this he was a
Senior Lecturer and Lecturer in Plant Science and Arboriculture at Burnley from
1979. He was Head of the School of Resource Management at the University
from 2002 to 2007.
Apart from a general interest in horticultural plant science, revegetation and
ecology, Greg has a specific interest in all aspects of arboriculture. He has
contributed to the development of Australian Standards in pruning and amenity
tree evaluation and continues to be a major speaker at conferences worldwide
and in Australia.
He was the inaugural president of the International Society of Arboriculture, Australian Chapter. He is a much
sought after guest for talk-back radio and regularly invited to contribute comment for television and print
media.
He has been a member of the National Trust of Victoria’s Register of Significant Trees Committee from 1988,
chairing the committee since 1996. He has chaired TREENET since 2005.
Greg continues to supervise post-graduate students and pursues an active research profile in any matters that
relate to trees in the urban environment and revegetation.

Professor Simon Beecham
A civil engineer by training, Simon is currently Pro Vice-Chancellor of the
Division of Information Technology, Engineering and the Environment (ITEE) at
the University of South Australia.
He is also currently Chair of the International Water Association’s International
Group on Urban Rainfall.
His personal research interests include water sensitive urban design (WSUD),
the effects of climate change on integrated water management and siphonic
roofwater harvesting and reuse.

Dr Don Cameron
Don has a world-wide reputation on the performance of building foundations in
reactive soils. Through publications and CSIRO reports, much of his research
was adopted by the Australian Standard for residential footings (AS2870). Don
has chaired the South Australian Footings Group and the Australian
Geomechanics Society (SA chapter) for an extensive period. On the national
level, he has chaired the Australian Standards committee for footing design and
construction through a major revision, which was issued in 1996. He has been
on this Standards committee since 1986. Internationally he was a member of
Technical Committee TC106, Unsaturated Soils for the International Society for
Soil Mechanics and Geotechnical Engineering from 2011 to 2014, and TC202,
Transportation Geotechnics, since 2011. Accordingly, Don is often called upon
to lecture on site classification and footing design. He is also called upon to give
advice on damaged buildings. Don has published over 110 publications which
include the disciplines of geotechnical engineering and pavement engineering.
Currently Don is an adjunct academic researcher with UniSA and RMIT.
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Rob Bodenstaff
Rob has spent the past 30 years pursuing the better management and
utilisation of trees in Western Australia’s diverse urban environs.
Seeking and influencing others to engage in achieving better outcomes for
urban trees, has been the driver for him. This has led to the creation of multidisciplined expertise in arboricultural consultancy, tree canopy management,
root zone management, veteran and icon tree management and civic tree
farming, as well as being a recognised leader in mature tree transplanting in
Australia and Internationally. Rob’s firsthand experience in developing world
leading tree transplanting techniques for mature trees within urban
precincts, has bought to light many aspects of our native tree root systems
that challenge common literature on the subject and also challenges the way
we often manage tree roots in Western Australia’s endemic sands and soils.
His TREENET presentation “Meeting the challenge of managing tree roots & infrastructure” is based on this
background of experience and the ongoing investigations, trials, projects and research that is helping us
discover better ways to successfully engineer trees into the unique built urban environment within Perth’s
coastal sands and broader regions; and that may well have application elsewhere.

Tim Johnson
A horticulturist, naturalist and educator by training, Tim’s profession of
choice is local government arborist. His primary foci during twenty five years
with South Australian councils have been sustaining the legacy of earlier
horticulturists by continuing to establish trees for future communities and
adapting local government practices to meet the challenges of increasing
spatial pressures, the degradation of urban soils and climate change. Tim’s
research toward a PhD in civil engineering, Trees, Stormwater, Soil and Civil
Infrastructure: Synergies Towards Sustainable Urban Design for a Changing
Climate, aligns closely with the philosophy of his employer, the City of
Mitcham.

Jen Mullaney
Jen Mullaney has recently obtained her PhD, which focused on ‘Using
permeable pavements to improve tree growth’. Her research has led to a
number of publications in ‘Urban Forestry and Urban Greening’ and
‘Landscape and Urban Planning’ relating to tree growth in urban areas.
Prior to commencing her PhD she graduated with a degree in Geography
and Environmental Science and worked in managing a wide range of water
and wastewater monitoring and assessment projects. Her research has
largely focused on the ability of stormwater water improvement devices to
operate efficiently. This led to her research focusing on understanding the
behaviour of permeable pavements and potential to improve tree growth.
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Robin Allison
Robin is a founding Director of DesignFlow, a specialist water sensitive urban
design consultancy based in in SA, Victoria and Queensland. He has more
than 20 years’ experience in stormwater management and in particular
integrating WSUD into urban spaces to protect aquatic ecosystems while
enhancing people’s enjoyment and appreciation of water.
He has delivered project from streetscape scale to regional wetlands. All of
the systems employed use vegetation as a key driver of water quality
improvement.

Mellissa Bradley
Mellissa is a strong advocate for the creation of more liveable cities and
towns through the delivery of urban growth and infill developments that
incorporate integrated water management objectives and best practice
water sensitive urban design.
With more than 20 years’ experience working within the fields of civil
design, development assessment, policy development, environmental
management and construction management, Mellissa understands the
support that industry needs to ensure water sensitive urban design is
commonplace within our urban landscape.
Her experience in engineering and planning, together with a history of
developing and implementing capacity building programs for local
government in catchment and urban water management, has brought
Mellissa to her current role as Program Manager with Water Sensitive SA –
a capacity building program for water sensitive urban design.
Having worked in development assessment in the Sydney in the mid to late 90s at a time when inner western
Sydney was facing a massive transformation of low density to high rise housing, immediately adjacent the
Parramatta River, Mellissa witnessed first-hand the impacts of rapid urban consolidation. Stepping forward
nearly 20 years Mellissa is supporting practitioners to ensure stormwater management takes its rightful place
as key design consideration of any new development, together with the use of alternative water resources to
support greening of our urban landscape.

Russell King
Russell King has a Masters in Civil Engineering.
He has been working across a number of disciplines over the past 12 years
in Local Government as and is currently the principal stormwater engineer
at the city of Mitcham.
At 35 years old, he is the proud father of two daughters (one brand new!)
and passionate about engineers and their role in developing new,
innovative ways, to improve the environment and the urban realm.
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Graham Prichard
Graham commenced horticulture training in 1982 at the Darwin Botanic
Gardens. He spent the next eighteen years there working on all manner of
tasks including restoring heritage trees damaged in the big cyclone of 1974.
Graham then moved to NSW where he spent ten years as the senior weed
and pest management officer working on a wide variety of natural resource
projects in the water wonderland of Port Stephens. Since 2011 he has been
employed at Lake Macquarie City Council as a Project and Technical Officer,
Natural Areas. In this position he is required to deal with a diverse range of
public tree matters, striving to balance conflicting priorities and demands for
tree services.

Jason McKenzie
Jason started his journey 20 years ago as a landscape horticulturist
commencing formal studies in 1997 and now has over 15 years’ experience
working in local government. Jason’s early experience was undertaking civil
landscape & horticulture projects in environmentally sensitive areas within
the catchment of Lake Macquarie, Australia’s largest coastal saltwater
lagoon. For the past 5 years Jason has worked as an Asset Inspector &
Project Officer for Natural Areas, managing and accessing Council bushland,
Lake foreshore and street trees with a particular focus to implement better
management practices and improve cross-departmental communication and
education for trees.

David Lawry OAM
David is responsible for co-founding TREENET (Tree and Roadway
Experimental and Educational Network) in 1997 with Dr Jennifer Gardner,
curator of the Waite Arboretum.
With a Degree in Agricultural Science and a long horticultural history in the
nursery and landscaping industry, David is a respected champion for the
emerging science aimed at improving the establishment and retention of
trees in urban settings, particularly street trees.
In 2004, David initiated the “Avenues of Honour 1915-2015” project.
From 2013 in his new role with TREENET as Director, Avenues of Honour,
David’s special focus has been to drive and coordinate the project coinciding
with the Centenary of ANZAC in 2015.
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THE WINDS OF CLIMATE CHANGE ARE ALREADY BLOWING IN THE
DIRECTION OF AUSTRALIAN ARBORICULTURE.
G M Moore
University of Melbourne, Burnley College, 500 Yarra Boulevard, RICHMOND, 3121

A recent request to write briefly about the trends affecting Australian arboriculture proved to be a difficult
task. In considering a country that is continental, there is great variability – north south, east, west, urban,
regional and rural, tropical and temperate (Moore, 2015). Political, economic and environmental values can be
different in different States and regions, but from time to time, it is worthwhile taking stock of the things
impacting upon arboriculture and where the future might take urban tree management.
The clearing of native vegetation as peri-urban areas of cities and regional centres expand is of major concern
in most States, but is more severe in some than others. The character of existing and future suburbs has been
changed or threatened by the rapid clearing of trees and there are more subtle changes wrought by the loss of
tree canopy cover through intense urban renewal. Such changes put at risk the realisation of the potential for
services and functions that urban trees provide and threaten both the economic viability and environmental
sustainability of those suburbs. In some new urban development projects, there is no place for trees in private
open space and the narrowness of streets often leads to the failure of nature strip tree plantings as vehicles
are parked on the only space available. In these places there is very little potential for trees to provide shade
or other services for future generations.
As of the middle of 2015, there are many parts of Australia experiencing drought, and there is the prospect of
an el Niño event over the coming summer of 2015-6. With a recent history of record high summer
temperatures in many parts of Australia, rainfall patterns altering, and cyclonic and major storm events
increasing both in frequency and ferocity in all regions of the country, the topic of climate change cannot be
far from public attention and the impacts of climate change on arboriculture are already being felt. Trees have
been windthrown or experienced major limb failures which have resulted in significant property damage and,
sadly, deaths, including those of young children. Arborists are being asked to determine why such failures have
occurred and whether tree inspection prior to the failures could have prevented them. This then turns a
spotlight upon the training of arborists and on the protocols that are used during tree inspections. The
demands for higher levels of arboricultural professionalism and for impartial and independent consultancy
advice are greater than ever.
Images of fallen trees on homes and vehicles are dramatic and can lead to a knee-jerk reaction and the
removal of large numbers of trees. The countervailing sentiment that the moderating influence of trees on
wind speeds during storms has prevented even greater damage or injury rarely gets media exposure. Many
major tree failures can be traced back to an aging urban tree population where trees planted a century or
more ago are still providing amenity, but have been subjected to a great deal of canopy and root disturbance,
both of which can contribute to their failure. While there have been inadequate staggered tree plantings and
replacement strategies over the past century to provide a canopy of mixed age classes and greater species
diversity, there has been some progress in this regard in some parts of Australia in the last few years with the
adoption of urban forest strategies by some local government authorities.
While the value of functions and services that are provided by urban trees are still to be accurately calculated
and accepted by both the economic and legal systems, progress is being made (Moore 2015a). Health
authorities have recognised the value of shade from the urban forest canopy in reducing the urban heat island
(UHI) effect and preventing heat-related illnesses, particularly during heat waves. Heat waves are the greatest
killers of people of any natural phenomenon and in a country as warm and dry as Australia, predictions made
under climate change scenarios are suggesting that the number of heat-related deaths, hospitalizations and
ambulance call-outs will increase substantially, as will the costs to society. Consequently under an economic
imperative, health authorities are investigating ways of reducing costs and are promoting an increase in urban
tree cover as a possible remedy. At the same time, however, intensive urban and inner city re-development is
resulting in a decline in the tree cover in many major Australian Cities and regional centres.
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A good tree in a front garden can add $5,000 to domestic property values, and others put the value as high as
5% of the property value, which has been verified by Plant’s (2015) recent work which put the value at 5.4%.
(Boyd 2010). Earlier work estimated that a tree-lined nature strip added 30% to properties compared to similar
houses on treeless streets just two blocks away (Gonzalez 2007), but people would prefer that the trees were
in their street but not in front of their homes (Plant 2015). Survey results showed that 73% of Australians want
a backyard and that for 57% of respondents, having a park within a 5-10 minute walk of their home was
important to them (Planet Ark, 2014), which is consistent with health authorities finding that the presence of
vegetation, and trees in particular, increased both active and passive recreation (Moore 2015). In many cities,
the green and leafy suburbs have been subject to multi-unit developments on large blocks full of mature trees,
the removal of which ignore the community's valued, local characteristics and diminish property values
(Moore 2014).
At a time of rapid, and in some political quarters, controversial change, it is perhaps not surprising that a
paradox emerges. On the one hand, there is a drive for tree clearing in many places precipitated by the need
for development, better roadways and more dwellings as the Australian population, particularly in urban
centres, grows rapidly. On the other, planners and health authorities are recognising the need for greater
canopy cover to reduce heat wave related deaths and to encourage healthier lifestyles. These are two major
economic drivers affecting arboriculture at present and during a time of rapid change; it is not really possible
to predict how things will eventuate. This can only be done with the value of hindsight.
If the full measure of the benefits of the services and functions provided by canopy cover, urban vegetation
and vegetated open space are to be captured, cover needs to be established in excess of 30%. Many, and
indeed the majority of, Australian local government districts have a cover of 20% or less. It is noteworthy that
several local government authorities have established challenging and increased tree cover targets, which
would see canopy density double, from lows of around 13% to 20% and from a more common 20% to 40%,
over a 20-30 year planning period. The major drivers of these targets are economic and health related, rather
than environmental or conservation values. Here lies another conundrum: at the same time as the value of
urban trees is increasingly being recognized by some sectors of Australian society, other sectors are removing
larger, older trees in increasing numbers.
Its island status has spared Australia of many of the pests and diseases that have affected native and exotic
tree species in other parts of the world, but as conditions warm and dry periods extend there has been an
increase in tree deaths from biological causes and our small number of pathologists and entomologists are
hard-pressed to cope. Rising temperatures are likely to facilitate an increase in both fungal and insect pests
and there is a lag phase in the responses of vegetation, and in tree species that lag may be decades or
centuries, which makes managing tree populations very difficult. Australia cannot escape the effects of global
warming and so much is happening at a time when there have been severe cuts in government spending on
science, the environment and climate change.
Myrtle rust has cut a swathe down the east coast of Australia over the past five years, while cypress canker has
steadily taken a toll on older, stressed conifers. More older pines have succumbed to the fungus, Diplodia
pinea, and more recently there have been outbreaks of the exotic insect, giant pine scale (Smith and Smith
2014). These tree deaths have been particularly noticeable in south eastern Australia, which experienced a 1013 year period of below-average rainfall from 1999 until 2010-2, followed by floods and water-logged soils.
Such fungal and insect attacks on native and exotic trees have caused significant tree losses, raising concerns
about the future role of some species in our urban and regional landscapes.
Australian arborists tend to be earlier adopters of technology and there is little doubt that technology will play
an increasing role in urban tree management. Root systems can be mapped non-destructively with ground
penetrating radar (GPR) and in some States Avenues of Honour and other significant trees can be located and
identified using i-phone Apps. These technologies are still relatively new and it can be expected that their ease
of use and accuracy will improve at the same time as their cost. Other technologies using fluorescence allow
the ready determination of photosynthetic activity and can be used to estimate tree vitality (Johnstone et al
2013). Soon these approaches will allow the ready assessment of tree condition, soil properties and the
identification of pest and disease causing organisms. The proper use of such technology will demand a welleducated and professional arboriculture.

The 16th National Street Tree Symposium 2015

19

Our urban street trees have proved to be great societal assets. While many specimens have been lost over the
past fifty years, many have been saved and preserved through the actions of local citizens who have seen the
value of vegetation to future generations. Being on the cusp of significant change, provides opportunities for
both the urban forest and the arborists who manage them to in make significant contributions to the
sustainability and liveability of cities and regional centres for decades and centuries to come. Carpe diem!
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Abstract
Street trees have long been associated with increased residential house prices and provide many
environmental, economic and social benefits in both residential and commercial precincts. However,
increased urbanisation has led to an exponential growth in impermeable surfaces which can increase the
environmental stresses on street trees. This can often lead to tree roots spreading to areas that have more
favourable growth conditions, which in turn can cause infrastructure damage and pavement uplift. The costly
results of this natural growth have led researchers to investigate a range of preventative measures to both
reduce pavement damage and to sustain tree health. This paper provides a review of the benefits provided by
street trees, their perceived community values, the costs associated with inappropriate root growth and
pavement damage, and most importantly the latest research on verified ameliorative measures for preventing
pavement damage and improving tree growth.

Introduction
Urbanisation results in increasing areas of impervious surfaces within a catchment and this can change the
natural drainage characteristics of the catchment. Pavements are an everyday part of the urban landscape that
can have a significant environmental impact. Typically two-thirds of all the rain that falls on potentially
impervious surfaces in urban catchments is falling on pavements (Ferguson, 2005), which are responsible for
the generation of excess runoff that is often contaminated with heavy metals and hydrocarbons (Fletcher et
al., 2005; Hatt et al., 2009). Impervious surfaces also inhibit groundwater recharge and this can result in local
water shortages and other water balance problems. Pavements are very much at the forefront of the planning
process for developers and local authorities because impervious surfaces can have such a major impact on
downstream flooding, receiving water quality and on the health of natural ecosystems.
Street trees are often incorporated into urban developments because of the many environmental, economic
and social benefits that they can provide. However, changes in the urban environment, particularly due to
increasing impervious surface areas can place increasing stresses on urban forests and ecosystems (Martin et
al., 2012). The central function of urban street trees has changed considerably over the last two to three
decades. Their primary function has changed from a purely aesthetic role of beautification and ornamentation
to a role providing significant environmental, economic or social benefits (Seamans, 2013).
Street trees have an important role in providing healthy urban communities and they can produce significant
social impacts by improving human health, reducing crime, increasing community interaction and boosting
property values (Burden, 2006). They also provide benefits such as energy conservation, stormwater reduction
and increased air quality (Mullaney et al., 2014). Although street trees can provide multiple environmental,
social and economic benefits, they can also cause disruptive and costly damage to pavement and other civil
infrastructure.
This paper discusses the benefits of street trees and the challenges of growing trees in urban environments. It
also describes a current field investigation into street tree irrigation using harvested road runoff. The paper
should provide a practical resource for use by urban landscape designers, engineers, and council parks and
gardens staff.
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Benefits of Street Trees
Street trees improve the liveability of towns and cities in a number of ways including reducing stormwater
runoff, increasing air quality, storing carbon, providing shade, and reducing urban heat-island effects. They can
also enhance biodiversity by providing food, habitat and landscape connectivity for urban fauna (Burden 2006;
Rhodes et al., 2011).
Research has shown that most urban residents have a positive view of street trees, and they believe that the
benefits that street trees provide clearly outweigh any detriments (Sommer et al., 1989; Schroeder et al.,
2006). Despite identifying potential problems such as falling branches, leaf litter, tree debris and infrastructure
damage residents’ attitudes to street trees remain positive. The aesthetic and practical attributes of street
trees such as beautification, shade provision, increased property values, added privacy and noise reduction are
rated highly by most city residents (Summit & McPherson, 1998; Flannigan, 2005; Zhang et al., 2007; Moskell
& Broussard Allred, 2013).

Social Benefits
Green space within a city’s boundaries can improve the urban environment by providing recreational
opportunities and promoting contact between community residents. This encourages physical activity, reduces
stress and stimulates social cohesion (Van Dillen et al., 2012). The presence of street trees have also been
linked to reduced crime and increased public safety trees (Kuo & Sullivan, 2001; Tarran, 2009). For example,
urban areas with higher levels of vegetation can have approximately 50% lower crime levels than areas with
low levels of vegetation (Kuo & Sullivan, 2001). Street trees also act as a visual and physical barrier between
motorists and pedestrians. Trees can help motorists assess their vehicular speed and provide a physical
defence for pedestrians against vehicle injury (Tarran, 2009).

Stormwater Benefits
Increases in impervious surface areas due to urbanisation, can reduce water infiltration into the soil as well as
increase stormwater runoff volumes and peak flow rates. Planting street trees in urban environments can
significantly improve the overall water balance within a catchment. For example, depending on the site
characteristics and the tree species, street trees have been shown to intercept large volumes of rainwater
(McPherson et al., 2005; Bonifaci, 2010; Soares et al., 2011) and this can significantly reduce stormwater
runoff volumes.
Street trees can also increase soil infiltration as leaves and branches intercept, absorb and temporarily store
water before it evaporates from tree surfaces or gradually infiltrates into the soil. Increased soil infiltration
due to interception by street trees also reduces stormwater runoff. Lower stormwater runoff volumes also
directly reduce downstream pollution levels and minimise the need for stormwater treatment systems, which
are often expensive and difficult to install.
Estimated annual reductions in stormwater runoff volumes range from 3.2 kL to 11.3 kL per tree, and the
annual values assigned to stormwater reduction vary from A$3.4 to A$58 per tree (Figure 1). Five of the
studies place the value assigned to stormwater reduction below A$8.50 per tree per year. However, three of
the studies valued the trees at between $18 and $58 per tree. The reasons for these much higher values were
not clear but may be due to differences in how the values were assigned. Either way, all of the studies
reviewed in Figure 1 demonstrate that street trees can provide a significant reduction in stormwater
management costs.
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Figure 1 – Estimated Reduction in Stormwater Management Costs due to Street Trees (A$/tree)

Air Pollution Benefits
Traffic emissions and other fine particulate air pollution can cause serious health effects, including premature
mortality, pulmonary inflammation, accelerated atherosclerosis, and altered cardiac functions. However,
street trees can be particularly effective at capturing airborne pollutants in urban areas (Tallis et al., 2011).
Some of the pollutants removed by street trees include ozone, nitrogen oxides, sulphur oxides, sulphur
dioxides, carbon monoxide, carbon dioxide (CO2). It has been estimated that large healthy trees can remove
between 60 and 70 times more air pollution than smaller trees (McPherson et al., 1994). Street trees are an
effective tool in reducing air pollution and creating healthier urban environments (Nowak et al., 2013).
Reduction in energy use due to street trees also leads to reduced emissions of CO2, nitrogen dioxide, very fine
particulate matter and volatile organic compounds.
The economic benefits from removing air pollution range from $0.34 to $42/tree/year (Figure 2). The large
variation in the results is possibly due to different locations, tree sizes and tree species.
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Figure 2 – Estimated Air Pollution Saving due to Street Trees (A$/tree)

Carbon Benefits
The “greenhouse effect” is caused by CO2 and other gases trapping heat generated from the earth in the
atmosphere and prohibiting the heat from being released into space. Urban forests and street trees can help
to improve our air quality by removing (sequestering) CO2 from the atmosphere during photosynthesis (Ferrini
& Fini, 2010). This process produces carbohydrates required for tree growth and returns oxygen back into the
atmosphere as a by-product. Roughly half of the greenhouse effect is caused by CO2. Therefore, trees act as
carbon sinks, alleviating the greenhouse effect.
To put this into context, Moore (2009) estimated that the inner-city tree population of Melbourne, Australia
(~100,000 trees) had sequestered more than one million tonnes of carbon since they were planted. The
economic benefit of CO2 reduction by street trees is less than that of other benefits. However, the values of
street tree carbon sequestration still range between $0.4 and $6 per tree/per year (Figure 3).
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Figure 3 - Estimated Annual Carbon Sequestration Value of Street Trees (A$/tree)

Energy Benefits
Street trees provide energy savings through their shading and cooling effects in summer and the wind-chill
protection they offer in winter. The cooling effect provided by trees is directly related to tree size, canopy
cover, tree location, and planting density. As much as 80% of the cooling effect of trees results directly from
shading (Shashua-Bar & Hoffman, 2009). Street trees can reduce daytime temperatures by between 5°C and
20°C, making everyday activities more pleasurable and healthier (Killicoat et al., 2002; Burden, 2006).
Energy cost reductions due to street trees have been estimated at between $2.6 and $77 per tree/per year
(Figure 4). The reasons for the particularly high value of $77.44 by Killicoat et al. (2002) were not clear but may
be due to the very-different energy use assumptions and assigned cost values used in the study. Average
savings in electricity due to street trees have been estimated at 95 kWh/tree/year, equating to an annual
saving of US$15/tree/year (McPherson et al., 2005). A later study calculated a power saving of 30
kWh/tree/year (Moore, 2009).
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Annual Energy Saving Value (A$/tree)
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Figure 4 - Estimated Annual Energy Saving due to Street Trees (A$/tree)

