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The isolation of  New Zealand from other land masses for tens of  millions of  years means that 
as many as 80% of  its indigenous plant species are endemic. This means that most of  our native 
plants occur nowhere else in the world and accordingly have global significance. 

Sadly, the widespread conversion of  forest land to pasture and heavy demand for many native 
timbers by settlers, in particular the conifers matai, rimu, kauri, totara and kahikatea, has reduced 
New Zealand’s forest cover from about 80% of  the land surface to a little over 20% - with some 
species now having threatened status. If  New Zealanders wish to retain the unique character of  
their native trees and forests, and the benefits that arise from these trees, they must be active in 
their efforts to both protect and enhance this resource. 

As land clearance caused a decrease in the volume of  native timbers, plantation-grown exotic 
species - particularly radiata pine (Pinus radiata) - became dominant in the wood products industry. 
Protection was afforded to most of  the remaining indigenous forest and native timber became 
almost non-existent in the New Zealand timber industry. Farmland was almost completely cleared 
of  native bush with only scattered fragments remaining in occasional gullies and other less 
accessible areas. 

Times are now changing.  There is wide general agreement that native trees have many values, 
some economic and others less easy to define, but just as important. We are emerging from the 
dichotomous state of  having native forests protected in conservation reserves, with our wood 
product requirements met by exotic species, to a position where many more native trees are being 
planted with some productive use in mind. This new approach is already adding significantly to 
the overall native forest estate, bringing economic benefits and also pleasure to the people who are 
involved in planting, managing and protecting native trees for the future.



In addition to preserving native tree species, this planting also preserves the habitat of  other native species, 
especially birds and insects. Riparian stream margins planted with native trees and shrubs moderate water 
temperature and enhance their habitat value while reducing stream bank erosion. In both urban and rural 
environments, such plantings have additional landscape and aesthetic values.

Native trees also provide economic benefits. The New Zealand wood products industry revolves around 
radiata pine because of  its relatively easy management, rapid growth and versatile wood properties. 
However, this timber has a number of  limitations, particularly in high value end-use markets. Our native 
trees provide an alternative suite of  timbers with a range of  characteristics including greater hardness, 
durability, more distinctive colour and form, and outstanding wood-working properties. Accordingly, 
a number of  native species are prized for high value end uses.

The focus on forests has recently widened to include a range of  environmental benefits ranging 
from carbon sequestration as a counter to global warming, to holding in place the country’s precious 
soil mantle. Forests are also acknowledged as sources of  clean water and as reservoirs of  natural 
biodiversity. Where these objectives are paramount, permanent forests with a mix of  species are 
more robust, but still have the capability to supply economic supplies of  wood on a sustainable basis. 
In addition, New Zealand trees have an established resistance to native pests and the local climate, and 
have an inbuilt genetic diversity that may not exist in the quite selective importations of  exotic species.



With a well planned planting regime and careful management it is now recognised that a number of  
native species can provide utilisable timber from thinnings, as early as 30-40 years after planting. Once 
a cycle of  selective logging and continuous cover is established the system can continue in perpetuity. 

There are a host of  other potential productive benefits from forests. For example,  the pioneer/nurse 
species manuka (Leptospermum scoparium), is increasingly being used for a variety of  purposes, including 
honey, oils, wound dressings and cosmetic products. There is a base of  cultural knowledge now becoming 
more widely supported by scientific evidence that several native shrub and tree extractives have important 
medicinal properties.  

From a considered perspective then, there is a strong and easily understood rationale for planting native 
trees.  But there is more … our native trees and forests may endure and continue to provide these values 
over several human lifetimes. So by planting trees we are making a decision that can provide the same 
benefits to our children’s children and beyond.

Time is the best test of the quality of our contribution…
                           plant native trees and ensure it is a long one.



www.tanestrees.org.nz
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T      his Technical Handbook has been produced by
Tãne’s Tree Trust in association with FITEC (Forest
Industry Training and Education Council) and the
Ministry of  Agriculture and Forestry’s Sustainable
Farming Fund (SFF) to provide the latest ‘easy-to-
read’ technical information on planting and managing
native forests. Relevant throughout New Zealand,
this handbook is aimed at practitioners, experienced
or new, keen to improve their knowledge and adopt
latest techniques in establishing and managing native
trees. The Handbook is also designed to provide
information in an attractive layout to many other
sectors including those involved in education, policy
development, commercial forestry, farming, Maori
land ownership, environmental interest groups, plus
the general public.

Each aspect of  planting and managing native trees
is covered in separate stand-alone publications drawing
on information and ideas from a wide range of
sources, both historical and more recent. Sources of
information are stated wherever possible to allow
users of  the Handbook to access original work and
seek further details directly. Publications are written
by a wide range of  practitioners, specialists, managers,
consultants and policy makers.

The Handbook has been produced as a ‘living manual’
that can be added to and updated as new information
and resources permit. It is therefore in ring-binder
format with dividers for each section. Each section
and related topics are easily located by following the
Table of  Contents.

Technical Article No. 1.2
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The peer-reviewed publications within the Handbook
are in the form of  2-12 page articles that are grouped
into separate sections based on themes. These themes
vary from presenting prevailing attitudes and ideas to do
with planting and managing natives through to ‘how to
do’ articles that provide the latest practical guidelines on
a wide variety of  topics from nursery production and
establishment of  natives to long-term management.

New and updated articles for the Tãne’s Tree Trust’s Tree
Trust Technical Handbook will be published as and when
current and future projects are completed. A list of  the
latest published articles will be maintained on the Tãne’s
Tree Trust website www.tanestrees.org.nz. Full colour
hard copy versions of  the Handbook and updates are
available directly from Tãne’s Tree Trust for trust members.