Benefit Rankings
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The ranked estimated annual street tree benefits are in shown in Figure 5.
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Figure 5 - Estimated Annual Street Tree Benefit Value (A$/tree)
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Overall Economic Benefits
Functional benefits of trees such as the removal of air pollution by leaves, and the reduction of stormwater
flows through root and leaf uptake, increase as tree canopy cover increases. Therefore, the economic benefits
of street trees often correlate with physical tree variables such as trunk diameter and leaf surface area
(Killicoat et al., 2002; McPherson et al., 2002; Bonifaci et al., 2010). Figure 6 shows the influence that street
tree size has on the general economic benefits of the tree.
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Figure 6 – Relationship between Tree Size and General Economic Benefit

Street trees can also provide other, less expected benefits, For example, treescaping has been shown to
increase business income by 20% (Burden, 2006). While this may seem surprising, consumers have been
shown to willingly pay more for the same item in a retail development that includes street trees compared
with the same item in non-treescaped retail outlets (Wolf, 2005). This amenity value has also been observed
for house prices in Perth, Australia, which were shown to be an average of 20–30% higher when there was
tree cover on the public space next to, or near, the property (Pandit et al., 2012). Although there are a variety
of different ways to assign value to trees, urban street trees clearly generate significant economic benefits for
communities and local governments, regardless of the reporting format. Taking estimated values from a range
of studies, the annual net benefit per tree seems to lie between $45 and $242 (Figure 7).
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Figure 7 – Estimated Total Annual Benefit of Street Trees (A$/tree)

Challenges of Growing Trees in Urban Environments
Despite the advantages mentioned above, ensuring the survival of street trees is often challenging, and urban
designers need to consider critical issues in their landscape design including site conditions, space availability,
and maintenance requirements. The healthy growth of trees can be disrupted by a broad range of biotic
(living) and abiotic (non-living) factors, and indeed more than one factor can affect the health of a tree at any
time. Biotic factors that can adversely affect tree growth include (Boa, 2003):
•

Fungi

•

Bacteria

•

Viruses

•

Phytoplasmas

Insects
•

Mites

•

Parasitic plants

•
•

Weeds
Larger animals, such as deer and other mammals.
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Abiotic factors that can adversely affect tree growth include (Boa, 2003):
•

Soil and water chemistry

•

Mechanical agents, including poor pruning, construction equipment and malicious human damage

•

Soil conditions, including soil type, volume and porosity

•

Water availability

•

Fire damage

•

Weather conditions, including heat and frost

Tree growth is influenced by abiotic factors including air quality, irradiance, soil chemistry, soil moisture, soil
volume and soil porosity (Iakovoglou et al., 2001; Morgenroth et al., 2013). A change in availability of these
abiotic factors in the urban environment can result in costly damage to infrastructure as tree roots proliferate
in otherwise-undesirable areas that provide sufficient water, nutrients and oxygen for tree survival and
growth. The use of pervious surfaces to improve the health of urban street trees has been the focus of recent
research (Volder et al., 2009; Morgenroth & Visser, 2011; Mullaney et al., 2012). Our research has also
investigated whether permeable pavements, which allow water and oxygen to infiltrate through the pavement
surface and into the soil, extend the life of street trees (Mullaney & Lucke, 2014).
Some studies have investigated whether permeable pavements minimise damage to pavements and other
urban infrastructure (Mullaney & Lucke, 2014). The underlying hypothesis of these studies is that the integral
drainage layers required underneath permeable pavements may effectively create a root barrier beneath the
pavement surface, forcing roots to grow at greater depths. These layers can potentially also increase the
pavement's water storage capacity, promoting tree health directly while minimising pavement damage.

Case Study
A research project is currently underway at the University of South Australia investigating street tree irrigation
using harvested road runoff. The study involves the use of “TREENET Inlets” (kerb side tree inlets), which are a
relatively new technology introduced by TREENET Inc. The inlets are currently adopted by a number of councils
in South Australia and interstate. The inlets form the system by which road runoff can be readily harvested for
street tree irrigation. Various back end distribution systems have also been introduced by council engineers
and landscape designers. These systems with inlets aim to harvest road runoff with very low maintenance. This
is because there is a perception in the industry that maintenance costs are high for stormwater harvesting
schemes.
The experimental site is located in the City of Mitcham, Kingswood. In total 28 inlets and distribution systems
were installed between July and November 2014. The three key components of this study are: 1. water quality;
2. infiltration (water quantity); and 3. life cycle assessment of the systems with different backfill media. The
inlet and distribution system design is based on a “leaky well” which has been tested at several sites in the City
of Mitcham. It is a very simple design to harvest the first flush of stormwater, which has a higher nutrient
content. There are four different media types located in the distribution component of the leaky well system.
The different substrate types were randomly distributed at the different locations. The four types of media
include 14 mm dolomite gravel (G), water treatment solids (W) from Happy Valley Reservoir, sandy loam soil
(S) and control media (C) units which were backfilled with native soil.
The systems were constructed by contractors to the council. Twenty-one distribution systems, each 440 mm in
diameter and 1 m deep were dug using a hydrovac system. The remaining seven control systems were
backfilled with native soil backfill. The leaky well design is shown in Figure 8.
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Figure 8 - Leaky Well Distribution System

The study will collect inlet and outlet water samples from one of each of the four types of leaky well unit.
Runoff events will be targeted up to and including the 2 year ARI. BOM weather forecasts and rainfall radar
will be monitored for the local area and on this basis the experimental site will be visited before a storm to
collect the inflow and outflow samples. A total of 4 critical storms will be selected after at least 6 days’ dry
period. A tipping bucket pluviometer will be installed to measure the rainfall intensity. Samples will be
collected at 15 minute intervals for a maximum of 2 hours (depending on event duration and presence of
sample). Each inflow and out flow samples will be tested for EC, pH, total nitrogen, total phosphorous, zinc,
copper, lead, cadmium and potassium.
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Figure 9 - Functioning Inlet at City of Mitcham Council
This field study will also provide information on the quantitative performance of the media and leaky well
distribution system. Four leaky well systems (backfilled with each of the four different media) have been
selected to determine the capacity of the systems. Each of the four sites will be tested once every three
months on site. The catchment area and runoff generated by the contributing impervious area will be
calculated using the Model for Urban Stormwater Improvement Conceptualisation (MUSIC). Water will be
poured into the systems and the infiltration rate will be measured over a given time period. The effect of
sediment and organic matter will also be investigated. For this purpose, two additional kerb side inlets will be
selected to test with and without sediment and organic matter settled near the kerb side inlet.
In terms of life cycle cost assessment, the construction and maintenance costs are considered over the lifetime
of the project. Life cycle assessment of the TREENET inlet and leaky well distribution systems will include the
performance of the various media types, the size of the leaky well distribution system, and the size and
number of TREENET inlets. These will be combined to provide a full economic model that can describe the
costs and benefits of street trees.

Conclusion
Street trees and other vegetation in the urban environment all help to secure and provide vibrant ecosystem
services. Local councils and communities recognise the importance of street trees in the urban environment
but these trees often suffer from inadequate water supplies in times of drought. The concept of WSUD, and in
particular stormwater harvesting and reuse, can be used to develop sustainable solutions to the significant
challenges that trees face in an urban environment. However, there are many barriers to adoption and
implementation of this concept including funding for implementation, policies and regulations, political
support and most importantly lack of institutional support and research. This research study will provide the
baseline information on the performance of road-based stormwater harvesting systems.
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A GEOTECHNICAL ENGINEER’S APPROACH TOWARDS TREES.
D A Cameron
School of Natural & Built Environments, University Of South Australia, Mawson Lakes, SA

Abstract
In the geotechnical engineer’s mind, complex natural systems like trees and their interaction with the soil and
the atmosphere need to be simplified into more manageable concepts. To a lesser degree, the same could be
said of agronomists and foresters. Simple engineering rules and guidelines have been developed based on
investigations of damaged houses and other buildings, and the experience gained from implementation of
these guidelines. The intent of the geotechnical engineer and footing designer is to reduce the risk of damage
to property to an acceptable level. However our understanding of trees in the urban environment is quite
poor; for example, there is still little evidence to differentiate between species, and not much to go on
regarding the influence of soil types and different regional weather patterns. Further development of
engineering guidelines can only follow with increased research effort and improved models for prediction of
soil moisture re-distribution near trees.
In this paper, the author presents his limited experience with trees and buildings and other infrastructure,
which extends over more than 35 years. This 35 year period has included a number of significant research
projects; lessons learned so far in these projects are discussed.

Introduction to trees and buildings at CSIRO
The author’s first job was as an experimental officer with CSIRO Division of Building Research in Melbourne in
the 70’s and 80’s. Working under Dr Paul Walsh, he was charged largely with geotechnical investigations into
the performance of house footing systems. CSIRO gave assistance to homeowners, mainly in the Eastern
suburbs of Melbourne, to try to understand why cracks had appeared in their houses. It became apparent that
trees were desiccating soil, causing shrinkage settlements; older houses with significantly sized trees, were
often left too close to buildings. It was seen that a proximity rule could be simply applied relating safe
distance, D, between tree and building to the height of the tree, H. A proximity ratio of D/H less than or equal
to 0.5 seemed to be when troubles were likely (Cameron and Walsh 1981).

Proximity ratios
Safe proximity ratios had been expounded much earlier by Ward (1953) in the UK (D/H > 1 for trees with high
water uptake), and Wesseldine in New Zealand (1982). The latter researcher published the findings of 28 cases
of building damage in the Auckland area, associated with the silver dollar gum tree (E. cinerea). For single
trees, D/H > 0.75 appeared to work. For groups of trees D/Hsafe increased by 50 to 100%, presumably due to
competition between root systems increasing the lateral spread and depth of roots.
Cutler and Richardson (1981) conducted the Kew Gardens Survey into distance of separation of different tree
species and the incidence of damage, following a drought in the UK (October 1975 to August 1976), which had
sparked numerous insurance claims for building damage due to subsidence. More than 2,000 incidences of
building damage were reviewed. However the extent or severity of damage was not included in the study. It
may be assumed that given the style of construction common in the UK, that the buildings were more
susceptible to damage than the majority of housing in Australia. Furthermore, the lack of tolerance of even
minor cracks in buildings in the UK at the time may mean that the level of damage suffered by some buildings
would have been ignored in Australia as simply aesthetic and easily repairable. Driscoll (1984) reviewed the
data from the Kew Gardens Survey and concluded that approximately 75% of damage cases could have been
avoided if a safe proximity ratio of 0.5 had been applied. Freeman et al. (1994) suggested safe proximity ratios
of 0.5 for ‘less thirsty trees’ and 1.0 for thirsty trees. Based on the Kew gardens survey, thirsty trees included
Oak, Poplar, Willow, Cherry/Plum and White Beam/Rowan.
Similar information to that provided by Kew Gardens on species implicated in damage was not available in
Australia. However, a study by the Engineering and Water Supply (SA) on tree root intrusion into service pipes
was used as an indirect indicator of species vigour in seeking out water. In this Engineering and Water Supply
study (Baker 1978), tree roots in pipes were examined and identified leading to a hit list of species involved in
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clogging pipes. A CSIRO pamphlet entitled “Trees and Foundations” was released (Cameron 1980 & 1985)
which listed trees to avoid based on Baker’s study.
In 1982, the author teamed up with arborist Ivan Earl in Melbourne to provide advice to homeowners on
managing sites with trees (Cameron and Earl, 1982). Ivan provided a list of trees that were found to be a
problem in Melbourne. The document suggested that the level of management on treed sites should be
commensurate with the level of risk and could include tree maintenance (pruning foliage/roots), cut-off walls,
or alternative footing designs. In line with the title, “Trees and Houses: A Question of Function”, it was implied
that homeowners could choose to put up with the some cracking if they loved well-vegetated allotments and
were not overly concerned about cracks in walls.
Proximity ratios were again expounded by Cameron and Earl (1982), being 0.5, 0.75 and 1.0 for low, moderate
and high risk sites, respectively. Similar proximity ratios were adopted in AS 2870 1986 (and subsequent
editions) in the Standard’s guidelines to homeowners for minimising risk of damage from single trees. For
groups or rows of trees, the ratios were increased by 50%.
An unfortunate outcome of the promulgation of proximity ratios was that it made it an easy option for forensic
engineers and building inspectors to blame nearby trees, without a more thorough investigation. Given that
many homeowners could not afford more than a few hundred dollars for investigation of building damage, this
should not have been unexpected. Proximity ratios are at best rules of thumb which, as stated by Freeman et
al. (1994), cannot account for “the shrinkage potential of the soil or the depth of the foundation. They went
on to say that “it is the leaf area of the tree rather than its height that ultimately determines its moisture
demand”.

Investigating damaged buildings
A level survey of the floor of a damaged building, or at floor level on external walls, can be quite telling as seen
in the example in Figure 1. An arbitrary datum point was chosen at the corner of the building, close to the row
of she-oaks, which was the lowest point on the floor.

Figure 1. Contours of relative differences in level across a concrete floor at the time of inspection. Difference
in level of 48 mm. The floor appeared to have settled adjacent to vegetation.
Level surveys can be quite useful also in monitoring recovery of building movement as indirect remedial
actions take effect, such as tree removal, thinning of groups, deep root barriers, pruning and soaking the
ground (Cameron and Walsh 1981). An example was given by Cameron (1983, Case 1) for a single storey,
timber floored house in Melbourne; a row of trees were aligned with one wall, just within the boundary of the
allotment. The trees were within proximity ratios of 0.2 to 0.9. Relative to the opposite side of the house, the
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wall next to the trees was a maximum of 50 mm lower as determined by a level survey taken in February.
Cracks in the masonry veneer wall were up to 5 mm wide and the serviceability of windows had been affected.
The owner decided to remove all the trees and soak the ground with gravel filled boreholes. Shortly after tree
removal, the settlement of the wall had recovered by about 45%.
Although level surveys of floors are quite cost effective and informative, further information is required for a
more thorough forensic investigation on clay sites. It is important to establish the soil profile, soil reactivity of
soil deposits and a study of soil suction variations with depth (suction profiles) and across the site. It is not
always possible to do all that is needed, unless there is a need for resolution of a potentially costly dispute
between the client and another party.

An introduction to tree physiology
Before leaving CSIRO in Melbourne for Adelaide, the author became involved with a project with Melbourne
City Council on trees in the urban environment, as did Greg Moore from Burnley Horticultural College. Roger
Sands from Melbourne University was also involved and he and his research candidate undertook some
fascinating, but time consuming experiments on trees in Melbourne’s parklands (Misra and Sands, 1992). The
instrumentation was the author’s first introduction into how sap flow might be measured by heating a
horizontal probe inserted into a tree trunk and examining how heat dissipated with time. Many years later, the
equipment has become more robust and attractive to researchers, and sap flux equipment has been used by
the author since 2006.

Trees, buildings and other infrastructure, UniSA
Having joined the South Australian Institute of Technology in 1988 (which later became UniSA), the author
soon learned that time for research projects was much more limited than at CSIRO. Nonetheless, with time,
some major projects did eventuate. In the early years, some case studies of trees and damaged buildings were
undertaken in Adelaide. The basic tools for forensic investigation of buildings were level surveys of floors,
establishing the soil profile and development of soil suction variations with depth (suction profiles) and across
the site.

Where are tree roots able to extract water from?
Differences in soil suction profiles near trees and away from trees provided valuable information into possible
drying zones and the active root zone, or where water was being taken from. It came to light (Cameron 2001,
Jaksa et al., 2002) that trees were unable to compete with the soil during dry seasons in Adelaide, at least in
the top metre or two of the soil profile. If trees were to survive, they would need to extract water deeper from
within the soil or find other sources of water. The concept of wilting point suction needs to be recalled; roots
can only impose a certain minimum negative water potential (or maximum suction) to draw moisture from the
soil. This suction may be termed the wilting point suction for the plant, which may have a value around 2 to 3
MPa. Near surface soils will be at higher levels of suction during summer and autumn, and so the soil will not
release water to the plant. The value of wilting point suction is dependent on species.
Wilting point suction, uwp, was inferred by Cameron (2001) from soil suction profiles taken near trees.
Examples are given in Figure 2 from four sites in Adelaide near groups of trees, largely near eucalypts.
Although the suction profiles were determined at various times of the year, each suction profile became
relatively uniform (almost constant suction) below a depth of 2 m or so. The value of wilting point suction was
taken as the constant suction value, and it varied as indicated between 1.9 and 3.3 MPa for these four
examples. Another feature of Figure 2 is the depth to which the suction was maintained. Just two of the
suction profiles, IF(1) and KZ, were deep enough to show that soil suction appeared to be decreasing towards
the expected value at depth, which is termed the deep equilibrium suction. The deep equilibrium suction is
usually around 4 pF, or 1 MPa for sites in Adelaide. The depth at which the wilting point suction decreased was
close to 6 m. For lone (single) trees, the depth of drying appeared to be closer to 4 m. These depths may
surprise some people; however depths of drying in wetter climates have been reported in the UK to at least 4
m (Crilly et al 1992), and to 3 m in France (Mathon and Godefroy, 2015). Both these examples were for dense
tree plantings and the depths were limited to the depths of each investigation. Parry (1992) observed
significant desiccation to a depth of 6 m depth near poplars in London clay.
More locally, Fatahi (2007) studied root distributions in two trenches excavated to a depth of 3.5 m, radiating
out from a 13 m high blackbox (Eucalyptus largiflorens).
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The tree was close to the Melbourne -Adelaide railway line near the town of Miram in the Mallee. Suction
determinations by Fatahi suggested a depth of influence of at least 3 m and a lateral extent of 17 m, although
active root density (roots 0.4 to 1.0 mm in diameter) was highest in the top 1.5 m and at a distance from the
trunk of 7 to 9 m. Photographs of the excavation are provided in Figure 3.
These observations from investigations of damaged buildings (Cameron 2001) gave rise to an idealized tree
influence zone for trees within a soil profile, which is illustrated in Figure 3. The red and blue triangular zones
represent possible design suction changes in the absence of any trees. The depth of the tree influence zone is
dependent on whether it is a single tree or a group of trees. The suction changes indicated in Figure 2 can be
used by a geotechnical engineer to calculate potential ground movement for very close trees and then prepare
footing designs, which will safeguard the building against serious damage.
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Figure 2. Observed suction profiles near groups or rows of trees for four sites in Adelaide. The dashed lines
indicate inferred values of wilting point suction, ranging between 1.9 and 3.3 MPa (4.3 and 4.53 pF).
Generally the data points are shown without connecting lines except in the top 1.5 to 2 m.

Development of guidelines regarding trees and buildings
The stance taken by the Standard AS2870 for residential buildings (Standards Association of Australia 1986) in
the late eighties limited planting of trees on allotments for those who chose to have footings designed
according to the Standard. In the mid-1990s, the house building industry in South Australia felt pressure from
the community to provide footing designs, which could accommodate the extra movement due to trees. The
Footings Group of South Australia responded by developing empirical guidelines to estimate additional design
suction changes for a tree or trees on clay sites of different levels of reactivity in order to evaluate extra
ground settlement (Footings Group 1996). Application of the guidelines required warnings to the client about
the limited knowledge of trees held by geotechnical engineers. The rules were simple and tended to
exaggerate how trees took moisture from the soil, especially for groups of trees. Nevertheless these rules
proved to be effective over the 15 years since they had been introduced and so the Australian Standard
(Standards Australia 2011) adopted a modified version of the Footings Group rules for South Australia, which
considered the idealized tree influence zone and practical limitations of its implementation.
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Figure 3. Photographs of trench excavation near Miram, Victoria, for Fatahi’s study (2007) of root
distribution
DESIGN CHANGE IN SOIL SUCTION
Dry Side

Wilting point suction

Trees unable to rely on
moisture from this zone
Deep equilibrium suction

DEPTH BELOW GROUND LEVEL

Wet Side

Tree influence zone – the
source of extra settlement

Figure 4. Idealized design suction change profiles for estimation of ground movement, with and without
trees. Movement with trees is for trees close to the building (D/H ≤ 0.5).
Nigel Beal of Hughes, Beal and Wright presented case studies of building damage from South-East Queensland
and with the author argued for a reduction of the extent of the tree influence zone for less severe climates
(Cameron and Beal 2011). The influence of prevailing climate was adopted by AS2870 in guidelines published
in the last edition of AS2870 (Standards Australia 2011). For instance, while the depth of suction change in
Adelaide may be 4 m for a single tree, it may range between 2.5 and 2.7 m in the eastern suburbs of
Melbourne and increase to 3 m to the west of Melbourne.
The design suction change profiles in AS2870 are for estimation of the maximum drying settlement when the
tree or trees are close (D/H ≤ 0.5). Reductions of movement can be made on the basis of relative separation
distance, if the designer is satisfied that the eventual height of the tree/s can be predicted reasonably well.
Who should take the responsibility of assigning tree heights is a vexed question.
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Again with these guidelines for accommodating trees in suburban Australia, the influence of tree species has
been ignored owing to the paucity of published data. Neither leaf area nor canopy volume plays any part in the
current scheme. So there is much scope for research, which could improve the guidelines.

Research concerning trees
At UniSA, research funded by the City of Salisbury commenced into established street trees in 2000-2001
(Cameron and O’Malley 2002). Leaf water potentials were measured regularly and soil moisture levels were
checked using a neutron moisture depth probe lowered down deep access boreholes between street trees,
under the pavement and away from the trees. Five species of trees were monitored. Soil suction profiles were
determined usually when access tubes were constructed for neutron moisture meter access. Examples of soil
suction profiles between rows of street trees are shown in Figure 5. Again it can be seen that the suction
profiles below approximately 2.5 m were fairly uniform and contrasted with suction profiles taken either away
from the trees or below the road. Inferred wilting point suctions for the three examples were 0.9 MPa for the
smooth barked apple trees, 1.9 MPa for the nettle trees and 2.2 MPa for the South Australian blue gums.
Wilting point suctions for red ironbark trees and jacarandas were 1.7 and 1.4 MPa, respectively. The range for
the five species in the study was 3.95 to 4.35 pF units.
Leaf water potentials were taken in the early afternoon each month on four of the species and were not seen
to vary much between species. In hindsight, daily variations of leaf water potential would have been
preferable to assess the maximum daily value. The values of leaf suction taken from the four target trees
varied little over the course of the year, ranging between 4.2 pF and 4.35 pF (1.5 and 2.2 MPa), which was
similar generally to the variation of inferred wilting point suctions, except for the smooth barked apple tree.
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Figure 5. Suction profiles between rows of established street trees in the City of Salisbury (2000/2001)

The research into established street trees led to a wider research project concentrating on more highly
expansive clay sites within the recently developing new suburb of Walkley Heights. This time however the
street trees were just being established and were mainly exotic species which were favoured by the residents
and the developer. The age of the trees was considered to not be as important as it was conjectured from the
previous project that leaf suctions might be useful in predicting future developments of soil suctions.
Moreover, early ground movements could be monitored before the trees had much impact and so movements
attributable to the trees could be discerned more readily during future monitoring.
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This research effort continued between 2001 and 2006 through funding from the City of Salisbury and the
Local Government Association (Cameron and O’Malley 2002, O’Malley and Cameron 2005). Aaron O’Malley
undertook the research project under the supervision of the author. The strategy from the previous research
project continued, with leaf water potentials complemented by xylem pressure measurements (Scholander
pressure bomb) on the young street trees. Xylem pressure measurements were seen to have advantages over
leaf water potentials as xylem pressures can be determined on leafless trees, and the two instruments
produced similar readings, as seen in Figure 6. In this Figure, data are presented for an ornamental pear and
for a coral gum. The xylem pressures varied greatly between 0.5 and 2.35 MPa for the ornamental pear, and
the leaf suctions tracked the xylem pressures quite well when the tree was in leaf. The xylem pressures
recorded for the evergreen coral gum showed less seasonal variation and values were consistently higher than
the leaf suctions.
The Walkley Heights research project did not come to any significant conclusion since in the early years the
verges were overwatered and the trees struggled to take hold in the clay soils. There was little if any evidence
of any drying settlement due to the trees. One thing that became apparent was that often the soil suction that
was measured was predominantly solute suction, as confirmed by electrical conductivity testing in the
laboratory.
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Figure 6. Leaf water potentials and xylem pressure variations with time (O’Malley, unpublished data). Leaf
suctions are shown as unconnected data points, xylem pressures as connected points.
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The experimental sites were not well maintained as further research funds were needed to re-vitalize the
study; some trees and sites were lost. Final year civil engineering projects in 2010 and 2011 helped revive the
sites, add two new sites and construct some soil suction profiles. Then in July 2012, an ARC Linkage grant was
awarded to the University of Wollongong and UniSA for research into trees. The research project which is led
by Professor Buddhima Indraratna of the University of Wollongong, is entitled, “The role of vegetation and
associated root suction and reinforcement on the stabilisation of transport corridors and sloping ground”.
Essentially, the ARC project provided a full-time PhD candidate, Stacey Vorwerk, who commenced in August
2013, upgrading of the sites and some instrumentation. Since late 2014, new sap flow equipment has enabled
almost continuous monitoring of four street trees of different species (golden raintree, ornamental pear,
prickly paperbark and Queensland box). The industry partner for the UniSA effort is the City of Salisbury whose
officers have helped set up and protect installations within the suburb.
The chief objective of the current research effort is to establish the water demand of the trees and the
potential impact on the underlying soil. A primary aim is to verify simple soil-plant-atmosphere models, which
may then be implemented in other situations for different tree species with some confidence. Accordingly,
tree physiology plays an important role in the monitoring of sites. Leaf conductance, xylem pressure and leaf
area index are being recorded.
Some early results from this current project are provided in Cameron et al. (2015). Monitoring over the
coming growing season should produce some insightful observations and further publications.
Another interesting research project arose from contact with the rail industry, which needed a solution for
soft, wet subgrades and fouled ballast on sections of the Adelaide to Melbourne line. Maintenance crews
observed that rail kept its shape on the plains along vegetated sections, but sections of line without significant
vegetation had excess water and continually required maintenance. So from 2003 to 2008, the author was
Project Leader of Rail CRC Project 86 in Theme 2, entitled, “The feasibility of improving rail infrastructure by
using native vegetation on clay soils”. Other partners in this project were the University of Wollongong,
Australian Rail and Track Corporation (ARTC) and Queensland Rail. Wayne Potter of ARTC completed a Masters
of Engineering by Research for his contribution to the project (Potter 2005), which consisted mainly of field
trials to verify the observations of maintenance crews at Miram, Horsham and Wal Wal in Victoria and in
Emerald in Queensland. Soil suction profiles were established across and under the track in vegetated and
non-vegetated sites, and it was soon established that deep drying from trees in the rail corridor had improved
the stiffness and strength of underlying soils greatly (Cameron and Potter 2008). It was also seen that soil
salinity affected soil suctions, especially at the Emerald site (Cameron and Potter 2014).
Examples of suction profiles from the Miram site are provided in Figure 7. At Miram, a row of blackbox trees,
approximately 7 m high, were aligned in the rail corridor, just 3 m from the edge of the ballast (refer
photograph in Figure 8, right hand side). The Figure confirms earlier observations about deep drying near
trees; the deep equilibrium suction had not been reached at the treed site at the depth of the investigation
(4.5 m). In contrast at the non-treed site, suction profiles were close to the deep equilibrium suction at depths
of 3 m and greater. More importantly for the long-term performance of the rail, the top metre or so of soil
had been kept dry (saturated at the corresponding non-treed site). Accordingly, the stiffness of the drier
shallow soil was 3.5 to 15 times greater than the soil at the non-vegetated site.
At the Miram site, sap flux equipment developed by Steve Green of Transflo NZ was used to measure
transpiration of the blackbox trees (Cameron and Mills 2006). Photographs of the site and instrumentation are
presented in Figure 9. A comparison was made between the reference evapotranspiration for grass, ETo,
determined using data from an on-site weather station, and transpiration of two trunks of a tree as measured
by the sap flux equipment; the plots are provided in Figure 10. The data are cumulative and indicate that in the
fairly non-interrupted period between mid-winter and the start of summer, transpiration kept pace with ETo
until it accelerated in mid-summer. In addition, almost 4kL of water had been transpired, during which time,
cumulative ETo exceeded 600 mm. The ratio of transpiration to ETo produces an apparent area of transpiring
canopy of six and a half square metres.
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Figure 8. Soil suction profiles from the Miram site, 2 m either side of the track (ballast toe) and under the
centre of the track (broken red line). The plot on the left side shows suction profiles near a row of blackbox
trees, 7 m high. The plot on the right shows suction profiles at the same time at a nearby site without trees.
The deep equilibrium suction was determined to be 4.0 pF, the average of 20 suction determinations at 4
and 4.5 m depths at the non-vegetated site over two sampling times. This value is depicted as a black
broken line.

Figure 9. The Miram site and blackbox trees with sap flux instrumentation

As indicated by Cameron and Mills (2010), the sap flux equipment is not fool proof. The sensors and heater
have to be accurately placed in the correct size drill holes. Cables need to be protected against heat spikes,
and the properties of the tree need careful appraisal. Wood density and sap flux area are needed, as well as
the width of the wound developed about the heater over time. Sapwood is not necessarily circular; it can be
elliptical or quite irregular and so coring may not be adequate for assessing sapwood area. So although
transpiration plots may look convincing, there will always be some concern over accuracy.
Within this Rail CRC project, a significant PhD was produced (Fatahi 2007), based partly on work at the Miram
site, which provided a model to predict the drying impact of a tree and benefits of soil suction (Fatahi et al.
2008). A number of simplifying assumptions and parameters were required to make the prediction. For
example, the root zone was simplified to a cone. The model is being further developed by researchers at the
University of Wollongong to include the impact of solute suction in soils.
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Figure 10. Accumulation of reference evapotranspiration and transpiration of a blackbox tree with time. The
broken sections indicate lost data from one of the probes or the weather station, due to a solar panel
malfunction or to heat spikes in hot weather.
The last research project in this discussion concerning trees involves Tim Johnson, who is well known to
members of Treenet. The perplexing problem of tree root intrusion into pavements is not of direct interest to
a geotechnical engineer, although it is a widespread problem that needs botanical and engineering experience
to understand and provide solutions to. Tim’s PhD supervisors are the author and Greg Moore from
Melbourne University. The project commenced in 2008 and has been supported by the City of Mitcham and
Adelaide and Mount Lofty Ranges Natural Resources Management. In the context of the current paper,
measurements have been taken of tree physiology and soil moisture using all the equipment available for the
Walkley Heights project, except the sap flow sensors (Johnson et al. 2011). However, Tim has investigated
oxygen levels within the soil profile and mapped exposed roots below the footpath, which is the subject of his
paper in these proceedings. Ground penetrating radar has also been trialled, on the silty clays and clayey silts
of his experimental site.

SUMMARY
The author’s involvement with trees has arisen from the geotechnical engineering perspective of trying to
resolve the problem of shrinkage settlements and damage to buildings. A multi-disciplinary approach has been
required to progress research in this area and considerably more time and effort is required. In time, the water
uptake of trees may be able to be predicted with reasonable certainty.
There have been many lessons learned over the years and many more still to uncover. Some of the lessons are
as follows:
•
•
•
•
•
•
•
•
•
•
•
•

Most trees are capable of causing drying settlement
The literature suggests root systems can be quite extensive given the right circumstances
Trees with a good water supply (replenished water storage in the soil) should not cause problems
Trees need oxygen in the soil for their root systems – reactive soils can have cracks and fissures which
can provide oxygen
The depth of drying is deeper than the root zone ascribed by arborists usually
Trees in competition can extend roots deeper and wider
Trees can die if their root systems are not sufficiently vigorous
The wilting point suction concept is useful in explaining suction changes within a soil profile
Proximity ratios are primitive; as suggested by others, canopy form may be more important
Raft slabs for houses can be stiffened at some cost to the community to accommodate the potential
for tree drying – in some cases, deep piling may be more suitable
We don’t know very much about trees in urban environments – much more research is needed
Trees and nature don’t abide by rules in Australian Standards
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Meeting the challenge of managing tree roots & infrastructure
Rob Bodenstaff
Principal, Arbor Centre

Abstract
The successful retention of city trees is being pressured by infill development; and a reduction of the space
provided for new trees to grow successfully. At the same time, Utilities and City managers are seeking
solutions that reduce the historic costs of ongoing repairs and maintenance; and that also address the
hazards/risks that damaged roads and hardstands create for the people that use them.
In seeking solutions, the majority of the decision making information on hand is a trail of damages caused by
tree roots (quantified by the cyclic costs of ongoing repairs), and the promises of newly engineered structures
such as structural soils and structural cells that can convert the space beneath hardstands, parking bays, roads
and crossovers, into rootable soil spaces or stormwater water harvesting zone.
However, without a better understanding of the capacities of roots to enter and grow within and beyond these
newly engineered spaces; and without an understanding of the tolerances of roots in occupying these and
other spaces, it is difficult for engineers to design rootable soil volumes into these city infrastructure regions
without there being a high risk of repeating the mistakes of the past; that result in infrastructure damage.
Through some 30 years of observing and trialling root behaviour in the coastal sands of Perth’s urban growth,
it is clear that there is enough qualitative data from rudimentary evidence of root growth habits and soil
characteristics, that can better enable decision makers to more purposefully engineer tree roots into the
landscape; rather than ignoring their needs, or excluding tree roots from sharing these urban infrastructure
zones.
The observations and trials discussed have led to some low cost innovations that can be incorporated into
Perth’s current development practices with only minor construction modification and include:i.
Spray-on root barrier (Camilaflex SORB); that can inhibit roots from entering the regions that cause
most of the kerb and road damage;
ii.
Compacted road base trenches at strategic alignments that interlock with surface treatments, and
with the joints sealed have been shown to prevent root ingress;
iii.
The creation of sub-terrain aeration in the preservation of existing trees within developments;
iv.
The construction of root canals to purposefully direct roots to suitable feeding grounds.
These observations are provided as a guide to where further research and trialling is needed to meet the
challenge of better managing tree roots in city precincts.

Introduction
The damage caused to infrastructure by tree roots; is an everyday observation for most tree managers and
tree owners.
The problem does not seem to be going away, despite enormous advancement in our knowledge and
understanding of trees; the elevated appreciation of their importance; the vastly improved ways we manage
and maintain them as an urban asset; and our ever improving knowledge of tree root biology, genetics,
physiology and morphology.
Why not?
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Essentially, the behaviour of mature and maturing roots within Perth’s disturbed urban soils is poorly
understood, and the factors of influence are highly complex. None the less, there appears to be a number of
features within the sub-terrain regions that are having a macro effect on the pattern of tree root behaviour in
Perth’s coastal sands.
Appreciating these macro-patterns of behaviour, along with the micro-level of detail required in the
construction of sub-terrain infrastructure which address potential conflict zones, appears to be providing
solutions that coalesce with engineering needs.
This paper takes a firsthand look at our ‘Perth Experiences’, in discovering where root systems tend to develop
in its urban sands (with some reference to heavier soils); observation and understandings for their purposeful
migration through the various soils; and how we at Arbor Centre have gone about creating solutions across
common scenarios.
Images and explanatory drawings include a brief summary of our observations and case study data relating to
measures that have been applied to:• Mitigate root damage to hardstands, roads and kerbs;
• Better protect below ground services;
• Restricting roots from occupying certain soil spaces;
• Taking advantage of root behaviour, to effectively direct them to places of convenience within the
landscape (other than immediately around the tree);
• And examples of the level of design and engineering detail required for successful outcomes
(includes the utilisation of structural cells and soils).

Common Understanding
The variables and interaction between roots and soils are loaded with highly complex and inter-dependent
systems that can change with circumstance and soil type [Craul 2006]. The objective of this paper is to target
the general morphology of roots and their physical responses to urbanisation in Perth’s coastal sands and
somewhat reframe the way we consider root systems (For a summary of the types of coastal sands, Refer
Appendix 1 for a general description of the predominant sands of the Swan Coastal Plain).
In order to establish a
common baseline from which
to interpret how root growth
and development impacts on
our urban infrastructure, a
model of common root
descriptors
has
been
developed to help visualise
the general behaviour of the
different types of roots; that
together make up the root
system; and how roots go
about
distributing
themselves
within
the
natural and un-natural soil
profiles we find in urban
spaces (refer Figure 1).

The 16th National Street Tree Symposium 2015

47

Descending Type Roots

(Within Structural Root Zone)

Within the zone of rapid taper [Wilson 1964 cited in Day S D, E Wiseman, S B Dickinson and J R Harris 2010
p150], the descending and lateral arterial roots are subject to the loadings associated with the mass of the tree
and the mechanical forces being endured by the above ground parts to provide anchorage [Mattheck
1991cited in Day S D, E Wiseman, S B Dickinson and J R Harris 2010 p150].
In Perth’s undisturbed coastal sands we find the
majority of anchorage type roots that provide tree
stability, generally grow vertically and tend to only
develop within the Structural Root Zone (SRZ) as
described in the tree protection guidelines of AS
4970 – 2009 Protection of trees on development
sites. However, in heavier mediums such as loams
and lateritic soils, smaller but similar descending
roots can develop from lateral arterial roots (Refer
Figure 2).

Figure 2:- Typical Marri (Corymbia calophylla) root system

growing in heavy soil (Forrestfield) showing Anchorage Type
With phreatophytes such as Marri (Corymbia
roots (Vertical Roots, Sinker Roots within the SRZ and smaller
calophylla), Flooded Gum (Eucalyptus rudis) and
versions descending from arterial laterals beyond the SRZ ….
Jarrah (Eucalyptus marginata) that are growing in
Image property of Arbor Centre
natural and undisturbed sand, these vertical
“descending” roots can venture to water bodies that have been recorded to 15 m depths (CSIRO studies by
Jacobs (1955), Kimber (1980), Carbon Etal (1980) and Dell et al (1983) in WA). In Bassendean sands, limestone
and lateritic soils, it appears that remnant fossil roots can also provide corridors for the next generation of
trees to take advantage of in reaching these depths - personal observation.

Noteworthy characteristics of descending roots in Perth’s Coastal Sands

•

In meeting the mechanical forces that
strongly influence how the tree anchors
itself to achieve stability as it matures over
time in Perth’s sandy soils, the descending
roots within the SRZ commonly range in
depth from 1.5 m to 5 m; and for many
species, develop a feathering of roots
toward the lower potions of these
descending roots – personal observation
(Refer Figure 3).
Figure 3:- Images of a Norfolk Island Pine (Araucaria heterophylla) as
a 20 year old specimen (LHS image) and a close-up of the early stage
of descending roots development within the Structural Root Zone
(Circled) --- Image property of Arbor Centre.

•

One of the primary governing factors
in disturbed urban soils appears to be
the nature of the layers (Horizons)
that exist within the soil profile of
Perth’s coastal sands, and the
moisture gradients that these layers
create – personal observation.
A compacted subsoil layer can also
govern the depth of anchorage type
roots (Refer Figure 4).

A

B

Figure 4:- Spotted Gum (Corymbia maculata) within median of Nicholson
Rd, Cannington that has been planted over road base at 600mm depth.
Image A showing top of root plate. Image B showing the flat bottom of the
root plate…. Images property of Arbor Centre
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•

Water bodies also provide natural barriers to
vertical root growth [Craul 2006]. In Perth’s
coastal sands many plant species can establish the
majority of their primary root system within the
seasonal fluctuation zone of these water bodies
(e.g. Paperbarks (Melaleuca rhaphiophylla and
M.preissiana)- personal observation (Refer Figure 5).

Figure 5:- Showing the primary absorption root zone of a
Paperbark (Melaleuca rhaphiophylla) in the fluctuation zone
of the water table…. Image property of Arbor Centre

•

The development of vertical and horizontal roots in the structural root zone of Perth’s coastal sands
often create soil compaction forces that push the whole tree upwards as it matures [Craul 2006].
For large growing tree species, such as Corymbia maculata, C.calophylla,
C.citriodora,
Eucalyptus.rudis, E.grandis, E.gomphocephylla and
E.maginata, a 30 cm rise at the base of the tree had occurred within 15
years of planting a 2 year old specimens in Perth’s urban regions – personal
A
observation (Refer Figure 6).

Figure 6:- A Flooded Gum (Eucalyptus
rudis) showing the result of root mass
within the structural root zone causing it
to rise some 700mm over 40 years when
growing in deep Bassendean Sands (A),
and a close up (B) of the exposed lateral
roots – Images property of Arbor Centre

•

B

A common occurrence for these larger
growing trees in Perth’s undisturbed
coastal sands is the development of
arterial roots that are perpendicular to
the descending roots, at 0.8 m – 1.5m
depth; without there being an
observable change in the soil structure
above or below where these roots
originate from – personal observation
(Refer Figure 7).
Figure 7:- Exposed root bole of mature
Flooded Gum (Eucalyptus rudis) showing an
arterial root perpendicular to the
descending root at 1.2 m (circled) … Image
property of Arbor Centre
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•

In undisturbed regions that experience long dry
periods (that include Perth’s coastal sands, the
Pilbara to the north of Perth and the Goldfields
to the east), it is common to observe some
species of native trees having their root flare
commence at approximately 300 mm below
natural soil level. However, the same species
planted and grown to maturity in irrigated sites
rarely exhibit this characteristic - personal
observation (Refer Figure 8).
Figure 8:- Exposed root bole of mature Jarrah
(Eucalyptus marginata) at Dawesville, showing a
400mm depth from natural ground level to root
flare … Image property of Arbor Centre

Arterial Type Roots (Transport Zone)
As the absorption roots lead the way through the soil and put on secondary growth, they effectively leave
behind a network of living conduits (woody arterial roots) that transport the water solute and metabolites
provided by the absorption roots through the xylem vessels to other parts of the tree, as well as transporting
resources generated from the canopy of the tree, to expand the root system [Campbell 2011].
Some species appear to develop an entwined network of both arterial conduits and absorption roots
(regardless of soil type -- e.g. Elms (Ulmus sps) – Refer Figure 9).

Figure 9:- English Elm (Ulmus procera) at Waite Arboretum SA, showing the
matted network of both arterial ‘transport’ and absorption ‘feeder’ roots
radiating from the trunk. --- Image property of Arbor Centre

However, for many of WA’s mature native species, it
may only be the arterial ‘transport’ roots that radiate
from the tree (often 10’s of metres) before ‘absorption’
roots are found (Refer Figure 10). This phenomenon
appears to be more common in sandy soils than heavier
soils – personal observation. Xxxxxxxxxxxxxxxxxxxx

Figure 10:- Showing the radial length of an arterial ‘transport’ root - Jarrah (Eucalyptus
marginata), prior to any ‘absorption’ root development. --- Images property of Arbor Centre.
NOTE: Roots at the persons feet belong to anthadjacent tree and not the Jarrah.
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Another common trait of many WA native species growing in sandy
soils is the development of small ‘island’ like clusters of ‘absorption’
roots at 2m to 5m spacing’s along smaller arterial ‘transport’ roots
(Refer Figure 11).

Figure 11:- Coolabah (Eucalyptus
microtheca) in Kings Park, showing a cluster
of absorption roots growing from a lateral
arterial ‘transport’ root. These clusters
appeared at 2m to 5m spacings along the
arterial root. --- Image property of Arbor
Centre

Typical and Noteworthy Characteristics of arterial roots within Perth’s Coastal Plain
•

Once established, the transport roots of most tree species in Perth’s coastal sands have shown that
they can withstand high levels of soil compaction and modest restrictions to radial expansion –
personal observation.

•

The radial expansion of these arterial conduits causes natural compaction of the surrounding soil [Taiz
– 2010]. It is these secondary growth phases of root expansion that most commonly causes damage
to urban infrastructure such as roads, kerbs footings and paths – personal observation.

•

Beyond the anchorage zone the arterial (transport) roots are less subject to the mechanics of tree
stability and anatomically change the arrangements of the cells and fibres to give them rope-like
qualities of high tensile strength while also having comparatively high flexibility that is most obvious
toward the network of absorption roots where they are less woody [Moore 2013].

Absorption Type Roots (Feeding Zone)
In Perth’s coastal sands, absorption roots
growing within in the sands beneath the
organic layer (‘O’ horizon) are observed
to occupy soil space differently than
when growing in the clay or lateritic soils
of the Swan Coastal Plain. In these sands
the absorption root network tend to
distribute itself more spaciously across a
larger area than those growing in clay or
lateritic soils where the absorption root
network is more compact and the roots
are comparatively finer in diameter than
in the sands – personal observation
(Refer Figure 12).

Figure 12:- Showing the distribution of absorption roots in Perth’s sands
compared with Clay and Lateritic soils in the Swan Coastal Plain – Diagram
property of Arbor Centre
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Further, these absorption root networks have been observed to have a strong correlation with:•

Moisture Gradients (that arise via condensation, soil hydrology, natural or purposeful runoff, or a
seasonal or supplementary watering regimes) ,

•

Aerated Zones (usually associated with sands that are disturbed or less compacted than elsewhere),
and

•

Soil Profile Characteristics (i.e. the nature of the soil types and their location within the Soil Profile).

Typical and Noteworthy Characteristics of absorption roots within Perth’s Coastal Plain
•

Absorption roots proliferate in the upper regions of the soil where air, moisture and nutrients are
most freely available [Craul 2006, Harris 1999, Urban 2008, Watson 2008].

•

Beyond the SRZ of trees growing over Perth’s undisturbed sands, absorption roots are observed to
quickly graduate to being mainly present in the top 200 mm of sandy soil; in lateritic soils to 800 mm;
in highly organic soils to <500 mm - personal observation.

•

To the extent that soil compaction is the enemy of absorption roots [Harris 1999, Watson 2008]; it
can also be a natural way of influencing where absorption roots grow – personal observation.

•

For many of our mature native species growing in undisturbed natural sands, the highest
concentration of absorption roots is beyond the canopy of the tree – personal observation (e.g.
mature Jarrah (Eucalyptus marginata – refer Figure 5).

•

The practice of placing a layer of fertile and high organic soil within a strata of the ‘A’ horizon of the
soil profile, in the common belief that it will attract roots and keep them away from other zones, has
rarely been observed as successful beyond a 6 to 12 month period in Perth’s urbanised coastal sands.
The above factors commonly have a stronger influence as the trees become established and mature personal observation.

Common Tree Root Networks
Common network of arterial ‘transport’ roots
and absorption roots as a mature tree
(Perth observations)
Typical Species:- Most deciduous species, Magnolia sps, Ficus
sps many of the large growing native tree species in heavy
soils (Includes - C.calaphylla, E.guilfoylei, C.ficifolia)
Characteristics:1.

Majority of absorption roots trend towards being
within the canopy drip line in heavy soils but less
so in sands

2.

Aligns with AS 4970 – 2009 Protection of trees on
building sites, guide lines but subject to site and
soil circumstances

3.

Canopy
drip
line

All zones cope poorly with compaction

Figure 13:- Diagrammatic representation of the common network of arterial and
absorption roots as a mature tree, typical species and characteristics; with an image
showing an example Elm (Ulmus procera) and the typically matted network of both
arterial ‘transport’ and ‘absorption’ roots radiating from the trunk. --- Image property
of Arbor Centre
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Absorption roots predominantly found
beyond the canopy drip line of mature
trees (Perth observations)
Typical Species: Many large growing native tree species growing
in sandy soils (includes E. marginata, E. gomphocephala, C.
maculata, C. citriodora)
Characteristics:1.

Only arterial roots within the canopy drip line

2.

Absorption roots are beyond the canopy drip line

3.

Tend to cope with hardstand when there is minimal
root zone disturbance

4.

Does not align with AS 4970 – 2009 Protection of trees
on building sites, guide lines .

5.

Zones within the tree canopy cope well with soil
compaction

6.

Low concentration of absorption root /m2 in sand

7.

Tend to develop a highly asymmetric network of roots
in urban settings

Canopy
drip
line

Clumps of absorption roots sparsely
scattered within the canopy drip line of
mature trees with the majority being
beyond the canopy (Perth observations)
Typical Species: Many small growing native tree species growing
in sandy soils, many Mallee’s and WA Goldfield natives (includes
E. erythrocorys, E.drummondii, E.microtheca, Santalum sps)
Characteristics:1.

Mainly arterial roots within the canopy drip line

2.

Absorption roots mostly beyond the canopy drip line

3.

Does not align very well with AS 4970 – 2009
Protection of trees on building sites, guide lines .

4.

Zones within the tree canopy cope reasonably with soil
compaction

5.

Tend to develop highly asymmetric network of roots in
urban settings

Figure 14:- Diagrammatic representation of clumps of absorption roots sparsely scattered
within the drip line of a mature tree with the majority of absorption roots being beyond the
canopy, typical species and characteristics; with an image showing an example Coolabah
(Eucalyptus microtheca) showing a cluster of absorption roots growing from a lateral arterial
‘transport’ root. These clusters appeared at 2m to 5m spacings along the arterial root.
--- Images property of Arbor Centre
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Canopy
drip
line

Natural Soil Profiles in Perth’s coastal sands
The root zones of trees adapt differently to the natural soil profiles that exist in the Swan Coastal Plain.
Examples include the differing root characteristics and distribution of a Marri (Corymbia calophylla) when
grown in natural Spearwood sands (Figure 16) compared to the lateritic soils of Perth’s foothill (Figure 17); and
the adaptive qualities of Paperbarks growing in natural wetlands (Figure 18).
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Un- Natural Soil Profiles in Perth’s coastal sands
The majority of development across Perth’s coastal sands has resulted in varying degrees of sand and soil
disturbance. The most common of these being the introduction of cut and fill operations during the civil stage
of development that result in layers of mixed local sands, compacted layers and foreign materials being the
inherited origin of the majority of the past and current landscape (Refer Figures 19 & 20).

Original
ground
levels

B
A
Figure 19:- Un-natural soil profiles in Perth’s coastal sands. Image
A showing gradation of rubble as fill (highlighted) over the
original soil that the adjacent Marri’s (Corymbia calophylla) have
grown into. Image B is at the other side of the trench (where the
man is standing) showing that the fill over the original soil has
changed to highly alkaline construction sand that the tree roots
have avoided. Image C is at Perry Lakes showing 5 layers of
various sands that this new inner city estate is being built on .….
Image property of Arbor Centre

The combination of the differing qualities of
these layers in the preferred zone for tree roots
to grow (i.e. the array of various physical
qualities, potential hydrogen (pH), hydraulic
conductivity, moisture gradients, organic
content, nutritional status, compaction levels,
etc) has a significant bearing on the capacity of
tree roots to perform as they would in “natural”
soil profiles. In most instances it is impossible
for them to do so [Craul 2006].
Essentially, the reasonably assumed behaviour
of roots in their natural environs are
significantly constrained by the urban soil
profiles that we create or that we inherit in
Perth’s urbanised metropolis. In many
instances, these changed circumstances are so
vastly different to the natural soil profile that

C

Original
ground
level

Figure 20:- Typical soil profile in the Midland area where numerous

layers of various fill materials have been placed over the original top
The 16th National Street
Tree Symposium 2015
soils…. Image property of Arbor Centre
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endemic vegetation has adapted to, that they are often the least able to successfully cope with the change –
personal observation.

Common Tree Root Problems
Kerbs, footpaths, crossovers and footings are the common problem areas (refer Figure 21b). These are also the
linear areas where higher moisture gradients periodically arise and persist longer in the soil than in
other/adjacent areas (i.e. absorption roots historically grow and survive longer within these zones than in
other zones). These periodic moisture gradients also commonly persist within the upper soil zone (to 500mm
depth in sandy soils) that is the favoured place for absorption roots to grow – personal observation.
These moisture zones can occur either by design; in the case of kerbs (used to capture and divert storm
water), or by default (for in-ground structures that induce condensation at their soil contact surfaces &/or that
rain or irrigation water is naturally directed to ---e.g. a vertical wall collects and directs the water to its base).
It has also been our observation that where these structures and below ground services are installed following
disturbance of the soil (modified to achieve new levels or excavated for
services or footing installations), the soil within these backfilled areas is
usually an aerated form of the blended site soils. For sandy soils, this blending
of the top 200mm of organic soil with free draining sub soil sands, usually
makes for a better root zone environment than the adjacent undisturbed soils
and explains why these corridors are a common preference for root growth –
personal observation.
Below ground services are claimed by some to be at great risk from such tree
roots however, roots are rarely found to be the primary cause of breakage.
Figure 21a:- Showing arterial
Our only two circumstances (in the past 30 years), where roots have been the
roots within a service conduit --primary cause of damage have been extraordinary (not typical). One being
Image property of Arbor Centre
where roots had grown within a service conduit that constrained arterial root
expansion and resulted in the irrigation pipes being squashed (refer Image 21a). The other being where roots
had grown between a footing and a service that was running against the footing. Other than these exceptions,
our investigations have shown that it is mostly the failure of a join or a mechanical break in the service that has
created soil moisture conditions that are better than elsewhere in the soil profile; and that over time, roots
that happened to be present in the affected area, took advantage of the improved conditions provided.

It seems that it is by association
that roots are often wrongfully
argued as being the primary cause
of the damage. None the less, their
presence tends to compound the
problem and their continued
expansion into the favoured zone
usually make matters worse in the
case of below ground services, or
can provide improvement in the
case of retaining; where the
presence of roots provides sand
stabilisation - personal observation.
By incorporating measures that
acknowledge root behaviour into
design and construction, most of
these kinds of root problems can be
adequately mitigated to meet the
intended design limitations of the
structure.

Tree image courtesy of ISA

Figure 21b:- Showing the areas where roots common impact with urban
infrastructure that are seen as problematic…. Image Property of Arbor Centre
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Overview of common problem areas (Kerbs, Footpaths & Crossovers and Footings)
In Perth’s coastal sands, water capturing areas like kerbs, the edges of footpaths, crossovers and footings, all
have primary root ingress points that are at the interfaces between the layers created during construction. It is
at these interfaces that moisture gradients arise and persist for longer than elsewhere as a result of
condensation (between mediums of differing bulk densities), or the hydraulic conductivity variations between
each of the soil profile layers – personal observation.
Through many years of trialling an array of ways to seal off these potential root ingress points in Perth’s
coastal sands, a suitable base product was found, and the manufacturer able to modify its characteristics, such
that it could provide an effective ‘spray-on’ root barrier (Camilaflex SORB), capable of adhering to most of the
surfaces encountered in road and civil construction; and when applied correctly, provides a seal that has both
the strength and elasticity to potentially retain the seal for some decades (Refer Appendix 2b – Product
information - Camilaflex)).
In conjunction with innovations such as compaction trenching, the protection of urban infrastructure can be
afforded two principle tools of root management that can close off many of the root ingress zones that cause
the infrastructure damage that is commonly observed.
Drawings explain the basic level of detail required to appreciate where the root ingress point are found and
methods of protecting the likes of Kerbs, Footpaths & Crossovers and Footings that have proved successful in
Perth’s coastal sands. These can be found in Appendix’s 2a, 2b & 3.

Other measures for managing roots in Perth’s coastal sands
It is important to note that the hydraulic conductivity of Perth’s coastal sands is very high [Samala] and the
climate in Perth has high temperatures with relatively low humidity and a rainfall pattern that has 80% of its
annual 800mm precipitation occurring in the winter months [Dixon 1997]. It is these combination of factors
that appear to have facilitated the success of the root management measures being described below. For
example, the practice of raising soil levels around trees has very limited ‘fill depth’ tolerances for most tree
species where the backfill soils are not as free draining– personal observation.

Road base compaction trenches
Investigations and trials carried out by Arbor Centre on the installation of various conventional root barrier
products (e.g. Vertical root barrier, Tree root deflectors – etc) has shown that they have limited success in
Perth’s coastal sands and that in most instances, the installation of the products usually attracts roots to the
zones that the product was intended to protect (Refer Figure 22).
The primary reasons for roots being drawn to the conventional root barrier zones is the soil aeration that takes
place during installation excavations and the ‘practical’ difficulty in re-compacting them. To add to the
problem, the unsightliness of the products in high traffic areas is usually addressed by covering over the top
portions of them during ongoing maintenance; providing an immediate pathway for roots to access their
preferred growing spaces beyond the barrier (usually beneath the adjacent mulch).
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Most root barrier
products fail to
achieve their
intended purpose in
Perth’s coastal sands

Further to the application of
‘spray-on’ root barriers (as shown
in Appendix’s 2a, 2b & 3), a
successful approach for many
situations in Perth’s coastal sands,
has been the introduction of
compacted trenches of road base
type material that is interlocked
with the edge of hardstand and
the interface joints sealed.
This approach creates secondary
compaction
of
the
sands
The 16th National Street Tree Symposium 2015
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Figure 23:- Road base compaction barrier- property of Arbor Centre

immediately adjacent the road base as it is being compacted (Refer Figure 23).

Root Canals
From the observations of tree root
behaviour (growth and distribution
habits) in Perth’s coastal sands; and the
strong influences that disturbed sands
have on tree root behaviour, it is
evident that the structural root zone
(or the zone of rapid taper as described
by Wilson 1964) should remain a
critical focus for tree managers to
ensure that tree stability is well catered
for. However, beyond the SRZ of most
tree species growing in Perth’s coastal
sands, there is opportunity to
purposefully manage root behaviour by
taking advantage of the characteristics
being observed (Refer Figure 24).
With the propensity of many of
Western Australia’s tree species to
naturally develop absorption root
zones beyond the canopy of the tree
(and that this propensity is accentuated
by the disturbed nature of Perth’s
urban sands), there is sound reason to
Figure 24:- Showing root canal possibilities to consider in urban design property of Arbor Centre
consider providing purpose built ‘root
canals’ that provide corridors to
selected feeding sites that are beyond the structural root zone of the trees. Some of the issues that we often
associate with ‘problems’ are also evidence that tree roots are happy to utilise such canals.

Tree roots can be encouraged to
travel at appropriate depths beneath
roads, paths and hardstand when we
provide the conduits they can utilise -- City trees, like city people, can also
enjoy dining out in public places.
The construction required for
providing these transport root
conduits (root canals) in Perth’s
coastal sands, can be engineered to
avoid conflict with other important
urban infrastructure when designing
new sub-divisions (Refer Figure 25).
Figure 25:- Example showing root canal placement and construction beneath a
in Perth’s
coastal
– image 2015
property of Arbor Centre
The 16th road
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Aeration Layers and Pitching
Aeration layers can be ‘root canals’ arranged radially
around affected areas of the root zone that require fill, or
by creating a skirt around the tree (Refer Figure 26) using
washed and screened aggregate (5mm – 20mm grades),
covered with geotextile; for placement over the natural
contours of an existing root zone where fill operations are
going to occur. It has been our experience that they are
effective when:•

The aggregate is free of fines and organic
material. (Washed and screened basalt
aggregate is commonly used)

•

Measures are taken to prevent siltation in and
above the aggregate layer. Such measures need
to be part of designing its application into the
landscape. Geotextiles can cause silting over
time and impact adversely on the soil’s hydraulic
conductivity.

•

The aggregate layer provides the capacity for
water and air to move easily through the
aggregate layer for a period of years provided
there are entry and exit points that avoid
sumping.

Figure 26:- Showing the aeration layer and pitching
around the trunk of a Flooded gum (Eucalyptus rudis) in
Midland, prior to the placement of geotextile and
subsequent backfilling of an embankment in 2007 and
shows no signs of decline (2015).
Image property of Arbor Centre

In Perth’s coastal sands, aeration layers have been shown to be an effective way of providing the 5 to 10 year
time frame many trees require to re-adjust to soil level changes. This re-adjustment is through roots being able
to grow into the new soil environment (subject to aggregate layer depth), &/or in helping existing roots to
support the trees needs long enough for new roots to develop elsewhere beyond the fill – personal
observation.
In conjunction with the installation of an aeration layer over the root zone, it is often necessary to also provide
pitching around the trunk of the tree when new soil levels surround the tree’s trunk (Refer Figure 26). As well
as the above points for success, we have also learnt that it is important that the size of the aggregate and the
radius of pitching is proportional to the depth of fill (the deeper the fill the larger the aggregate and the wider
the aggregate collar); that it is important for fines and organic matter to be restricted from entering the
pitched zone; and that the pitched zone has good drainage (Irrigation can induce problematic factors) –
personal observation.
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Aeration layers under paving
Where washed and screened aggregate layers
are introduced immediately beneath
hardstand surfaces (in Perth’s coastal sands),
the root growth is usually restricted to the
bottom of the aggregate layer. The only
observed exceptions being where the
aggregate has been contaminated with
introduced soils or sands during construction
(refer Figure 27).
It has been our experience that they are
effective when:• The edge treatments specifications
take into account the site soil
conditions and the root ingress
points that require sealing.
Note:- The edge treatment of
combining weed-mat and cement as
an edge treatment at ECU, failed at
joins of the weed-mat. Roots from
the adjacent Pines (Pinus pinaster)
entered via the joins and developed
alone the interface between the
weed-mat and the cement haunch.

Paving
Profile
Figure 27:- Showing exploratory excavation site and the 3.5 years of new
root growth from the adjacent Pinus pinaster, at Edith Cowan University,
WA, remaining below the aggregate layer. Inset showing a design
section. - Images property of Arbor Centre

•

The pavers are placed directly on
the aggregate; and in which case it is important to select a practical size of aggregate that is
appropriate for the paver size (i.e. 5mm for small pavers and can be up to 20mm for large slabs).

•

The aggregate layer being installed directly over the sub-grade sands or road base.
Note:- In Perth sands, the introduction of a
geotextile layer can act as a wick and
provide a moisture gradient for roots to
follow. Should a geotextile be required for
sub-soil stability, it has proven best to
confine its use to being within the edges of
the aggregate layer.

•

To be effective in restricting root growth
within the aggregate layer, it is imperative
that the aggregate is washed and screened
to the required size (avoid mixing sizes), and
that it is kept free of sand or soil during
construction.
Figure 28:- Showing 2 years of Pinus pinaster root growth
remaining beneath the road base; but within the sub-grade of
contaminated railway ballast beneath the subgrade.
Image property of Arbor Centre

For pavements carrying light vehicular traffic, a trial
was also carried out with the aggregate layer
beneath the paving being deepened to 150mm depth
(with the inclusion of geo-cells to improve stability),
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where this was placed directly onto a compacted road base (200mm depth), that was constructed over a
200mm layer of Railway ballast. Exploratory excavation 2 years after installation showed that the subgrade of
railway ballast had mixed with the Spearwood sand below and the road base above, to provide a favourable
rooting medium that created minor undulations to the finished pavement surface in some parts of the paving
(Refer Figure 28).
The challenge for tree managers is ensuring that the construction of edge treatment meets the level of detail
prescribed in the construction drawings. Initially, this requires on site supervision until contractors become
familiar with the site hygiene and quality control issues that make a difference to the outcome.

Structural Soils and Structural Cells
With cities imposing more hardstand and minimising natural open ground for trees to grow, the creation of
sub-terrain rootable soil spaces beneath hardstand has been a welcomed innovation as a way of meeting
engineering requirements for roads and other trafficked areas; while potentially catering for tree roots. These
engineered solutions are primarily by way of “structural soils” and “structural cells”.
Structural Soils
The “structural soil” referred to here
means the use of large structural
objects, such as rock, that interlock
under specified compaction loads
while leaving macro spaces which are
<50% occupied by a filler soil in which
roots can grow [Pers. Com, May, P
2011] (Refer Figure 29).
Details of specifications, uses and
applications can be found at the
Horticulture
Institute,
Cornell
University, NY, USA or
Sydney
Environmental & Soil Laboratory
(SESL).
While focus has primarily been on the
attributes of the structural soil and its
abilities to support root growth to
varying depths and how to introduce
roots into the medium, limited
research has been undertaken on how
roots grow and distribute themselves
beyond the confines of the structural
soil zones provided.

Figure 29:- Typical structural soil make up showing filler soil within macro spaces
of the rocks – Image property of Arbor Centre.

Because successful structural soils are often costly to produce, handle and install in Perth (personal
experience), the structural soil spaces afforded trees is often kept to a minimum and only caters for a marginal
portion of the trees total
rootable soil volume needs
over coming years.
Regardless of the volume of
structural soil space provided,
it has been our experience
that roots migrate beyond
these designated structural
soil zones and behave in the
same fashion as described
Figure 30:- Showing the zone where structural soil was utilised to 1.2 m depth around a date
palm (Phoenix canariensis) in Midland and provided a much better rooting environment than
previously (i.e. roots rarely
the surrounding clay soils; causing road and kerb repairs every 2 to 3 years after planting –
remain confined to the
Image property of Arbor Centre
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in effect, the introduction of structural soils tends to invite tree roots to continue beyond the installation and
impact on infrastructure as described above (Tree Root Problems) – personal observation (Refer Figure 30).
Being able to interpret the makeup of the surrounding soil profile and the influencing factors for root growth
and development over time is a critical part of these kinds of installations.

Structural Cells
Structural cells also provide an excellent way of creating
rootable soil space beneath hardstand however, it is
beyond the structural cells that little if any, root
management consideration is given to how roots will
grow and distribute themselves.

Structural cells installations also have the added
responsibility of determining and understanding the
factors that influence the ability of roots to grow and
distribute themselves within the soils provided in the
structural cells. In Perth these factors include: Drainage (at a rate that meets tree species
requirement in the given mediums);
 Awareness of the depth of, and the % of organic
matter in planter mix soils and the potential for
anaerobic decomposition over time;
 Aeration and the capacity for air to adequately
circulate to meet soil evaporation needs as well
as air temperature/ventilation control beneath
the hardstand and across the structural cell soil
zone;
Note:- Beneath metal tree grates at Forrest Place soil
temperatures to 100mm recorded temperature above 40C
(Refer Figure 31).

 Irrigation volumes and frequencies and the
method of delivery that will ensure soil function
across the whole soil mass, meets expectations;

Figure 31:- Showing Elms (Ulmus parvifolia) at Forrest
Place, Perth CBD, where the soil within the structural cell
planter became toxic through anaerobic decomposition,
drainage failure (within and beyond the planter) and soil
temperatures beneath the steel tree grates exceed 40C
during summer – image property of Arbor Centre

 Determining the soil profile layers that will minimises silting over time, that impedes drainage and can
create impermeable zones within the soil profile;
 Moisture sensors and where they need to be placed (refer Figure 32);
 Soil contamination provisions (city
tree pit are a common wash-down
area after midnight);
 Extreme heat and light radiated
from surrounding hardstand;
 Extreme air temperatures
lengthy periods;

for

 Recognising the limitations of the
soil space provided;

Figure 32:- Showing the moisture sensor data (at 100 mm increments
down the soil profile) recorded/logged/transmitted by the ‘Hornet’
The 16th Nationalmoisture
Street Tree
Symposium
sensor
installed at 2015
Forrest Place, Perth CBD.
Image63
property of Arbor Centre.

 Recognising the limited access to the root zones to modify pre-existing soil conditions;
 Recognising the extremes of seasonal fluctuations (weather and water table).

Conclusion
The root systems of trees are as essential to tree life as the above ground parts, and are no less significant in
terms of tree management and species selection for the trees we seek to include in our towns and cities.
Tree management also has a breadth of stakeholders that are involved in their selection, planning, planting,
aftercare and palliative care. People from many professions, trades, disciplines, communities and government
bodies; all have some level of experience or have observed practices in managing (or not managing) tree roots
that form the basis of personal views on how they could or should be managed.
Many of these same people are the decision makers that work directly with trees (including the supervisors
and the contractors of various trades - including arboriculture), as well as people at higher professional levels
(Planners, Landscape Architects, Engineers, City Managers and alike), that provide directives that govern or
influence the framework in which tree managers are able to exercise their knowledge and expertise. One of
the main challenges faced by tree managers and arborists is to better influence these higher level stakeholders
in re-framing their approach and confidence in sound arboricultural practices being exercised within their
domains and disciplines.
Recognising and being able to demonstrate the primary causes of the root problems that cause infrastructure
damage in Perth’s unique coastal sands, has encouraged professions such as Engineers and Landscape
Architects in particular, to re-assess the theories and assumptions that have underpinned their previous
modelling, and turn their professional skills to re-engage and effectively engineer trees into, rather than out
of, the landscape and infrastructure that they are responsible for.
In translating the root behaviour in Perth’s coastal sands into the designs of landscape and infrastructure, a
great deal of time was also been spent in identifying the level of detail necessary for the development of
construction specifications. The ability and willingness of professions to coalesce toward fruitful outcomes was
an imperative. Of equal importance was ensuring that the construction detail was interpreted correctly and
that there was adequate vigilance in the supervision of contractors as they become familiar with the site
hygiene and quality control issues that are essential for successful outcomes.
Being able to interpret the makeup of the surrounding soil profile and the influencing factors for root growth
and development over time, has proven itself to being a critical part of root zone management and the kinds
of installations discussed.
Overall, the challenge in Perth is providing more quantitative data to support the qualitative observations and
comparative data gathered to date. We see this as a challenge for all tree managers and arborists in gaining a
better understanding of the below ground circumstances in their domains….. i.e. Digging the holes that verify
actual conditions and soil profiles; making time to expose, explore, verify and compare the growth and
distribution patterns of root systems, and the peculiar influences that local conditions are having on the
common tree species; and determining quantitative measures that can better support the needs of
professions that are most instrumental in delivering change.
The circumstances and behaviour of root systems in Perth’s unique coastal sands may not be applicable
elsewhere however, it is hoped that the issues raised can provide a guide to where further research and
trialing is needed to meet the challenge of providing sufficient space and the better management of tree roots
within our urban precincts.
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APPENDIX 1
Swan Coastal Plain Sands
Brief Geomorphology
The sands of the Swan coastal plain are made up of three linear geological systems:The Quindalup Dune system which fringes most parts of the coast line / foreshore for up to 3 kilometres, is
made up of lime and quartz sands as well as lime-based marine deposits which have resulted in it generally
having an elevated Potential Hydrogen (pH) that is often >8.5 [Dixon 1996]. The Quindalup sands contain a
higher percentage of fine sand particle size and lower course sand than Spearwood or Bassendean system
sands; and noticeably slower draining [Salama 1998] .
The Spearwood Dune system which extends from the Quindalup systems (or the coast line in some parts), for
a width of further 15 kilometres from the coast where top soils range from 0 – 20 cm over yellow sands with
particle sizes having a comparatively higher percentage of medium sand size particles and pH ranging from 4
to 7 (low pH associated with wetlands) [Salama 1998].
The Bassendean Dune system extends from the Spearwood system for a further 15 kilometres to the foothills
and is characterised by its comparatively high percentage of course sand size particles, draining more freely
than Quindalup or Spearwood sands and having a pH ranging from 2 - 7 (low pH associated with wetlands)
[Salama 1998].
The hydraulic conductivity of the Bassendean and Spearwood top soil sands ranges from 0.56m to 2.85 m/day
and subsoils range from 3.41 to 6.38 m/day [Salama 1998]
The Urban Soil systems utilised for road construction is sourced primarily from the Quindalup and Spearwood
dune systems [Boral 2015] while verge and garden areas are commonly a blend of local subsoil sands with
sporadic coverings of manufactured soil mixes with high organic content – personal observation.
The Influence of Ground Water Usage
Of significance also is the increasing use of ground water as part of Perth’s domestic supply as well as parks
and residential gardens. Being high in carbonates and bicarbonates, the increasing use of these water supplies
is incrementally elevating top soil pH [Dixon 1996].
Soil Stability
A chief characteristic of Perth’s sands is that they remain relatively stable/consistent in structure when it is
either wet or dry and therefore provide better in-ground stability for trees than soils that significantly change
structure when wet – personal observation.
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APPENDIX 2a
Kerbs:- Where the root problems are in sandy soils
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APPENDIX 2b
Kerbs:- Construction required to effectively close off root ingress points

Product Information (Camilaflex)
The liquid (Spray-on) root barrier (Camilaflex SORB) has been purposefully developed by the manufacturer
following field trials carried out by Arbor Centre over an 8 year period. It is the only product Arbor Centre has
found that when applied as a minimum 500 micron thick continuous coating over correctly prepared surfaces,
can:• Successfully adhere to a broad range of surfaces that include concrete, bitumen and compacted road
base materials;
• Provide the 400% elasticity required to reasonably hold the structural integrity of the coating over
cracks to 2 mm, and minor movements that commonly occur at roadside edges;
• Holds its elasticity and structural integrity for up to 10 years in full sun (manufacturer’s warranty);
and potentially decades in ground.
Applying the barrier does not protect the kerb from the horizontal forces that could be applied over time as a
result of root mass build up adjacent the back of kerb, or that could result from the radial expansion of arterial
roots located along the back of kerb. Other measures need to be implemented if root occupation immediately
adjacent back of kerb is to be minimised.
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APPENDIX 3
Foot Paths & Crossovers:- Where the root problems are in sandy soils and the construction
required to close off the root ingress points
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Trees and permeable paving: future symbionts.
Tim Johnson
City Of Mitcham & University Of South Australia

Introduction
In 2009 the City of Mitcham retrofitted twelve permeable pavement sections and tree planting pits along a
two metre wide verge in a residential street to study the effects of pavement permeability on tree growth, soil
moisture, ground movement and soil oxygen content. One research aim was to investigate whether seasonal
desiccation of roots beneath permeable pavements during the region’s hot, dry summers might limit shallow
root growth and prevent tree root related footpath damage. Observation of root development after five years
of growth revealed that the permeable pavements are less prone to damage by shallow root growth than
conventional impermeable pavements.
Roots observed in crushed rock screenings beneath the permeable pavements rarely exceeded 2 mm in
diameter, with most being 1 mm in diameter or less. Fragments of dead roots of this size were found in the
crushed rock, revealing their ephemeral nature. Further evidence of the seasonal nature of root development
and the rapid turnover of fine roots was found at the interface between the crushed rock screenings and the
soil; numerous root tracks were clearly visible on the soil surface but few roots remained at the time of
observation. Biopores up to 2 mm in diameter descended into the soil from these root tracks, revealing that
short-lived roots were not restricted to the pavement base screenings and soil surface, but that turnover of
fine roots also occurred at some depth below the interface of the pavement base and soil. Permeable
pavements on uncompacted, moderately reactive silty clay soil have demonstrated unfailing serviceability over
six years since their construction.
Impermeable segmental concrete block pavements installed on a sand bedding layer over compacted
subgrade served as controls. Excavation of these control pavements revealed shallow root development in the
sand bedding layer immediately beneath the impermeable pavers. Being less able to penetrate the
compacted base and subgrade these roots developed laterally beneath the paving, where continued growth
could be expected to dislodge the blocks and create hazards.

Materials and methods
‘Ecotrihex’ (Adbri Masonry, Adelaide Brighton Ltd, Adelaide, Australia) concrete block permeable pavement
surfaces were constructed on a base of angular rock screenings without fines over the site’s silty clay loam.
Each 4 m long and 2 m wide pavement section contained a tree planting space measuring 600 mm x 1600 mm
located centrally at the back of the kerb (Figure 1), in which was planted a Callery Pear (Pyrus calleryana
‘Chanticleer’) sapling. At six of the permeable sites the base layer screenings were 150 mm deep above a level
soil interface, at the remaining six sites the soil was formed into a swale beneath the footpath, the swale then
being filled with screenings to a maximum depth of 300 mm (Figure 2). The surrounding impermeable
footpath pavement of ‘Villastone’ interlocking concrete blocks constructed on compacted site soil and a layer
of bedding sand served as controls. Site and construction details have been previously reported (Johnson
2011, Johnson et al. 2011).
During winter 2014 a transect was excavated across three of each of the permeable pavement designs and
three impermeable control pavements. Transects were located 1 m south of the Callery Pear trees and
formed a right angle to the kerb. To expose the soil at these locations a ~1 m wide section of pavement
surface was first removed to reveal the crushed rock screenings base layer. Screenings were removed using a
custom built vacuum (G. S. Civil, Edwardstown, South Australia) which, with careful use, was able to extract
the screenings whilst leaving roots larger than ~0.5 mm diameter intact.
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Figure 1: Permeable pavement site layout.

Figure 2: Permeable pavement base layer construction, level design (top image)
and swale design (bottom image).

Results
Roots Growing In Permeable Pavement Crushed Rock Base Material
Removal of the permeable pavement surfaces revealed networks of higher order roots (Esau 1965) living in the
screenings, including very fine (<0.5 mm diameter), fine ( 0.5 – 2 mm diameter) and small roots (2 – 5 mm
diameter) (Böhm 1979 in Zobel & Waisel, 2010). Roots were observed throughout the full depth of the base
layer (Figure 3). These fine, intricately branched roots (labelled ‘A’ in Figure 3) were observed in the base
screenings of all six of the permeable pavements excavated. They appeared identical to roots observed two
years earlier during a preliminary investigation in July 2012. The roots appeared randomly distributed in the
crushed rock matrix, with fine and small roots typically distributed through lower parts of the screenings and
very fine roots located higher and into the finer bedding screenings immediately beneath the paving blocks.
Root tips appeared divided or flared (Figure 4) and often ended in nodules. In undisturbed base materials at
the edges of the excavation many of the root tips were attached to the rock screenings. Though no water had
been used in the vacuum process the surfaces of the screenings were notably damp. Screenings were covered
with fine material, possibly quarry dust and some few sand particles which were amongst the screenings when
installed; these were thoroughly wet but remained adhered to the rock surfaces. The origins of the very fine
roots were traced back to fine and small roots originating beneath the geotextile (labelled ‘B’ in Figure 3). Few
of the roots observed in the crushed rock screenings grew to more than 2 mm in diameter. No taper was
apparent along unbranched sections of exposed fine and small roots, many of which exceeded 400 mm in
length.
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A

B

Figure 3: Roots exposed in permeable pavement base screenings; healthy, very fine roots (A)
were traced back to fine roots (B) which originated beneath the geotextile.
Points of emergence of the roots through the geotextile appeared to be located randomly; in most cases no
evidence of any damage, previous penetration or lack of homogeneity in the fabric was observed which might
have facilitated root penetration. Roots entering the screenings from the adjoining garden at one site
however appeared to be aligned along a fold in the fabric at approximately the depth of the interface between
the base and bedding screenings (Figure 5).
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Figure 4: At the edges of the excavation very fine roots were observed to be growing through the crushed rock
matrix, with sections of the root network left suspended following removal of the screenings by vacuum.

Figure 5: Roots growing into base screenings from an adjoining private garden were observed to have
penetrated the geotextile along a linear ridge formed in the fabric.
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Roots were observed to have grown into permeable pavement base screenings through routes where soil
covered the geotextile around the edge of the tree planting pit, though such occurrences were uncommon.
The 45o soil batter at the edges of the planting pits resulted in a 70 mm depth of pavement base screenings
beneath the tree pit’s pavement header course. It had been thought that seasonal desiccation of these
screenings may eliminate the development of lateral roots at this shallow depth. Some few roots were
observed to have developed over the top of the geotextile however, in locations where it had been
inadvertently cut low around the tree pit near the base of the paving bricks or where soil disturbed during
planting had settled above it. In these cases a ‘soil bridge’ existed above the geotextile through which roots
grew from the tree pit into the pavement base screenings.

Dead And Decaying Roots In Crushed Rock Screenings
Pavement base screenings appeared free from organic matter other than roots. The vast majority of roots
uncovered were alive and intact, but decaying and fragmented dead roots were also observed (Figure 6).
Fragments of dead roots were typically 1 to 2 mm long (labelled ‘A’ in Figure 6), but the largest observed were
up to approximately 25 mm in length (labelled ‘B’). The thickest decaying fragments were approximately 2
mm in diameter, similar to the diameter of the largest live roots encountered in the screenings.

A

B

A

Figure 6: Fragments of dead roots were observed throughout permeable pavement base screenings.

Root development in grout between permeable pavers
Root systems of recently germinated herbaceous weeds were observed growing between the pavers (Figure
7). In all observed cases the roots descending from these plants terminated before entering the pavement’s
bedding screenings. As the weeds were only at the cotyledon stage of development and their roots extended
approximately 40 mm between the paving blocks it appeared likely that they may extend into base materials
during the spring growth phase. Moss covered many of the joints and voids between the pavers at the time of
examination. Moss rhizoids were not expected in the 5 mm – 7 mm screenings of the bedding layer and none
were observed. Rhizoids were observed in a layer of what appeared primarily organic material which had built
up on the top of the grout screenings to a maximum thickness of approximately 9 mm (Figure 8). Weed
growth was routinely controlled by the City of Mitcham during winter and spring using knockdown herbicide.
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Figure 7. Roots from recently germinated herbaceous weeds in joints and voids between the pavers descended
approximately 40 mm into the screenings used to grout the pavement.

Figure 8. Moss was common on the surface of joints and voids during winter; its growth was limited to a layer
of organic matter up to 9 mm thick which had collected on top of the grout.
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Root Development through Geotextile Fabric
Roots were commonly observed to have penetrated the geotextile fabric from beneath, grown upward into
and then divided amongst the permeable pavement base screenings. Occasionally these had developed a
woody structure which was self-supporting, facilitating their observation in-situ following removal of the
screenings. These roots divided at short intervals (Figure 9), reducing to the small and fine sizes described
previously. Roots were also observed which had grown into the matted geotextile fabric, elongated within its
fibres for distances of several centimetres (Figure 10), and then penetrated through the fabric into the
pavement base layer screenings. In another instance, a root was observed to have grown into the geotextile
from the soil, elongated within the fabric’s fibres for a distance of approximately 18 mm, then re-emerged
from the fabric’s underside, re-entered the soil and continued to divide and flourish (Figure 11).

Figure 9. Root penetration through the geotextile from below was common to all permeable installations, with
roots dividing and ascending into the pavement base layer screenings. Woody root development beyond 2 mm
in diameter was rare within the screenings however; this image recording the only occurrence observed. The
scale of root development encircled was typical of many observations.
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Figure 10. Roots were observed to have grown within the geotextile, elongating along its fibres
in the plain of the fabric.

Figure 11. This tree root penetrated the underside of the geotextile fabric and grew within its fibres for
approximately 18 mm (enlarged in inset) before re-entering the soil.
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Root Development at The Soil/Geotextile Interface
Though many roots penetrated the geotextile it was noted during all excavations that much of the fabric had
no penetrations (Figure 12). Lifting the geotextile revealed, as expected, similarly sparse root presence
beneath as had been observed above, with large areas of the exposed soil surface being devoid of roots and
the mottled surface being covered with networks of tracks (Figure 13). The quantity and density of tracks far
exceeded the quantity and density of visible roots.
Tracks in the soil surface were reflected in lines on the underside of the geotextile. They were present in a
range of sizes, with the broadest tracks reflected by the broadest lines on the geotextile; fine tracks matched
correspondingly fine lines on the fabric. Visible roots aligned with the boldest lines on the fabric (Figure 14).

Figure 12. In all six permeable pavement excavations root penetrations (marked by the triangles) occupied a
relatively small proportion of the exposed geotextile surface. A much larger area (shaded white) was devoid
of root penetrations. The tree planting pit was to the lower right of the image.
Most but not all of the tracks in the soil were three dimensional; they appeared incised into the surface. The
largest were typically between 2 and 3 mm in width with some having similar depth. Where the imprinted
lines on the geotextile were dense and obvious, the corresponding tracks in the soil were sharply defined with
cleanly-cut edges and consistent depth (Figure 15). Less dense lines on the fabric reflected shallower and less
well defined tracks in the soil; these appeared as though their edges had weathered and collapsed slightly.
Where lines on the geotextile had minimal density the corresponding tracks in the soil surface appeared to
have little or no depth and their edges sometimes appeared smudged and indistinct. The reduced density of
some of the imprints on the geotextile, and the corresponding weathered edges and reduced depths of the
tracks in soil surface, suggest that soil may have washed off the geotextile and down into the tracks during
successive rainfall events. The varying densities of the many geotextile imprints and the corresponding states
of the tracks in the soil surface suggest that successive generations of roots had grown, died and decayed and
that multiple rainfall events had taken place to progressively wash the soil from the geotextile back into the
tracks beneath.
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Figure 13. Root density beneath the geotextile appeared similar that observed above with large areas devoid
of roots. Points of root emergence are marked by triangles; white lines delineate areas with no surface roots
at the time of observation. Note the light brown colour of the soil surface in some areas in contrast with the
red-brown of the disturbed peds; this lighter brown thin surface layer was observed in shallow depressions in
the surface, appearing as though it had been water-borne and settled on the surface during infiltration.
The root tracks were noticeably more abundant in the lighter brown areas.
The tree planting pit is to the bottom left of the image.
At all six of the permeable pavements that were excavated the deepest, sharpest root tracks in the soil surface
and the densest imprints on the geotextile occurred at the site of roots growing and visible at the soil surface.
No biological activity other than root development was visible to the naked eye at any of the permeable
pavement sites during the excavations; it was surprising that no invertebrate life was observed. In the absence
of any other observed biological activity it seems most likely that the fading tracks and lines show the locations
of previous generations of roots, with track depth and imprint density being inversely proportional to the time
elapsed since the root’s decomposition.
The existence of pores in these tracks further supports this view. Multiple pores in the soil surface were
clearly visible to the naked eye (Figure 16). Typically located at an end and descending from the bottom of the
deeper lines some of the pores were up to 2 mm in diameter, though many were much smaller. Tracks left by
decayed roots seem to be the most probable origin of such biopores.
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A’

A

Figure 14. Observed roots (e.g. labelled A) left well defined tracks in the soil surface and correspondingly
dense imprints on the underside of the geotextile (A’).

A

B

C

Figure 15. Dense lines imprinted on the geotextile reflected tracks in the soil surface with sharp, distinct edges
(A). Tracks across the soil which appeared less well defined and shallower (B) were reflected on the fabric
with lines which were less distinct.
Some tracks in the soil had no depth (C) and were visible due to colour variation only.
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Figure 16. Numerous pores in the soil surface were clearly visible to the naked eye (arrows indicate some
examples). Caliper measurement indicated the track width in this example was 2.0 mm.
The mottled appearance of the soil surface (Figures 13, 14, 15 and 16) resulted from colour variation between
the typical red-brown of the local clay-loam and a much paler shade of brown which had settled in slight
depressions on the soil surface. The pale shade was not observed during pavement construction. The
underside of the fabric was discoloured in these areas with the same shade of pale brown, but not in areas
where the soil was red-brown. The top side of the geotextile was similarly discoloured in some locations
where it had been in physical contact with the crushed rock screenings. It is therefore possible that these
paler brown, lower lying areas are sites of deposition of minerals originating on or in the screenings. The
discoloration of these pale areas by root growth and the redness of the lines resulting on the surface show
that the discoloration had merely covered parts of the surface and not penetrated to any depth during the five
years since pavement construction, suggesting fine particulate rather than soluble matter.

Root Development beneath Impermeable Control Pavements
Lifting the paving bricks at conventional impermeable footpath control sites in preparation for root
examination in the subsoil gave an opportunity to investigate shallow root development in the sand bedding
and at the surface of the compacted soil base. Lifting the paving at one site revealed a track resulting from the
growth of a fine root at the interface of the paving brick underside and the top of the sand bedding layer
(Figure 17). Clearly visible in the top of the undisturbed sand layer, root division and taper revealed the
direction of growth was from the adjoining garden toward the road (to the bottom of Figure 17), indicating
that the root was from vegetation in the adjoining garden. No trace of any root material was observed in the
track or under the bricks. Vegetation adjoining the site included Kikuyu turf (Pennisetum clandestinum)
abutting the verge, a 6 m tall Purple-leaved Plum (Prunus cerasifera ‘Nigra’) 6 m from the pavement and a 1 m
tall Privet (Ligustrum sp.) growing 2 m from the site. Nearer the research tree a single very fine root was
observed at the interface between the paving bricks and the sand bedding layer (Figure 18); the right hand
branch of which tracked directly beneath the joints between paving bricks.
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Figure 17. Root tracks were clearly visible in the bedding sand surface beneath
this impermeable control pavement.

Figure 18. At the surface of the bedding sand beneath an impermeable control pavement a single very fine
root was observed. The root originated in the tree planting pit (lower left of image) and tracked across the
bedding layer following the line of the joints between paving blocks.
Excavation at another impermeable control site revealed compacted base aggregate and pieces of asphaltic
concrete (bitumen) pavement material. Surprisingly given the youth of the tree, but not surprising given the
nature of the growing media, shallow root development was observed 1 m south of the tree (Figure 19)
following removal of the bedding sand layer. Between the compacted base and asphaltic concrete below, and
the paving bricks above, the bedding sand layer provided the only suitable medium for root penetration and
growth. Continued radial expansion of these roots would lead to dislodgement of the paving bricks and result
in hazards, increased maintenance requirements and reduced asset life.
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Figure 19. Root development in the sand bedding layer beneath an impermeable control pavement.
Compacted rubble and asphaltic concrete debris thwart deeper root growth, typically resulting in pavement
damaged and reduced asset life. The tree pit was to the upper left of the image.
Excavation of a third impermeable control footpath revealed that no roots from the research tree had
penetrated the bedding sand layer, but roots from a Silver Birch (Betula pendula) in the adjoining garden had
(Figure 20). The base layer at this site was comprised of quarry rubble and the local silty clay, suggesting
minimal excavation at the time of the original concrete block pavement’s construction in 1999. Compaction of
the base layer was standard procedure at that time, which suggests why roots developed across it (Figure 21);
the complete absence of roots penetrating the base material was noted. The two largest roots observed
(Figure 21) were 13 mm in diameter near the footpath edge; at the time of excavation it was noted that their
tips had died, bark had delaminated and decay was evident.

Discussion and Conclusions
Observation has confirmed that tree roots access porous crushed rock base materials beneath permeable
pavements. Fine root growth ascending seasonally into surface soils from larger lateral roots deeper in the soil
profile is normal in natural woodland and forest situations in temperate regions with well-defined wet and dry
seasons; similar growth beneath engineered pavements has not, to the author’s knowledge, been previously
reported. The observed abundance and wide distribution of roots throughout permeable pavement base
materials suggest considerable benefit to trees. Decaying root parts up to 2 mm in diameter showed that in
the crushed rock base material some roots of this size were short-lived. The absence of larger woody roots,
the proximity of the observations to the trees and the five year growth period suggest that Chanticleer callery
pear root growth in permeable pavement base materials is likely to be seasonal and that root death at 2 mm in
diameter or less may be normal under Adelaide’s climatic conditions. The fine root development and evidence
of frequent fine root turnover observed beneath the permeable pavement surfaces shows that more natural
tree root growth and function can be engineered into our cities to achieve better performance of both the
urban forest and the civil engineering.
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Figure 20. After five years of in-situ growth no roots from the research tree were seen in this control
pavement’s bedding sand layer but roots from a Silver Birch in the adjoining garden were clearly visible.

Figure 21. Roots exposed by bedding sand removal had developed horizontally
across compacted base material.
Root tracks observed at the interface of the pavement base materials and the soil further support the view
that shallow root growth was ephemeral in nature. Root tracks in the soil surface and imprinted on the
underside of the geotextile confirm the size and location of successive generations of roots, most of which
were no longer present at the time of observation.
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The five year growth period and the diversity of tracks observed suggest that fine root turnover in this instance
was more rapid than periods of several years observed in some natural systems (Lukac 2011, Tierney and
Fahey 2002), though variation between species (Majdi et al. 2005) and root depths are known, with deeper
roots typically living longer (Joslin et al. 2006).
The numerous biopores linked to root tracks beneath the permeable pavements are significant; they suggest
biologically improved connection of the pavement’s stormwater detention capacity to the water storage
capacity of the underlying silty clay loam. Roots are known to be able to rapidly transport water from zones of
high potential, such as in permeable pavement base materials following rain, to recharge soil moisture at sites
of low water potential through the process of hydraulic redistribution (Neumann and Cardon 2012, Prieto et
al. 2012). When ephemeral roots decompose the resulting biopores would, for a time at least, continue to
support increased water infiltration. No biopores were observed in the compacted soil beneath the
conventional pavement’s sand bedding layer.
Soil compaction is highly undesirable from an arboricultural perspective as it inhibits root penetration (Watson
2011), reduces soil aeration (Watson & Kelsey 2006) and hampers water infiltration. Roots growing in bedding
sand between impermeable pavement surfaces and compacted soil and base materials can therefore, if they
survive, be expected to thicken with time and damage the pavement (Lesser 2001). Considerable care was
taken during construction to avoid compaction beneath the permeable pavements; the pre-existing footpath’s
compacted base was extracted with an excavator to the depth required for the rock screenings base materials.
The successful function of the research pavements since 2009, built on uncompacted subgrade, demonstrates
their serviceability and suggests that soil compaction is unnecessary for permeable pavements bearing light
loads over moderately reactive silty clay loams. Observations further suggest that compaction of permeable
pavement subgrade is detrimental as it reduces surface drainage and soil infiltration capacities. Optimising the
bio-infiltration of stormwater by and in support of urban vegetation for human health, climate change
adaptation, broader environmental and drainage purposes, requires that prolific root growth be encouraged in
appropriate locations, so soil compaction in such areas should be minimised.
The observed interaction of trees and permeable pavements and current financial, environmental and societal
pressures necessitate further investigation of these synergies and the opportunities they present. In semi-arid
and arid zones permeable paving built over uncompacted soils will reduce the incidence of root-related
pavement damage and tripping hazards. Tree and pavement life cycles will be extended. Risk, injury and
related claims will be reduced. These facts will see permeable paving become the standard for footpaths and
other light load applications across semi-arid and arid regions. With increasing understanding of the benefits
and need for urban vegetation and in-situ stormwater management, few reasons will justify the increased lifecycle cost, water management consequences and risks associated with today’s standard impermeable
concrete block paving into the future. Improved infiltration beneath permeable pavements, through tree
roots and biopores taking the water from the soil surface where it may be problematic to deeper in the profile
where it is beneficial, will see trees designed into pavements to improve their hydraulic performance. More
research is needed, but the potential for trees and permeable pavements to be mutually beneficial has been
clearly demonstrated. The widespread use of permeable footpath paving across Adelaide and other semi-arid
and arid areas is overdue; it is needed to retain stormwater in-situ where it will be of greatest human and
environmental benefit. The potential of permeable paving to prolong pavement serviceability and tree life, to
address flooding and stormwater quality issues, to irrigate the urban forest and to reduce risk and expenditure
compels us to consider its more widespread use.

Further Study
The reported observations were made opportunistically whilst conducting related research; they were
restricted to wet and cool winter months of July and August when the trees were in their dormant phase.
Information is not yet available regarding root occupancy of pavement base materials during other seasons.
Further investigation is required to determine long term root growth characteristics. It is hoped that these
observations will encourage further investigations to address such questions as:
• What is the fine root turnover period at the soil/base interface? When does root growth begin and cease
and what are the seasonal growth rates?
• How do water infiltration rates at the interface of base materials and screenings vary between permeable
pavement sites with trees and those without? Do infiltration rates vary between tree species?
• Are mycorrhizas present in the pavement base layer? Could mycorrhizas be successfully introduced into
the base and subsoil through permeable paving?
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•
•

•

•

How much water can trees extract directly from permeable pavement base materials? Might some
materials serve trees and other soil biodiversity better than others?
Silty clay loam has been shown to adequately support permeable footpath pavements without
compaction. What other soil types can support similarly light loads without compaction? Can
uncompacted soils and permeable pavements support loadings sufficient to enable construction of
driveways, car parks and streets?
On the research site’s moderately reactive silty clay loam the permeable pavements have not induced
more or less ground movement than traditional impermeable pavements. How do highly reactive soils
with low hydraulic capacities respond to permeable paving in terms of ground movement, stormwater
infiltration and tree root development?
Permeable pavements reduce the amount of rainfall which reaches the soil surface though interception
by and evaporation from their base materials. What is the optimal base layer composition and depth to
maximise water infiltration for plant use, minimise loading on the soil surface and to still adequately
support the pavement?
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Permeable Pavements and their Influence on Tree Growth
of Melaleuca quinquenervia – A Summary
Jennifer Mullaney, Terry Lucke and Stephen J. Trueman
University of the Sunshine Coast, Sippy Downs, Queensland, Australia

Introduction
Population centres are changing from rural to urbanised areas, with increasing development to create
supportive infrastructure (North et al., 2015). Urbanisation is set to intensify with an estimated increase in
global population of 44% by 2100 (United Nations, 2010). As populations continue to grow and urbanisation
increases to support these communities, permeable land surfaces are being lost to urban development. The
increase in impervious surfaces through the construction of roofs, pavements and roads creates an increase in
urban runoff and increases the potential for downstream flooding and pollution. Urban areas also place
increasing pressures on urban green spaces including street trees.
Trees are no longer viewed only for aesthetic purposes but are now increasingly being appreciated for the
many environmental and economic benefits they provide. Trees are now considered valuable assets, with
benefits including increased air quality (Tallis et al., 2011), stormwater attenuation (Seitz and Escobedo, 2011),
noise reduction (Lohr et al., 2004), mitigation of the urban heat island effect (Gago et al., 2003), increased
property values and energy savings (Donovan and Butry, 2010). Our towns and cities are more liveable through
the shade provision, calming effects and aesthetics that trees provide. However, trees face increasing
challenges within an urban environment.
Tree growth in urban areas is typically less than that of equivalent trees in a more natural environment (Buhler
et al., 2007). Soils in urban areas can be highly altered from the natural greenfield state, largely as a result of
human disturbance and activity (Watson et al., 2014). Street tree growth is constrained by the limited soil
volume available for root growth and by reduced water and nutrients available under impervious urban
surfaces (Mullaney et al., 2015a). Soil space in urban areas is limited by utilities and soil is often of poor quality
and heavily compacted in the construction space, decreasing the amount for void space into which tree root
tips can grow. Impervious surfaces surrounding tree pits affect street tree growth when water is restricted
from infiltrating the soil where it can be accessed by tree roots. Impervious surfaces can also increase the soil
temperature, particularly in the upper layers, which can reduce root growth and kill tree roots, particularly if
temperatures exceed 40°C (Kozlowski, 1984; Ingram et al., 1989). Tree health and condition decrease as the
distance between the tree trunk and the pavement decreases (North et al., 2015). When trees are less than 3
m from the pavement, the probability of conflict between the pavement and tree is increased (Sydnor et al.,
2000). Trees planted in larger tree pits with a smaller area of impervious surface can be taller with a larger
diameter at breast height (DBH) than trees planted at sites with a larger area of impervious surface (Close et
al., 1996a, b; Grabosky and Gilman, 2004; Rahman et al., 2013).
A paradigm shift in the management of urban infrastructure is required to enable trees and urban areas to
exist in harmony (North et al., 2015). The management challenge for street trees in urban areas is to provide
an environment that functions like a natural environment, even though its appearance will be different
(Watson et al., 2014). One approach to making the soil beneath impervious surfaces more conducive to street
tree growth and survival, whilst maintaining the pavement structure and purpose, is the use of permeable
pavements (Volder et al., 2009; Morgenroth and Visser, 2011; Mullaney et al., 2015a, b). Permeable
pavements are commonly utilised to manage stormwater quality and restore infiltration rates but their ability
to permit the exchange of water and oxygen into the soil can potentially also provide optimum growing
conditions for street trees.
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WSUD and Permeable Pavements
Urban stormwater discharge often contains high levels of pollutants such as sediment, nutrients, soil and
heavy metals, which can have a negative impact upon downstream water quality and ecosystem health
(Deletic and Orr, 2005; Shaffer et al., 2009). Appropriate stormwater management strategies are required to
mitigate increased runoff volumes and the associated pollutants in urban areas. Many water management
strategies are now being designed to comply with Water Sensitive Urban Design (WSUD) principles that
embrace integrated water and land management practices and offer opportunities to mitigate adverse effects
of urban stormwater runoff (Argue, 2004; Lucke, 2011; Mullaney and Lucke, 2014). WSUD management
strategies include both vegetated measures such as swales, bioretention basins and wetlands, and nonvegetated measures such as permeable pavements, gross pollutants traps and settlement ponds. Highly
urbanised areas generally have restricted space and so potential stormwater treatment systems should ideally
fit within the urban area without an increase in land uptake. Permeable pavement systems have become a
popular WSUD solution to reduce the burden of urban runoff and restore the infiltration and hydraulic
functions of natural systems. Permeable pavements are specifically designed to promote the infiltration of
stormwater through the paving structure, where it is filtered through the various pavement layers. The storage
capacity of the permeable pavement structure can help to reinstate the infiltration capability and restore the
natural hydrological cycle of urban areas where space for vegetation is limited or unavailable.

Street Trees and Permeable Pavements
The potential for permeable pavements to improve tree growth has recently been investigated (Volder et al.,
2009; Morgenroth and Visser, 2011, Mullaney et al., 2015a, b). Permeable pavements may reduce the belowground stress experienced by trees in urban areas by permitting water and oxygen to infiltrate into the subsoil. The removal of an impermeable barrier, whilst maintaining structure, can potentially improve growing
conditions for roots and reduce water and nutrient shortages for trees. Porous concrete pavement increased
the height, DBH and root biomass of Platanus orientalis trees, when compared with an impervious concrete
surface (Morgenroth, 2011; Morgenroth and Visser, 2011). In contrast, porous concrete pavements did not
affect the DBH of Liquidambar styraciflua trees, when compared with impervious concrete pavement plots
(Volder et al., 2009). A further approach to realise the benefits of permeable pavements is to change the
moisture profile under the permeable pavement by installing an underlying base layer (Mullaney et al., 2015a).
These layers may improve root growth by increasing the water storage capacity of the pavement system
(Lucke and Beecham, 2011; Viswanathan et al., 2011). Stormwater can be effectively captured and stored
within the base layer, allowing it to infiltrate into the sub-soil at a slower rate than natural conditions. The
periodic drying of the base layer may also suppress shallow root growth, encouraging roots to grow deeper
into the sub-soil where moisture and temperature levels are more stable (Mullaney et al., 2015a). This paper
discusses the findings of a research project underway at the University of the Sunshine Coast (USC),
Queensland, Australia, which aims to assess and quantify the long-term performance of permeable pavements
with a base layer in improving street tree growth.

USC study
Study Design
The aim of the research at USC was to investigate whether permeable pavements with varying depths (0, 100
or 300 mm) of underlying aggregate base layer (Figure 1) could improve soil conditions and increase growth of
broad-leaf paperbark (Melaleuca quinquenervia) trees compared with trees growing in conventional asphalt
pavements over two soil types (sand and clay). Thirty-two pavement research plots were installed in October
2012 at the University of the Sunshine Coast, Queensland, Australia (26°43’S, 153°04’E), as described by
Mullaney et al. (2015a). The research site replicated an urban street environment with a car park on one side
and grass edging on the other (Figure 2). Daily rainfall and daily mean air temperatures for the study period
were recorded by a weather station at Sunshine Coast Airport, 13 km along the same coastal plain from the
study site.
The research tested whether permeable pavements with different depths of underlying base layer had an
effect on the following variables compared with a control asphalt pavement: (1) soil moisture and temperature
at two depths within the soil; (2) tree growth, specifically tree height and tree trunk diameter; (3) leaf nutrient
concentrations; (4) tree ecophysiological status, including photosynthesis (A1400), concentration of carbon
dioxide at the carboxylation site in the leaf (Ci), stomatal conductance (gs), intrinsic water use efficiency (iWUE)
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and total nitrogen (TN), which provide an immediate picture of tree responses to nitrogen and water
availability, and leaf and soil δ15N and δ13C, which provide a retrospective longer-term picture of nitrogen and
water use by trees.

Figure 1 - Four study treatments

Figure 2 - USC street trees

Methods
Four replicates of each of the four designs were constructed in both a sandy-loam soil (‘sand’) and a clay-loam
soil (‘clay’) to give a total of 32 tree-plots. Each of the tree planting pits was 0.6 m × 0.6 m within the centre of
each 3 m × 3 m paving plot. Thirty-two saplings of broad-leaf paperbark, Melaleuca quinquenervia
(Myrtaceae), with mean (±S.E.) height of 1.88 ± 0.09 m, were randomly assigned to the plots and planted
within the tree planting pits in October 2012, as described by Mullaney et al. (2015a). Tree growth (height and
DBH) and leaf nutrients were measured at 6, 12 and 18 months after planting, using methodology as detailed
in Mullaney et al. (2015a). Soil moisture and temperature was measured at two different depths within the
soil, 50 mm and 500 mm below the pavement structure surface, using ECH2O 5TM probes (Decagon Devices,
Inc.) (Mullaney et al., 2015a). Gas exchange measurements were conducted on all 32 trees at 6, 12 and 18
months after planting (April 2013, October 2013 and April 2014) (Mullaney et al., 2015b). Photosynthesis was
measured using a portable photosynthesis system (Model LI-6400, LI-COR Biosciences, Lincoln, NE).
Parameters obtained were leaf photosynthesis at 1,400 µmol m-2 s-1 PAR (A1400), CO2 concentration at the
carboxylation site (Ci) and stomatal conductance (gs). Intrinsic water use efficiency (iWUE) at leaf level was
determined as A1400/E (µmol mmol-1), where E was the transpiration rate (Farquhar and Richards, 1984). The
samples used for photosynthesis were then assessed for total nitrogen concentration (TN) and N and C isotope
composition (δ15N and δ13C) as described by Prasolova et al. (2000) and Xu et al. (2003).
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Results and Discussion
Permeable pavements with underlying base layers increased moisture levels in drier sandy soil and decreased
moisture levels in wetter clay soil (Figures 3 and 4). These moderating effects on soil moisture increased as the
depth of the aggregate base layer increased. Moisture levels in sandy soil increased slightly beneath
permeable pavements during and after rainfall events (Figure 3). The decline in soil moisture levels during the
subsequent drying period was reduced by the inclusion of a base layer beneath the paving surface, suggesting
that water was stored in the base layer before being released into the freely-draining sandy soil (Figure 3).
Moisture levels in clay soil under asphaltic concrete pavements and permeable pavements with no base layer
increased greatly after rainfall events and the soil became heavily waterlogged (Figure 4). Heavy waterlogging
did not occur in clay soil when a base layer was installed under the permeable pavement. This suggested that
water was retained for an extended period after rainfall within the base layer and it did not infiltrate rapidly
into the poorly-draining clay soil. The results therefore confirmed that base layers can increase the water
holding capacity of a permeable pavement system. However, it also showed that their effects on soil moisture
levels were dependent on the drainage characteristics of the underlying soil (Lucke and Beecham, 2011;
Viswanathan et al., 2011).

Figure 3 – Mean daily volumetric water content of sandy soil at 500 mm below the different pavement types.
An average is provided of the four pavement plots per treatment.
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Figure 4 – Mean daily volumetric water content of clay soil at 500 mm below the different pavement types.
An average is provided of the four pavement plots per treatment.
Permeable pavements decreased soil temperatures beneath the paving surfaces (Figures 5 and 6). The base
layer appeared to provide a degree of insulation against high temperatures, with the insulation effect
increasing as the depth of the base layer was increased. The provision of lower root-zone temperatures may
decrease thermal damage to roots during summer.

Figure 5 – Mean daily soil temperature of sandy soil at 500 mm below the different pavement types. An
average is provided of the four pavement plots per treatment.
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Figure 6 – Mean daily soil temperature of clay soil at 500 mm below the different pavement types. An
average is provided of the four pavement plots per treatment.
Permeable pavements did not affect tree growth significantly in the freely-draining sandy soil, when compared
with asphaltic concrete control pavements (Table 1). However, tree DBH in sandy soil was 65% greater using
permeable pavements with no base layer than using permeable pavements with a shallow base layer
(Mullaney et al., 2015a). Therefore, the inclusion of a base layer may not be optimal for tree growth when
permeable pavements are installed over freely-draining soils.
Permeable pavements did affect growth greatly when trees were planted in the wetter clay soil (Table 2). In
this soil type, permeable pavements with the deeper base layer increased DBH growth by between 55% and
73% compared with the other three treatments. Trees planted in permeable pavements without a base layer
over clay soil had a reduced height increment of 37% to 38% compared with trees that were planted in
permeable pavements with a base layer (Mullaney et al., 2015a). The base layer again acted as a water
reservoir although it did not appear to release moisture into the clay soil after rainfall. Instead, it prevented
waterlogging in this soil. These results demonstrate that inclusion of a base layer may be important for tree
growth when permeable pavements are installed over poorly-draining soils.
The different effects of the pavement treatments on tree growth in sandy and clay soils, therefore, reflected
their different effects on moisture levels in the two soil types. The study results supported those of
Morgenroth and Visser (2011), who found that growth of Platanus orientalis trees in a well-drained sandy soil
was not improved significantly with the use of porous concrete pavement with a 200 mm base layer. They also
help to explain the results of Volder et al. (2009), who found that the use of porous concrete pavement
without a base layer did not improve the growth of Liquidambar styraciflua trees planted in clay soil.
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Table 1 Height and DBH increment of Melaleuca quinquenervia trees in sandy soil

Pavement Type
PP
PP-100

AC

PP-300

Mean

SE

Mean

SE

Mean

SE

Mean

SE

63a
116a
192a

9
4
13

58a
108a
171a

3
2
7

46a
92a
138a

9
13
16

74a
114a
189a

11
8
11

7.7a
16.8ab
33.1ab

2.5
4.2
1.2

12.8a
20.9a
42.8a

1.3
2.4
5.5

9.3a
12.8b
26.7b

1.0
0.9
1.4

5.5a
12.3b
33.1ab

2.2
0.5
2.1

Height (cm)
6 months
12 months
18 months
DBH (mm)
6 months
12 months
18 months

*Means with different letters within a time point are significantly different (ANOVA and l.s.d test,
P<0.05, n=4)
Table 2 Height and DBH increment of Melaleuca quinquenervia trees in clay soil

AC

Pavement Type
PP
PP-100
Mean
SE
Mean
SE

PP-300
Mean
SE

Mean

SE

53a
84a
154ab

5
8
19

50a
81 a
111b

5
6
11

59a
93a
186a

8
10
19

79a
104a
179a

9
6
3

6.7a
12.9a
29.2 b

0.8
2.2
3.5

7.4a
12.3a
26.5b

0.8
1.5
3.5

17.1a
16.1a
29.8b

7.9
6.5
5.8

12.2a
17.2a
45.0a

2.6
2.9
5.2

Height (cm)
6 months
12 months
18 months
DBH (mm)
6 months
12 months
18 months

*Means with different letters within a time point are significantly different (ANOVA and l.s.d test,
P<0.05, n=4)
Leaf nutrient concentrations generally did not differ significantly between pavement treatments (Tables 3 and
4). Nutrient concentrations were generally high and commensurate with concentrations in nursery plants of
other species from the same family (Cunha et al., 2009; Trueman et al., 2013). However, K concentrations
were comparatively low, and some differences in the growth of Melaleuca quinquenervia trees among
pavement treatments were reflected in differences in leaf nutrient concentrations (Tables 3 and 4). In
particular, improved growth of trees in permeable pavements with increasing depths of base layer over clay
soil was associated with increased leaf concentrations of three major cationic elements, K, Mg and Na (Table
3). Leaf K concentrations were often lower for trees growing in clay than in sandy soil, and the inclusion of a
deep base layer above the clay increased leaf concentrations of K and Mg (Table 4). The use of a deep base
layer above clay soil also increased leaf S concentrations (Table 4). Plants take up S as sulphates under aerobic
conditions and waterlogging can cause the production of sulphides, making S less available to the plant
(Maathuis, 2009). This again highlighted that inclusion of a base layer was important for preventing
waterlogging, maintaining tree growth and optimising nutrient uptake when permeable pavements were
installed over poorly-draining soils.
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Table 3 Leaf nutrient concentrations of Melaleuca quinquenervia trees in sandy soil

AC

Pavement Type
PP
PP-100
Mean
SE
Mean
SE

PP-300
Mean
SE

Mean

SE

6 months

1.377a

0.049

1.332a

0.092

1.121a

0.115

1.243a

0.103

12 months

1.262a

0.049

1.273a

0.037

1.190a

0.041

1.129a

0.075

18 months

1.599a

0.056

1.567a

0.009

1.237b

0.094

1.323b

0.097

6 months

0.216a

0.078

0.177a

0.027

0.188a

0.029

0.165a

0.014

12 months

0.165a

0.016

0.174a

0.014

0.163a

0.016

0.183a

0.017

18 months

0.282a

0.095

0.256a

0.022

0.333a

0.054

0.255a

0.009

6 months

0.972a

0.085

1.052a

0.120

0.756a

0.106

1.023a

0.049

12 months

0.777a

0.090

0.825a

0.073

0.694a

0.182

0.711a

0.038

18 months

0.934a

0.102

0.815a

0.078

0.681a

0.131

0.978a

0.021

6 months

1.164a

0.134

1.185a

0.055

1.249a

0.198

1.476a

0.102

12 months

0.811a

0.082

0.975a

0.069

0.885a

0.132

1.324a

0.215

18 months

1.198b

0.119

1.420ab

0.076

1.864a

0.265

1.875a

0.103

6 months

25.870a

3.240

26.406a

1.965

16.649b

1.872

12 months

19.862a

3.850

20.734a

3.260

13.155a

1.729

21.899a
b
16.193a

18 months

64.264a

5.583

45.704b

4.854

27.258c

1.773

27.175c

2.516

6 months

0.241a

0.017

0.260a

0.032

0.231a

0.026

0.235a

0.027

12 months

0.247a

0.009

0.262a

0.010

0.212a

0.016

0.235a

0.029

18 months

0.547a

0.028

0.548a

0.034

0.418b

0.040

0.365b

0.031

6 months

0.193a

0.025

0.206a

0.017

0.215a

0.051

0.235a

0.015

12 months

0.180a

0.020

0.171a

0.003

0.219a

0.012

0.191a

0.024

18 months

0.282a

0.034

0.266a

0.015

0.259a

0.028

0.301a

0.003

6 months

0.195a

0.036

0.190a

0.026

0.202a

0.040

0.254a

0.031

12 months

0.204a

0.016

0.246a

0.018

0.183a

0.025

0.251a

0.015

18 months

0.661a

0.056

0.640a

0.025

0.663a

0.095

0.647a

0.027

Nitrogen (%)

Phosphorus (%)

Potassium (%)

Calcium (%)

Boron (mg/kg)
2.396
2.186

Magnesium (%)

Sodium (%)

Sulphur (%)

*Means with different letters within a time point are significantly different (ANOVA and l.s.d test,
P<0.05, n=4)
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Table 4 Leaf nutrient concentrations of Melaleuca quinquenervia trees in clay soil

AC

Pavement Type
PP
PP-100
Mean
SE
Mean
SE

PP-300
Mean
SE

Mean

SE

6 months

1.276a

0.092

1.358a

0.057

1.154a

0.025

1.307a

0.120

12 months

1.011a

0.050

1.147a

0.093

1.250a

0.074

1.212a

0.109

18 months

1.584a

0.201

1.099a

0.153

1.448a

0.049

1.453a

0.039

6 months

0.150a

0.024

0.119a

0.005

0.126a

0.009

0.112a

0.013

12 months

0.075a

0.009

0.081a

0.013

0.094a

0.011

0.106a

0.018

18 months

0.142a

0.022

0.101a

0.032

0.137a

0.026

0.158a

0.029

1.009a

0.026

0.999a

0.119

1.014a

0.044

0.813a

0.121

12 months

0.392c

0.038

0.612b

0.054

0.588b

0.027

0.871a

0.094

18 months

0.500b

0.099

0.560b

0.067

0.764ab

0.128

0.946a

0.094

6 months

1.182a

0.082

1.009a

0.047

1.000a

0.075

1.072a

0.084

12 months

1.055a

0.047

0.881a

0.069

0.947a

0.098

0.993a

0.055

18 months

1.669a

0.273

1.426a

0.082

1.387a

0.121

1.521a

0.132

6 months

25.846a

3.137

25.570a

1.190

0.967

26.546a

1.521

12 months

18.215b

1.643

17.602b

0.920

2.502

25.843a

1.588

18 months

37.128a

2.525

33.602a

4.897

22.464a
21.077a
b
40.628a

4.312

42.143a

1.965

6 months

0.266a

0.007

0.254a

0.010

0.242a

0.012

0.250a

0.012

12 months

0.251a

0.019

0.237a

0.017

0.233a

0.011

0.304a

0.026

18 months

0.524a

0.017

0.380c

0.014

0.444b

0.022

0.491ab

0.025

6 months

0.194a

0.014

0.204a

0.047

0.226a

0.035

0.225a

0.012

12 months

0.143b

0.015

0.120b

0.013

0.117b

0.011

0.184a

0.013

18 months

0.148a

0.020

0.152a

0.035

0.196a

0.022

0.236a

0.029

6 months

0.179a

0.025

0.147a

0.004

0.143a

0.006

0.170a

0.006

12 months

0.169ab

0.002

0.144b

0.013

0.150b

0.007

0.191a

0.014

18 months

0.618a

0.019

0.394c

0.040

0.459bc

0.024

0.505b

0.044

Nitrogen (%)

Phosphorus (%)

Potassium (%)
6 months

Calcium (%)

Boron (mg/kg)

Magnesium (%)

Sodium (%)

Sulphur (%)

*Means with different letters within a time point are significantly different (ANOVA and l.s.d test,
P<0.05, n=4)
There had been little previous research on the ecophysiological responses of urban trees to the soil conditions
provided by permeable pavements. This study identified that permeable pavements often did not affect the leaf
gas-exchange and water use variables, A1400, Ci, gs and iWUE, of Melaleuca quinquenervia trees on individual
days (Mullaney et al., 2015b). These variables did not correlate with tree growth during the first 12 months after
planting. In sandy soil, growth varied little between pavement treatments during the initial 12 months, although
permeable pavements with no base layer did provide greater trunk-diameter growth than permeable
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pavements with a base layer (Mullaney et al., 2015a).
The low levels of leaf δ15N of trees in permeable pavements with a shallow base layer above sand may explain
their low initial growth. Leaf δ15N was correlated with tree growth in both soil types during the first 12 months
of the study (Mullaney et al., 2015b). Leaf TN was also correlated with tree growth in clay soil. These results
indicate that nitrogen cycling rates (and leaf nitrogen concentrations over clay soil) are important determinants
of Melaleuca quinquenervia tree growth during establishment in pavement plots.
The relationships between the ecophysiological variables and tree growth differed during two different treegrowth phases. Tree growth was slow during tree establishment (up to 12 months after planting) compared with
a subsequent period of more-rapid growth (12 months after planting). Tree growth was correlated to leaf δ15N
in the first 12 months after planting. However, at 18 months after planting, tree growth in clay soil was
positively correlated with A1400, Ci and gs and negatively correlated with leaf δ13C, but it was not correlated with
leaf δ15N. Trees planted within permeable pavements with the deeper base layer had lower leaf δ13C at 18
months than trees within permeable pavements without a base layer, suggesting that they had preceding
periods of higher gs. The study, therefore, identified that permeable pavements with different depths of base
layer sometimes influenced the nitrogen and water relations of Melaleuca quinquenervia trees. The
ecophysiological results (Mullaney et al., 2015b) supported the conclusions in Mullaney et al. (2015a) that the
installation of base layers was required to prevent waterlogging and sustain tree growth when permeable
pavements were installed over poorly-draining soils.

Conclusions
The benefits provided by urban street trees have been well documented in previous studies although urban
trees often have higher mortality than trees in more natural environments (Buhler et al., 2007; Lawrence et al.,
2012). Installation and maintenance of street trees can often be challenging due to the ever-increasing areas of
impervious surface resulting from urbanisation. Tree growth in urban environments is often limited by the
volume of penetrable soil available to meet the water and nutrient demands of the tree (Lindsey and Bassuk,
1992). Impervious surfaces, including block pavers, concrete or asphalt, also effectively seal the surface and
prevent the infiltration of water, oxygen and nutrients into the soil.
The findings of this research study demonstrate that appropriately designed permeable pavements can improve
tree growth in urban environments. Tree growth significantly increased with the inclusion of a base layer when
trees were growing in clay soil. However, the inclusion of a base layer can cause sub-optimal tree growth in
freely draining sandy soil. The research identified that pavement designs can improve soil conditions and
increase tree growth in urban environments. Installing permeable pavements in an urban street, surrounding a
tree, can reduce the costs associated with tree mortality and pavement maintenance, while the trees will
continue to provide environmental, economic and social services. Urban landscape designers and engineers can
employ these designs in urban street-scapes to effectively meet design criteria and improve natural streetscape
aesthetics.
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Using Water Sensitive Urban Design to Green Our Streets
Robin Allison, Director
DesignFlow

Water sensitive urban design (WSUD) is a means of using water to mimic natural process of retaining, filtering
and infiltrating stormwater near to where it falls. This approach promotes the capture and use of water to
support healthy vegetation in streetscapes and constrained urban areas.
Urban stormwater used to support healthy vegetation also helps to promote green infrastructure and
ultimately improve liveability. By-products are improved amenity, less and better quality stormwater runoff,
reduced urban heat island effects and a landscape that responds to its natural climate.
WSUD can be applied in almost any urban situation, including mild grades, contaminated soils and limited
spaces – using clever design.
Engineers now have the tools available to implement WSUD and design disciplines now need to appreciate the
flexibility of WSUD and insist on incorporation into street designs for community and environmental benefits.
Examples and design guides can be found at:
www.designflow.net.au
www.watersensitivesa.com
www.healthywaterways.org/initiatives/waterbydesign
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Water Sensitive Urban Design
- opportunities within private and public greenspace
Mellissa Bradley
Water Sensitive SA

Introduction
State government priorities and strategies seek healthier neighbourhoods with greater walkability, safe
communities, urban microclimate management (particularly under a future warmer climate), and the creation
of community spaces that are engaging and create a sense of place for the people who live there.
It comes as no surprise that green spaces are integral to the achievement of all of these objectives, and we
need urban design that better integrates water – water sensitive urban design - to sustain these green spaces.
The challenge then is how to translate these broad objectives into practical solutions that add value to private
and community spaces.
The proposed urban design code under the Planning Reform could, if a truly holistic approach is taken, set the
benchmark for more liveability, resilient, sustainable and productive communities, under both urban renewal
and greenfield growth scenarios. This will, however, need a commitment to incorporate design outcomes to
deliver across all lifestyle objectives.
With private green spaces diminishing, we are increasingly turning to the public realm to provide our
connection with nature, shade for microclimate benefits, and passive and active recreation. With such high
expectations, our existing and emergent dedicated greenspaces will have to work harder to provide multiple
benefits that also include flood mitigation and stormwater treatment.
In established suburbs targeted for urban infill, the streetscape and existing paved areas such as community
car parks will need to be modified to offset the impacts of additional runoff, in terms of both pollution (quality)
and flood risk (quantity). A burden perhaps – or an opportunity to redefine how we revitalise our suburbs?
We should not be resigned to forgoing opportunities on private land to contribute to quality greenspaces that
are able to provide ecosystem services to cleanse and store stormwater runoff and better sustain vegetation.

Background
There is wide consensus that urban infill represents a sound planning policy measure to protect both quality
agricultural areas and biodiverse tracks of land at Adelaide’s urban fringe, while delivering savings in
infrastructure costs. The 30 Year Plan for Greater Adelaide, currently under review, aims to deliver 70% of new
housing stock from infill development and the remaining 30% from greenfield sites (Government of South
Australia, 2010). This translates to an estimated 258,000 net additional dwellings in Greater Adelaide (including
Murray Bridge) to provide for a population increase of 560,000 by 2040.
Green space in private allotments has decreased in recent years due to a downward trend in median allotment
sizes in both infill and greenfield developments: 375 m2 in 2011-13 compared with 520m2 2002-03 (UDIA,
2013)
Councils within the greater metropolitan area have dedicated significant resources in recent years to
investigate the opportunities this growth offers to their communities and the challenges that this targeted
growth presents for infrastructure management, and in particular how we manage urban runoff.
The state government issues paper, Transitioning Adelaide to a water sensitive city , Towards an Urban Water
Plan for Greater Adelaide and the South Australian Water Sensitive Urban Design Policy (2013) set a
framework and principles for SA to set a pathway towards a water sensitive city (or community), and with
recognition that the achievement of this goal is through the adoption of water sensitive urban design, the role
of green space to provide ecosystem services for stormwater treatment and storage is now evident.
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Projections for changes in imperviousness (paved areas)
Considering the case study of the City of Marion and City of Holdfast Bay, 1347 hectares of Council’s land is
located within the areas targeted for urban growth. Investigations into the future development potential
indicate that 89% (Jensen Planning + Design 2011) of this area will potentially be covered in impervious
surfaces (including road reserves). As a means of comparison, the existing suburbs with traditional sized
residential blocks (>600m2) consist of up to 65% impervious surfaces.
Council has developed a stormwater management plan to address the increased stormwater run-off from the
estimated increase in impervious surfaces and will seek amendment to their development plan to give effect
to the stormwater management plan with a key driver being flood risk.

Designing our suburbs
When designing our suburbs, the ability to deliver multiple benefits from both private and public green space
will be enhanced by adopting a few basic principles.
The hierarchy of the roadway will influence the opportunities as wider collector roads provide opportunities
for stormwater treatment within the centre medians of collector roads. Within the streetscape variation of
verge widths, by providing one narrow verge and one wide, this design can afford sufficient space within the
wider verge for bioretention systems and other WSUD treatments. Randolph Avenue, Fullarton, while a
retrofit, demonstrates how a wider verge has not only enabled the inclusion of a series of 10 large raingardens
and 33 street trees, once established the project will provide unique shade refuges with spaces for the
community to interact.
Councils are recognising the traditional traffic calming devices that increase the width of the road verge in kerb
blisters to constrict traffic can provide multiple benefits through the introduction of WSUD features such as a
raingardens. Examples of this include Tarragon Street, Mile End within the City of West Torrens and Hindley
Street, Adelaide within the City of Adelaide.
Streetscape bioretention systems will become increasingly popular as a means to provide greening of the
landscape, however, a shift in practice will be required from the current approach to species selection of low
lying sedges, shrubs and groundcovers to the incorporation of trees, to deliver greater microclimate benefits.
Maude Street, Unley, has a narrow two-way carriageway with no parking lanes that would typically almost
double the impervious area of the road reserve. Parking is, however, provided within the road verge as part of
a shared pedestrian/parking scheme. Vehicle parking bays are delineated with permeable paving.
The allotment configuration for the Lochiel Park urban infill development by Renewal SA within the City of
Campbelltown provides narrow allotments with vehicular access from a rear lane. The front streetscape is
then free of driveway cross overs, providing space for an array of bio-retention systems. Entry avenues into
the sub-division provide biofiltration swales within centre medians where stormwater runoff flows uniformly
into the kerb-less swales, reducing the likelihood of erosion as flow concentration points are limited.

Retrofit
In the future, we will need to increasingly look to road space for the creation of open space and stormwater
treatment options within existing suburbs. Both Albert Park Secondary School, Foote Street Park (VIC and
Unley Primary School (SA) have gained more open space via road closures, facilitating greater stormwater
infiltration, to create a shared park for the school and the community.

Solutions at allotment scale
Limited space on private allotments mean that any water sensitive urban design measure needs to provide
multiple benefits. On-site detention has been the stormwater management (runoff discharge rates) solution
for single dwellings and large developments historically. While they are effective at restricting stormwater
discharge rates to the required pre-development levels, assuming they are maintained, e.g. pumps, they
provide no direct benefits to the individual household. Providing a solution that delivers multiple benefits is
more likely to be embraced by the community.
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Balance in the urban water cycle
(infiltration to groundwater)

Water conservation

Green space for amenity,
urban cooling and recreation

Water quality treatment

Runoff retention
Detention tank

√
√

Retention tank (indoor re-use)
Reduced building footprint (2 storey)

√

Permeable pavements

√

Raingarden

√

√√√

√
√

√√

√

Table 1.0 Allotment scale solutions for low impact development (adapted from Water by Design 2014)
For those areas specified as being subject to the Residential (Full) Development Code, a roof area of 60% of
the site is permitted (Jensen Planning + Design 2011). Minimum requirements for private open space for
allotments less than 300m2 is 24m2 (8%). For narrow allotments, any green space in the front of the property is
generally not of a sufficient size to be used for recreating, nor would a landowner generally plant a lawn as it
would be hard to justify owning a lawnmower to services the space (nor would there be space on the
allotment to store a lawnmower). This space, which may be as small as 4-8 square metres, could readily be
dedicated as a raingarden to treat and store overflow from a rainwater tank or direct from a downpipe.
A number of proprietary products exist that enable the storage of rainwater aboveground in a garden setting
and also add value as both a storage facility and a planter box.
Water Sensitive SA is working with our partners to develop a tool for on-line stormwater assessment that will
enable a developer to optimise their stormwater management solution to retain discharge rates to
predevelopment levels. The tool will give the applicant flexibility in providing a solution that suits their needs
and any site constraints. The contribution of impervious areas to maintaining the stormwater discharge rates
from the site will be recognised within the tool, together with solutions including onsite detention, onsite
retention for indoor use (plumbed to toilets, laundry and hotwater services) and raingardens that treat and
store runoff from paved surfaces and overflow from rainwater tanks.
Maximising the impervious areas may include simple measures such as using permeable pavements for
carparks, driveways and pathways around the allotment; however, a low impact designs can include reducing
the overall footprint of the home. A design that configures the building floor area over two storeys rather than
one can provide more green space and less impervious areas (Water by Design 2014).
The target dwelling density for the proposed transit oriented developments with the City of Holdfast Bay and
City of Marion is 60-120 dwellings per hectare (Jensen Planning + Design 2011), compared with the current
density of 15 dwellings per hectare represents a genuine opportunity to develop high quality multi-functional
open space. High-density development will not only achieve targets for maximising use of public
transportation, but represents an opportunity to provide greater areas of open space for stormwater
management contributing to healthier vegetation, if a water sensitive approach to design is taken. Infill, at all
scales, should be encourage to go up instead of out and the areas that would otherwise have consisted of
impervious roofs, should be reserved for dedicated greenspace and other pervious surfaces.

Opportunities for the future
Raising awareness amongst decision makers and the community of the values of both private and public green
space beyond passive or active recreation is key – for example, the importance of impervious spaces as a
means to facilitate infiltration to groundwater and address the imbalance in the urban water cycle.
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Raingardens as streetscapes solutions to stormwater management and treatment requirement are appearing
in the urban landscape with greater frequency. Guidance for practitioners regarding raingarden species
selection is an area for future peer-to-peer learning to ensure that plantings perform the required stormwater
treatment function, are resilient and provide high amenity values.
Integration of street trees in combination or in association with raingardens in the streetscape would extend
the community benefits beyond environment protection and increase overall site amenity.
At the allotment scale the new urban design code could provide greater flexibility than the current Residential
Code to allow for building floor areas to be configured over two storeys in order to provide more yard and less
impervious area. Stormwater management performance requirements need to be included in the criteria for
assessment within the urban design code, featuring one or a combination of the following solutions: Rainwater
tanks, overflow from rainwater tanks, runoff from impervious surfaces to raingardens and/or maximisation of
impervious areas. The proposed on-line stormwater assessment tool will assist applicants to optimise solutions
given the site constraints.
A key driver for these changes will be the adoption of the SA WSUD policy within Development Plan of greater
metropolitan Adelaide Councils and the regions.

References
DEWNR, 2013, Water sensitive urban design Creating more liveable and water sensitive cities in South Australia
– referred to as the SA Water Sensitive Urban Design Policy.
DEWNR, 2014, Transitioning Adelaide to a water sensitive city, Towards an Urban Water Plan for Greater
Adelaide. Issues paper.
Government of South Australia, 2010, The 30-Year Plan for Greater Adelaide.
Jensen Planning + Design, 2011, Stormwater Management Plan: Cities of Holdfast Bay and Marion, Discussion
Paper: Development Potential within the Catchment.
Water by Design, 2014, Off-site Stormwater Quality Solutions Discussion Paper (version 1), Healthy Waterways
Ltd. Brisbane.
Urban Development Institute of Australia, 2013, State of the Land Report 2013.

The 16th National Street Tree Symposium 2015

104

Trialling Paved Surface Treatment
as a Solution for Improved Tree Health
Russell King
City of Mitcham

Abstract
In recent years Councils have been installing permeable paved surfaces for their carparks, however the initial
capital cost and installation time is often considered a negative and perhaps a detractor from larger uptake
around the State. Adelaide Hills Council have recently completed a permeable paved surface on a low volume
side road and carpark in Druid Ave that when considering the whole of life costs were a better economic
option, and were able to be constructed through the worst of winter, when road construction would not
otherwise be possible, particularly in the Adelaide Hills where the window for construction is very narrow
(November to March).

Druid Ave Stirling Permeable Paving
Druid Ave Stirling is a major collector in the heart of the Stirling village that is also home to the Stirling markets
that are held monthly. The street is characterised by a number of historic oak trees along its length. The road is
sealed in bitumen for its full width, including a side road and then solid paved footpath each side allowing
almost no stormwater infiltration to the underlying soil.
The 2012 the Council had a condition audit undertaken on the Oaks and identified that a number were at the
end of their life, and many others were in serious decline. A strategy was developed for their replacement,
corrective pruning, and installation of an irrigation system throughout the street. The cost to install irrigation
to the southern side to service the side road and two rows of Oaks was quoted at $20,000 alone.
In 2013 engineering identified that the side road of Druid Ave was requiring a reconstruction due to failed seal
and pavement and a number of drainage issues causing inundation in even minor rain events and requiring
stall holders to seek alternate locations during market days.
It was estimated the reconstruction of the roadway would cost:
1.
2.
3.
4.
5.

Excavate and remove existing seal and base
Construct subgrade and sub-base and compact to 95% compaction
Install 250mm thick rubble base and compact to 98%
Install 30mm asphalt seal with under 7% air voids (impermeable)
Drainage pit and kerbing upgrades

$55/m2
$17.50/m2
$36.75/m2
$15/m2
$15,000

Over the approximate 1,000m2 area of the side road the cost estimate was $124,250, with some cost savings
to the irrigation achievable if done at the same time, and a total cost of $155,000.
In discussions with the arborist some of the problems with the proposed reconstruction in relation to the
health of the Oak trees (and what would be any adjacent street trees of garden beds for any Council roads that
are reconstructed):
•
•
•

Compaction of the subgrade and underlying soils and root structure
Construction of a solid rubble base of 250mm to 300mm thick
Installation of a (intended to be) completely impermeable bitumen seal layer

Given the high rainfall ins Stirling (around 1,500mm a year) the window for construction of roads is extremely
limited from around November to March during summer, and in the case of Druid Ave would occur over the
markets busiest time at Christmas and summer holidays.
Council’s engineering team had seen recent success in installing permeable paving on a low volume road in
Birdwood during winter (due to the minimal compaction required) and were keen to use this approach for
Druid Ave. Although the side road had a reasonable volume of traffic it was generally at low speed (under
25kmh) and with no hard braking or accelerating (however lots of tunring for parking however this is negated
by the use of interlocking pavers).
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The use of permeable pavers were considered to provide a number of benefits over a conventional road
reconstruction:
•
•
•
•
•
•
•
•

•

Improved aeration to the roots,
Completely permeable stormwater inflow into the soils,
No requirement to significantly compact the underlying soils and root zones
Water quality improvements by reducing nutrients and sediment to the watercourse,
Ability to construct in winter,
Superior design life of pavers over bitumen and reducing the requirement to reseal regularly and the
associated disruption,
The screenings and chippings are a media that limits invasion by roots and affecting the surface,
Initial (draft) observations from the Birdwood permeable paved road show soil shrink/swell effects
are reduced through the soil retaining some constant moisture, thus minimising damage to associated
infrastructure due to shrink/swell,
Reduced heat island effects by using a lighter coloured paver than black bitumen.

The permeable paving option was priced at the following:
6.
7.
8.
9.
10.

Excavating and removing the existing seal and base
Placement of a geofabric layer on the subgrade (without compaction!)
Placing 100m of 20mm screenings (without compaction!)
Placing fine aggregate chippings in lieu of sand as a bedding layer
Supply and install 80mm thick interlocking pavers (without compaction!)

$55/m2
$7.25/m2
$24.50/m2
$9.80/m2
$65/m2

By constructing the permeable pavement no irrigation of drainage was required and the project could be
constructed for a total cost of $161,550.
By considering the cost of the two projects (ignoring the benefits of the permeable paving to the trees and
constructability) the conventional road reconstruction approach would appear to be better value (just), and a
safer bet (it’s what we’ve always done, right?).
However the requirement of Council’s to implement Asset Management Plans in recent years has helped to
give them a better understanding of the whole of life costs of projects based on the useful lives of the
materials used and the ongoing maintenance.
In this instance when delving further, on purely capital reconstruction costs alone the costing started to look a
little different over 80 years:

‘Conventional’ Bitumen and Rubble Option
Pavement Life

80 years

Seal Life

20 years

($15,000)

Irrigation valves and components

20 years

($20,000)

On this basis using the present value costs it could be reasonably expected that the bitumen seal and irrigation
would need to be completely reconstructed in 20 years, 40 years and 60 years.
Adding this to the initial upfront capital cost, the project now looks like:
$155,000

Total Cost =

+ $20,000 (irrigation) + $15,000 (seal)

(20 years)

+ $20,000 (irrigation) + $15,000 (seal)

(40 years)

+ $20,000 (irrigation) + $15,000 (seal)

(60 years)

$260,000
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Permeable Paved Option
Pavement Life

80 years

Paver Life

80 years

Pickup/relay/clean

20 years

($15,000)

On this basis using the present cost the project now looks like:
$161,500

+ $15,000
+$15,000
+ $15,000

Total Cost =

$206,500

Note the estimate for pickup and relay to remove sediments is a general estimate, but given the wide expanse
of the paving and with regular maintenance this may not be required.
Note as it is fairly subjective as the Council does not have accurate costings for its maintenance activities and
frequency I have not included the maintenance costs of the two in terms of cleaning of pavers, or fixing of
potholes and crack sealing of the bitumen surface.
Typically the last years of a bitumen seal will involve frequent patching and pothole repair, and/or bitumen
rejuvenation all that comes at a cost, which in this case I have assumed the cost of any paver cleaning would
be equivalent.
Suddenly what were two options for the reconstruction that were similar now swing to nearly 20% cheaper
over the cost of the 80 years, towards using permeable paving. This doesn’t include the possible
disproportionate increase in the cost of bitumen based products over the 80 years either.
Over the last nine years a comparison of the Australian Bureau of Statistics between the indices for road and
bridge construction in Australia versus supply and place of asphalt shows that the cost to supply and place
asphalt has increased at 1.2 times the rate of rubble.
For example, if both rubble and bitumen had cost $1 back in 2006, they would now cost:
Rubble and road materials/concrete

$1.42

Supply and place of bitumen

$1.53

Over time if this trend was to continue the disparity between a paved surface and a bitumen surface will only
start to increase further.
The financial costings don’t take into account the benefits to the surrounding trees and the improved
functionality of the side road for the markets that now even in heavier rainfall doesn’t hold any water on the
surface and keeps the stalls dry.

Conclusion
Permeable paving provides an alternative to a conventional road reconstruction that can provide a significant
benefit to the surrounding trees in terms of increased aeration and water to roots, as well as benefits to
amenity in terms of less water on the road surface, reduced heat island effects and lower whole of life costs.
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Streetscapes and Root Escapes – Project Management Case Study
Graham Prichard & Jason Mckenzie
Asset Management Department
Lake Macquarie City Council,
Speers Point NSW

Abstract
A suburban precinct has been identified with substantial damage to assets resulting from tree roots. This
project aims to remove the worst offending trees and repair the public assets. The community consultation
process and technical aspects of the planning and implementation of the street tree replacement are
discussed.

Introduction
Lake Macquarie City Council has a number of suburban areas where street trees are damaging concrete
footpaths. Often when residents approach Council requesting repairs, the maintenance crews respond that
they are unable to effect repairs due to the tree roots.
This project outlines the steps taken in implementing remedial works to address this issue at The Gardens. The
success of this approach shows that removal of inappropriately planted trees is a viable option in these
situations.

Background
Many of the concrete footpaths in The Gardens precinct are severely damaged from uplifting, resulting
primarily from tree roots, compounded by the construction methods and soil type.
The main entrance road (known as The Park Chase) was planted with Platanus acerifolia along both sides, and
also has concrete footpaths along both sides. The surrounding streets included in this project were planted
with Triadica sebifera, with a concrete path on only one side of the streets. Interestingly, this species has
shown itself to be capable of causing major disruption to concrete footpaths from a young age.
Council’s limited resources are allocated on a city wide priority basis for street tree management and footpath
repairs/replacement.
Unfortunately the problems present at The Gardens are also present at a number of other areas that were
constructed at around the same era. Lake Macquarie City Council has since improved processes for street tree
planting and management, prepared detailed guidelines and prevented further occurrences of poor street tree
installations.
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Location
The Gardens is a relatively new estate (circa 2000) located in eastern Lake Macquarie within the suburb of
Valentine.

Figure 1. Locality map with red arrow indicating project area
The project area includes several streets within The Gardens precinct where the damage from street trees has
been assessed as most hazardous. Other areas with damage have not been included due to budget
constraints.

Governance
All land within The Gardens is zoned R2 Low Density Residential by the Lake Macquarie Local Environment Plan
(2014). The precinct is a residential area incorporating several small parks and playgrounds. There are no
major thoroughfares, nil industry, retail or other land uses. Bordering the precinct on three sides is the Green
Point reserve, comprising approximately 160Ha of natural bushland.
Council’s policy and procedure for the management of trees on roads and public reserves is applicable to the
street trees within The Gardens. Lake Macquarie City Council is responsible for the trees located on the road
verges. The Gardens has a corporate body that manages some common parkland within the precinct, and
represents some of the residents in matters with Council.

History
Previous trials
Due to ongoing problems with footpath damage, installations of two products intended to prevent or minimise
further damage were made during September 2009. Assessments in August 2011 found no sign of further
footpath damage at the installation sites.
The first product, Tripstop®, is a plastic hinge installed during construction in the expansion gap of concrete
footpaths. The product is designed to allow the concrete slabs to hinge rather than sheer when concrete slabs
subside or are uplifted, preventing the creation of trip hazards.
The second method required the installation of a below ground plastic cell matrix, filled with high quality soil,
intended to allow healthy root development in a confined space while preventing uplifting of concrete
footpaths or damage to below ground infrastructure.
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Figure 2. Installation of structural cell matrix (2009).
As shown in Figure 2, installing structural cells to existing plantings can result in damage to tree roots.
While the trials appear to be effective in preventing damage to footpaths, due to high cost and the need for it
to be installed prior to tree planting, the structural cell matrix has only been used in town centre
environments. The Lake Macquarie City Council standard specification for concrete footpaths now includes the
use of Connelly joints, which exceed the performance of Tripstop® in preventing uplifting of concrete
footpaths.

Analysis
Following a risk assessment of the footpaths, it was determined that replacement of some sections was
required to address safety. A number of options were canvassed, including replace all the trees, replace some
trees, remove all trees without replacing them, do nothing. Residents were consulted about the options, and a
project was developed to present a detailed design of the preferred option, replacing trees and footpaths in
the worst affected areas.
In deciding to remove and replace the trees, a number of options and factors were considered. Removing the
trees and not replacing them was rejected by the residents, who stated that the trees where a major influence
on their decision to invest in the area. Indeed, a recent Canadian study (Kardan et al 2015) has found that
people living in areas with higher street tree density report better health perception and fewer cardiometabolic conditions, and that this effect is equivalent to raising the income of each household by $10 000. As
it was not possible to repair the footpaths to a satisfactory standard without seriously damaging or removing
the trees, replacement was the preferred option.
Council’s landscape architects completed the tree planting design and quantity estimates. Council’s
operational division Civilake, undertook the construction of this project.
Council uses a project management framework, in the Sycle software package, for project management.

The Site
Most of the trees have been planted in narrow spaces between the kerb and concrete footpaths, without
adequate preparation and without installation of root barriers. Many have been planted directly on top of
drainage pits or against street lights. The species selection and planting methods are not compatible with
contemporary requirements.
Soils in this estate are poor and topsoil is absent as a result of previous land use as a quarry. Soils are
predominantly clay/conglomerate and the area is subject to subsidence from historical coal mining, possibly
contributing to the damage to concrete footpaths. The soil in the area does not favour tree root growth. This is
evidenced by the surface rooting occurring in gardens and tree roots disrupting concrete paths.
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Existing plantings
The precinct contains deciduous trees planted in themed groupings along the streets. An assessment of street
trees during 2011 located 474 trees. Information was collected on the species, location, health, type and
extent of damage occurring to pathways and infrastructure. The deciduous species show varying performance
and a range of issues relating primarily to infrastructure damage, encroachment and poor tree health in some
areas.

Constraints
The design and location of replacement trees was problematic, given the constraints present on site. The
locations of many of the original trees was inconsistent with the requirements for clearances from stormwater
pits, street lights and other assets, vehicular sight distance requirements resulting in a slight reduction in the
number of trees being planted. The residents also expressed concern that the replacement trees need to
achieve a similar outcome to the themed deciduous plantings, requesting that trees on sides of roads without
footpaths also be replaced. Following an evaluation, this was agreed to, as it was noted that those trees were
also posing a risk of infrastructure and asset damage.

Engineering guidelines
Lake Macquarie City Council has developed engineering and landscape guidelines that are used to specify
requirements for concrete footpaths, street tree planting and other works. Consistent with the Local
Government Association Urban Forest Policy (LGA Urban forest policy 2003), Lake Macquarie City Council is
integrating tree management expertise with civil design and construction .During the preparation of the
landscape plans for this project, Council’s landscape architect prepared the plans to be consistent with the
guidelines. A new specification was created for the installation of the root directors, as they were not included
in the engineering and landscape guidelines.

Financial analysis
With no capital budget allocated to street tree planting, the status quo option was to accept the liability risk
and to continue using maintenance budgets to repair the footpaths and other damage caused by the trees.
Preliminary analysis for this project included estimates of the ongoing maintenance costs of the footpaths and
trees, assuming no major renewal or intervention occurred. This analysis found that over a fifty year period,
savings resulting from this renewal project related to the trees was approximately $1 000 000 and for
footpaths was in excess of $5 000 000.
A successful application was lodged requesting asset renewal funding to undertake this project.

Risk management
Councils transport planning inspectors assessed the footpaths in accordance with the Statewide Mutual best
practice guide footpaths (2014) to ascertain the level of risk posed by the displacements. It was determined
that in several streets an unacceptable level of risk was present, with vertical displacements of 80mm and
60mm being amongst the higher figures recorded. Displacements in the range of 30mm-50mm were recorded
on approximately 35 occasions. Formal risk assessments were conducted as part of the project management
framework.
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Figure 3. Damage to footpaths was extensive, creating risk to users.
Project risk assessments were completed using corporate templates in accordance with the Lake Macquarie
City Council project management framework.

Asset damage
Damage has been recorded to footpaths, kerbs, road surfaces, driveways, lawns, gardens and a number of
other residential assets. Damage has occurred primarily to concrete footpaths including cracking,
displacement and uplifting. Roads, kerbs and other assets have been little affected to date, due to the young
age of the trees.

Figure 4. An example of damage occurring throughout the project area.
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Future damage would be likely to result from the trees planted on top of storm water inlet pits and against
light posts. Damage to private assets has been reported, including driveways, paths, gardens, letterboxes and
other fixtures. In accordance with the Statewide Mutual best practice guide trees and tree roots (2013) Council
is taking reasonable action to address the issue of damage as far as it is reasonable to do so.

Communication strategy
A communication plan was prepared in conjunction with Lake Macquarie City Council communications team to
develop a strategy to communicate with the various stakeholders.
Components of the communication strategy included a letter mailed out to all residences seeking comment on
the design and proposed species. The letter invited residents to attend an onsite meeting where the plans
were displayed with staff present to answer questions.
A memo was sent to councillors to inform them of the project. The customer service centre (call centre) was
provided a summary of the project and details of how to respond to any enquiries. A notice was placed on
council’s website immediately prior to tree removal commencing. An additional letter was posted to all
residents regarding bringing forward tree removal, due to an issue with damage to larger vehicles resulting
from lateral branches encroaching the roads.
In the days prior to on ground works commencing, a letter box drop was carried out with specific information
about the footpath and tree replacement works.

Consultation
The Gardens residents group (Lake Group Strata) met with Council staff to discuss options for addressing the
problem of footpath and asset damage caused by the trees. The representatives canvassed the options with
residents they represent. Concern was expressed that the existing landscape of the suburb should not be lost
by total street tree removal and that replacing trees only on the side of streets with footpaths would create a
mismatch of trees, reducing the character of the area.

Resourcing process
Following the design and quantification of the preferred option, an internal budget submission was made and
duly approved to fund the project. A budget for this project was sourced from the footpath asset renewal
fund.
Costs were estimated based on the number of trees, root directors, amount of soil and concrete for disposal
and installation, labour, plant and contingencies. For each tree being replaced, it was estimated that on
average 6m of concrete footpath would require replacement.

Tree selection
The original species planted were shown to be unsuitable for the location, primarily for excessive size,
aggressive root growth and in the case of the Triadica sebifera the tendency to invade nearby bushland. A
number of species, compatible with the desired character of the area and practical requirements, were
shortlisted.
The narrow space between rear of kerb and footpath and the number of assets and services present,
restricted the available locations for tree planting and the mature size of tree species. Previously, garbage
truck contractors had threatened to take action because of alleged damage to their trucks caused by branches
overhanging the vehicular travel path. As Council does not have a formative tree pruning program, the
selected tree species were required to have a narrow form to avoid branches impinging on the vehicular travel
path. Trees were required to have NATSPEC (Clark 2003) certification, copies of which are required prior to
tree planting.
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Characteristics required:
Narrow form, deciduous/autumn colour, non-invasive roots, non-weedy, small fruited, non-malodourous,
overall small stature, hardy, attractive, available.
Species considered, but not selected included:
Species

Reason for non-selection

Pistacio chinensis

Crown spread, mature size

Lagerstroemia cultivars

Requirement for formative pruning

Pyrus cultivars

Crown spread, potential weediness

Planting details
Due to the close proximity of various assets and the large number of issues with tree roots from the original
trees, it was decided to install modular root directors.
Lake Macquarie City Council planting guidelines were adapted to provide a drawing for the installation of the
root directors and tree planting.

Figure 5. Typical planting layout (adapted from Lake Macquarie City Council landscape design guidelines 2013).

Removal of existing trees and footpaths
The project was initially set up to run across two financial years during June/July. However, in April 2015 an
intense low pressure storm system caused extensive damage to the Lake Macquarie area, uprooting
thousands of trees and resulting in major disruptions to scheduled works. Fortunately the project trees had
been removed prior to the storm and no damage occurred in the project area.

A contract arborist was engaged for tree removal with 185 trees removed and stumps ground. This exposed
the residents of the gardens estate to a baron streetscape devoid of colour, character & proportional height as
against the existing rendered two-storey dwellings within this estate.
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Figure 6. When sections of damaged concrete were removed for temporary repairs in 2013, large tree roots
were evident.
The works were rescheduled and commenced in July 2015.
Lake Macquarie Councils Civilake construction crew initiated works by removing sections of damaged concrete
path and previous maintenance asphalt patches. Construction work zones at times stretched up to 300m in
length. With a work zone of such length causes some safety, disturbance and access issues to adjacent
residents, construction staff were required to manoeuvre at times to manage access and traffic flows
throughout the construction process. Signage and barrier mesh was put in place in accordance with the traffic
management plan. As the work zone progressively moved with the project, rolling along through each street
identified for planting and concrete footpath replacement, these issues of safety, access and disturbance to
residents required daily adjustments and setups.
With concrete paths removed and the ground beneath exposed, it was clear as to the amount of tree roots
within the top 200mm of the surface area surrounding the location of the previously removed trees (figure 6).
This prevented excavation of new tree pits and installation of formwork and new concrete paths. An arborist
was again engaged to stump grind tree roots within the project site prior to tree pit installation and concrete
path replacement.
Tree pits were excavated to allow for installation of root directors, with additional area to support future tree
root growth. A circular root director was chosen after consideration of a number of factors such as aesthetics,
the width of the root directors, the available space for plant installation, the depth of the root directors, and
provision of a 100mm raised flange creating a mowing edge to the outside and a mulched edge to the inside.
Tree pits were back filled with certified organic soil material, with excavated spoil used to support and stabilise
the root director. The organic soil was left to settle for a period while concrete footpath replacement was
completed, with tree pits topped up and trees installed prior to mulching. Trees were monitored for stability
within the tree pit with consideration to install additional tree stakes & ties, however, this was not required.
Concrete footpaths were replaced & constructed prior to tree installation. All joints between new and existing
concrete paths were doweled, and all joints adjacent tree pit locations fitted with a Connolly joint expansion
system. (Lake Macquarie City Council engineering guidelines). This system reduces the potential for vertical lift
at the joints of concrete paths, if paths are displaced by tree roots it allows a path section to rise as one
creating a roll over as opposed to a disruption.
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Construction methods
During removal of the failed paths, it became obvious that substantial root growth was present that required
removal to allow the concreting of the new paths, and planting of the new trees. To prevent damage to private
assets and service conduits that could occur by removing the roots with an excavator, the roots were ground
out with a motorised root grinder.
The distance between kerb and failed footpath alignment was noted to be variable, therefore the RDC900 root
director, a Citygreen product, was used as the larger RD1000 would not fit in all of the planting locations.
Existing failed footpaths were removed in sections corresponding to street blocks. Each section was then
replanted and the footpath replaced before commencing on the next section. This reduced the length of time
each section was barricaded and therefore the reduced disruption to the local community.
Tree species and nursery supplier were identified and an order placed to hold the required quantity of trees
(Pyrus calleryana “Chanticleer” and Prunus cerasifera “Oakville Crimson Spire”). These selections are narrow
in form and consistent with the existing planting theme throughout the gardens estate.
Tree installation with 45ltr size specimens was undertaken throughout the winter period of July to early
August. Installation of deciduous species during this time reduced potential planting shock allowing the newly
planted street trees to adjust to their new environment prior to the growing season.
Trees are monitored for potential bacterial & fungal diseases, and maintained with an establishment period of
13 weeks with tasks such as fertilising, watering, mulching, directional pruning and replacement of damaged or
dying specimens.

Sustainability
Lake Macquarie Council supports a sustainable approach of recycle where possible. All trees removed were
shredded to mulch and stockpiled for re-use where appropriate. All concrete was transported to a masonry
recycle plant. All excavated spoil for tree installation was used as backfill to concrete paths and as a supportive
substrate to the tree root directors. All remaining spoil was transported to the local waste management facility
as the Environmental Protection Authority guidelines prevent excavated spoil to be reused at other allocations
outside of the construction work zone, unless treated and tested.
During the design process, it was decided not to incorporate a stormwater water system, due to concerns over
maintenance of private stormwater pipes linked to the tree pits.

Conclusion
The time between the removal of the trees and replacement with new trees was longer than originally
planned due to delays resulting from the April storm. While all of the residents had approved the tree planting
at all times during the consultation, a number subsequently contacted Council to request a tree not be planted
on their verge. This change is attributed to the length of time between tree removal and replacement and
people becoming used to the treeless streets during winter.
This project has been successful in demonstrating that it is better to remove trees and replace them properly,
than to try and ameliorate damage that is going to continue and worsen over time. Of course, if the trees have
a great value, then it is easier to make a case for preserving the trees at an increased cost.
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Overview
The TREENET Avenues of Honour 1915-2015 project is a national initiative to honour with a tree the memory
of every individual who has made the supreme sacrifice on behalf of all Australians.
The arboreal Avenue of Honour has been an enduring form of public commemoration of military service in
Australia. More than any other nation Australians have chosen to recognise service and sacrifice through
community plantings of memorial Avenues of Honour. The project is designed to document, preserve and
reinstate the original Avenues of Honour and to establish new Avenues of Honour, leading up to the
Centenary of World War I and through to November 11th 2018.
The Project was proposed by founding Director of TREENET, David Lawry and launched at the 5th National
TREENET Symposium in 2004.
As part of her thesis, PhD candidate Sarah Cockerell recorded 567 known Avenues of Honour (AoH) across
Australia, most of which remained in some form, although some were depleted or in poor condition.
These Avenues and the trees that comprise them are typically on public land and most often are managed by
Local Councils.
An AoH database proposed by Ben Kenyon in 2006 aimed to develop an online resource that documented the
location and current condition of each tree within an existing or future Avenue of Honour and to record the
presence and condition of associated signage and plaques.
As a priority the TREENET AoH Project set out to provide a publicly accessible online resource for known
Avenues, initially to be based on the research by Cockerell including basic information relating to their
purpose and date of establishment.
The personal information of each man or woman honoured would also be recorded based on or linked to
existing records held by the AWM and personal accounts provided by living descendants.
It was conceived that links to all the information relating to a commemorative tree and the individual for
whom it was dedicated, via an embedded QR code in each associated plaque, would provide interactive access
in the field, courtesy of the digital revolution and portable devices such as smart phones and tablets.
As a first step towards an online, Wiki-based database and website, Dr Darren Peacock developed the current
AoH Blog site in 2013. A priority for the Project team is to secure ongoing funding to further develop and
maintain the proposed Wiki-based database and website.
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The Challenge of Funding
TREENET has received no grants from government sources to date but as it has DGR (tax deductible gift
recipient) status, public donations were expected to be a major source of funding. A generous donation from
Active Tree Services in 2012 and 2013 made it possible for Glenn Williams to be appointed as Director of
TREENET and for David Lawry to manage the AoH project.
Since September 2014 the role of Director AoH has continued on a voluntary basis.
Other sources of sponsorship are currently being pursued but one source of income is already well
established.
At the launch in 2004, delegates at the 5th Symposium held in the Waite Arboretum, planted a hedge of 100
Rosemary bushes grown from cuttings collected by David Lawry in the late 1980s, whilst undertaking a
landscape project at the Daw Park Repatriation Hospital.

Fig 1: Planting of the Gallipoli Rosemary hedge, TREENET Symposium 2004

During this project David was informed that the original plant was brought back to Adelaide by a wounded
soldier repatriated from Gallipoli in 1915 and grown into a hedge at the Keswick barracks where it provided a
source of commemorative lapel stems for the Anzac days that followed. Fearing unnecessarily the Daw Park
hedge would eventually disappear it was grown and maintained in his native plant nursery until this moment
in 2004 and provided the opportunity to add further significance to the simple act of a wounded digger 90
years previously.

Now grown and distributed by the APG group of nurseries it is
expected to have raised approximately $100,000 in royalties for the
Project by the end of 2015.

Fig 2: Label sales of the Gallipoli Rosemary governed by strict protocols to preserve
the integrity, the heritage and the DNA pedigree significance of this plant of
remembrance.
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The Challenge of Location.
In many instances only remnants of original avenues remain or they have disappeared completely.
This is particularly the case in cities and towns where the original purpose of the row of trees was forgotten or
intentionally overlooked to make way for development. The AoH office receives regular news of both
circumstances still occurring. Unfortunately there is very little room left along roadways for new trees except
in inappropriate locations far from the original site on the distant outskirts of the urban sprawl.
In a few instances aging and neglected Avenues have been resurrected on location.

Fig 3: Weinholt Street AoH, Sherwood, QLD. [Images courtesy of A & A Rankine]

The Avenue of Honour in Weinholt Street, located in Sherwood, a western suburb of the City of Brisbane in
Qld, is no exception. The Weinholt Street Avenue of Honour is lined with the beautiful long lived tree species,
Callistemon ‘Dawson River’. Typical of species selected for planting in many of the Avenues of Honour
throughout Australia, this species is native to the local area (Qld) and has a weeping habit which is chosen to
represent the tears of the mothers of fallen soldiers in World War II.
Originally pollarded on an annual basis by the local Council, sadly the location of these trees did not spare
them the unfortunate previous practice of 'lopping' in later years for powerline clearance.
A current programme of ongoing restorative pruning carried out on behalf of power service provider, Energex,
and replacement planting carried out by Brisbane City Council for a small number of trees lost in storms, has
assisted greatly in the management of the Weinholt Street Avenue of Honour, ensuring that it will be enjoyed
not only by current residents, but by future generations to come. The shade, habitat and dollar value that the
Weinholt Street Avenue of Honour trees provide to all properties in this street is reflected in the esteem that
these trees are held in by all who live in and visit the street.
In most major Cities there are magnificent locations for new Avenues of Honour along prominent roadways
but they are already taken up by existing trees with many more years of useful life ahead of them. We
propose that local government in consultation with their communities consider the option of reassigning
these trees to the role of commemoration. This will create an AoH for the present day with a commitment to
maintaining and replacing them over time with new trees that may be different species to the original but will
be chosen to reflect in a stately manner the pride of their community in the fallen close to the homes of the
honouree.
In South Australia one such prominent roadway is Anzac Highway formerly the 12 km long Bay Road linking
the city with Glenelg. It is not an Avenue of Honour but was renamed in 1923 in Honour of the Anzacs as it
also passes the WW1 sites of Keswick Barracks and the Morphettville racecourse where an enlistment camp
was established. The link has been strengthened by the local Highways Department naming of the Gallipoli
Underpass at the South Rd intersection.
Aside from a median strip planting of Ficus hillii (Hill’s Fig) and Washingtonia fillifera (Desert Fan Palm) there
are approximately 800 Fraxinus raywoodii (Claret Ash) lining the north and south verges managed by the City
Councils of Unley, West Torrens and Holdfast Bay. Some interest has already been expressed in rededicating
these trees for commemoration and subsequent replacement in an AoH management plan.
All councils in major cities have thousands of trees to maintain and hundreds of soldiers to commemorate and
without moving off the roadway this seems to be the only option remaining.
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On the other hand an emerging option for Avenues is to plant them in parks.
This was very much a favourite location in the years following WW1. Kings Park in Perth, the recently restored
Soldiers walk in Hobart and Yeronga Memorial Park in Brisbane are prime examples.
Most recently, with the assistance of Peter Bishop, who was inspired by the vision of the TREENET Project, a
brand new park-based Avenue of Honour, Samford Memorial Avenue, was dedicated on Anzac Day 2015.
The Samford RSL Sub-Branch in partnership with the Samford Lions Club, Rotary Club of Samford Valley and the
Moreton Bay Regional Council delivered this significant community project over a 3 year project period.

Fig 4. Proposal taking shape, March 2014

Fig 4. Newly dedicated Samford Memorial Avenue, ANZAC Day 2015
[Images courtesy Peter Bishop]

Challenge of identifying Honourees
The internet and a considerable body of research at the Australian War Memorial have made the service
records of most of the fallen readily accessible. However it is almost impossible to confidently assign all
eligible honourees to particular local government areas based solely on place of birth or enlistment.
Furthermore honour boards are often incomplete or link the honouree with an organisation such as a church
or school which may be in another town. The RSL SA Branch is undertaking a massive task to tell the stories of
all the fallen on their virtual Honour board which like the TREENET AoH project has most of its work before it.
The most reliable source of information regarding the fallen is provided by the growing number of amateur
historians researching WW1 in particular, perhaps for publication in their name or for open access on the
internet. Any proposal to set up a new Avenue should be in consultation with the History Trust and its
widespread fraternity.
TREENET hopes that descendants of the fallen will be able to contribute the stories about their relatives, as
handed down over the years, for access via the proposed Wiki-website.
A TREENET Pilot Project based in the City of Port Adelaide Enfield is trialling a model for the wider creation of
new Avenues in other locations around Australia in the years ahead.
Fifty Eight individuals from the Port area, colloquially named “Portonians” died in service in 1914 and 1915
and over the next month, 58 trees will be planted by the Council in their honour. In 2016 more trees will be
planted for those who died in 1916. Through the remarkable research over 20 years by local historian Helen
Myhill, the names, war records and personal details of over 500 WW1 Portonians are known and will form the
basis of an annual dedication of new trees as each centenary year passes. The City also wants to honour those
from the Enfield district and TREENET is currently investigating the names and details of the “Enfieldians” in
order to plan avenues for them.
The likelihood is that in Port Adelaide Enfield alone 600 or 1% of the 60,000 Australians who perished in WW1
will be honoured with a tree.
The model is based on an appreciation of how the hundreds of Avenues around Australia came into existence
in the first place.
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They were always the result of local, largely voluntary endeavour, led by key community groups such as
women’s auxiliaries, progress associations and returned servicemen. Fuelled by the collective grief of
thousands of families anxious to have their loved ones remembered in perpetuity donations poured in, both in
cash and in kind.
Inevitably there were community champions working closely with elected local government members and
staff to promote and coordinate the installation of trees and plaques and to arrange a dedication ceremony
worthy of the occasion.
The Pilot Project follows this tradition but with a broader intent of inspiring others to follow with the support
of TREENET.
Central to the success of the Port Project are the arborists and horticulturalists employed by the council who
ultimately have responsibility for maintaining the greenery along roadsides and in parks. This is business as
usual for any council manager of tree assets and the proportion of trees in their care that would be memorial
trees is very small.
The City of Port Adelaide Enfield have committed to constructing a memorial space adjacent to Alberton
Oval,centred on a Lone Pine seedling supplied by TREENET. This will be dedicated in a public ceremony on
September 25th in recognition of the commitment made by all contributors to the project and the sacrifice of
the 500 Portonians. Through September the council will plant 58 Brachychiton rupestris (Bottle Tree) each
side of the pathway through Westport Park in preparation for future assignment to honourees as public
donations are received. It is hoped that all 58 soldiers will be assigned a tree along the pathway in
chronological order of their passing.
However, engaging the community in planning and implementing an AoH, is not business as usual for local
government and that is the primary motivation for the City of Port Adelaide/Enfield in participating in the trial.
Already significant community promotion is underway due to the efforts of the Port Adelaide Football Club as
Project Ambassadors. This community engagement strategy presents an opportunity for individuals and
families to make a tax deductible donation of $200 to have a tree planted and a soldier honoured in this pilot
project.
This will ensure that for the life of this inaugural Project, TREENET will be able to:
 Offer its established national Avenues of Honour leadership, expertise and management;
 Liaise with the Semaphore Port Adelaide RSL Sub-branch, the Port Adelaide Football Club and other
stakeholders;
 Raise the $10,600 in donations that will be fund the roll out of the 2014/2015 Avenue;
 Engage and participate directly with community including schools;
 Use the Avenues of Honour blog-site and other forms of social media to publicly profile each WW1
honouree , allowing community to follow, support and develop the capture of history and individual
stories;
 Assist in the arrangements for private or civic functions around acknowledgement of benefactors and
tree-planting ceremonies, including supply of Gallipoli Rosemary and donor certificates;
 Provide national recognition of the Port Adelaide Avenue of Honour through registration with TREENET’s
established, national Avenues of Honour initiative and the Australian National Trusts Register of
Significant Trees;
 Test and review the project model of funding & community engagement for national implementation.
Following its launch on the PAFC website for ANZAC Day 2015 it is anticipated the Project will be completed
well before Armistices Day on November 11th 2015.
Following a review of the trial outcome it is hoped that eventually all those from the district who served and
fell in WW1 will be honoured with a tree, believed to be an Australian first for any local government area.
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Finally a new Vision
Until recently the focus for the TREENET AoH Project has been only on Avenues within Australia.
With the major investment in a National Museum for the Western Front at Villers Brettoneux an opportunity
to establish an Avenue of Honour for the 50,000 Australians killed in France and Belgium is a tantalizing
prospect.
Based on only one tree for 100 soldiers it would be approximately 5 km long with 500 trees planted on both
sides of a roadway at 20 m intervals linking the Australian War memorial with the village where the promise to
‘never forget the Australians’ is the motto at the primary school.
The Remembrance Trail being established is much more extensive and could provide room for 5000 trees, 10
names on each for example.
There are many potential benefits for both Nations as thousands of Australians make the pilgrimage each year
and will understand the powerful message about peace that a tree standing for sacrifice can make.

We will remember them.
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