Handbook articles Updating the Handbook
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BACKGROUND

In October 1999, a conference called “Native Trees for the Future” was held at the
University of  Waikato. The conference highlighted the need to establish a vehicle for
obtaining and applying funding for several purposes related to the planting and sustainable
management of  indigenous trees. This included consolidating and developing knowledge
through research; establishing a network of  practitioners and other stakeholders to
share knowledge; and supporting both local and central government incentives that
encourage increased planting of  indigenous trees.

Early in 2001 a small steering committee was established and rapidly grew to become
a diverse representation of  interest in the growing of  native trees. The steering committee
decided that a Charitable Trust was the most appropriate vehicle to pursue its aims,
and Tãne’s Tree Trust was formalised in November 2002 to encourage New Zealand
landowners to plant and sustainably manage native trees for multiple uses.
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Our Objectives
In order to realise the vision the foundational objectives
of  the Trust are to promote indigenous forestry as an
attractive land use option by:

1. Consolidating and advancing the state of  knowledge
of  an increasing range of  indigenous tree species -
 their establishment, growth, and productive use;

2. Maximising the economic incentives for establishing
indigenous trees by reducing establishment costs;

3. Resolving legal and political obstacles currently
serving as disincentives to the planting of  indigenous
trees; and

4. Building a network of  knowledge-sharing amongst
stakeholders.

Trust Structure
The steering committee constituted the foundational
trustees. Trustees serve for three years before standing
down, and becoming eligible for re-appointment. To
support the Trust anyone who wishes to be involved
can join the Trust network. Currently the Trust consists
of  13 Trustees from a wide range of  backgrounds and
within a decade has a network group of  over 300
members including about 25 corporates being Regional
Councils and Crown Research Institutes and companies.

Tãne’s Tree Trust collaborates with and complements
a range of  forestry and environmental interest groups
including the NZ Forest Owners Association; the
Indigenous Forestry Section, NZ Farm Forestry
Association; Nga Whenua Rahui; Project Crimson Trust;
Kauri 2000 Trust; Trees for Survival Trust; NZ Landcare
Trust; the NZ Institute of  Forestry; and the Montfort
Trimble Foundation.

Activities
The Trust was launched on 8 September 2001 with a
workshop and field day at Waharau Regional Park in the
eastern Hunua Ranges south of  Auckland. It operates
under its Trust Deed and Strategic Plan. It has a web-site
www.tanestrees.org.nz  which contains a great deal more
information about the Trust, including a list of  all
publications available.

A newsletter is sent to all network members every four
months. Current activities include production of  further
publications relative to native forestry, maintaining web-
based databases such as a bibliography on planted native
trees, a nationwide database on plantations, and future
Trust workshops and events.

Contact details for Tãne’s Tree Trust:

Email: office@tanestrees.org.nz

Mail: Tãne’s Tree Trust,
          P.O.Box 12094,
          Hamilton 3248

Website:  www.tanestrees.org.nz

THE TRUST

2

Funding
Membership subscriptions fund running costs of  the
Trust. The Trust has been successful in obtaining funding
from the Ministry of  Agriculture and Forestry’s Sustainable
Farming Fund and many other sources for the purpose
of  revisiting old and establishing new research sites, setting
up an archives database, publishing or assisting to publish
bulletins and other material on native trees and running
workshops for knowledge sharing. However, there is an
ongoing need to obtain funding for the basic running
costs of  the Trust and expansion of  the indigenous
research programme.
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E
WHY PLANT NATIVE TREES?

         stablishment of  native trees and shrubs for the
restoration and enhancement of  native forest is
occurring throughout New Zealand usually to meet
multiple objectives. The aims for establishing native
plants can be broadly listed under environmental and
production-orientated objectives.

For environmental objectives, most revegetation
programmes use a wide range of  natives to fulfil one
or more of  the following aims:

extend forest remnants on farms and restore high
forest;

provide shelter on farms, around residential and
horticultural blocks;

provide aesthetic or landscape benefits;

provide cultural and spiritual benefits;

provide amenity and recreational facilities;

enhance wildlife values and biodiversity;

control soil erosion both of  hill country and along
riparian areas; and

improve water quality.

Many natives can also be planted and managed for a
range of  productive purposes including many direct
and indirect benefits such as:

supply of  wood;

production of  raw materials, e.g., bark, leaves, and
oils used as medicines, herbs, food, and fibre;

honey production;

production of  seed and cuttings used by the
horticultural industry;

provision of  shade required for stream fisheries;

provision of  screens around buildings and
unsightly areas;

provision of  shade and shelter on farms;

enhancement of  tourist areas; and

carbon sequestration.

It is possible to achieve both environmental and
production objectives on the same site by establishing
a wood resource of  native trees. Through careful
choice of  species, plant communities can be
established and enhanced to provide a sustainable
resource of  high-quality timber which can be
integrated with many conservation-based objectives.
Once native forest is established, the adoption of
Continuous Cover Forestry (CCF) practices, whereby
harvesting is undertaken as single tree or small group
felling, will ensure the conservation benefits of  the
high forest including biodiversity, soil and water
values and the landscape are not compromised
(Barton 2008).
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Mimicking natural regeneration
and forest succession
Locating species on sites matching their ecological
requirements that mimic natural patterns of  regeneration
is likely to be the most appropriate approach where
revegetation is the primary objective. Such sites will
contain native timber species and, although growth rates
are likely to be compromised by competition or other
site factors, landowners still have the option of  removing
semi-mature or mature trees for timber in the future.

An understanding of  the regeneration strategies of  each
native tree species including their role in forest succession
patterns will influence appropriate methods of
establishment. Planting strategies that mimic natural
regeneration and species successions are most likely to
succeed.

STRATEGIES TO MEET OBJECTIVES OF PLANTING

Should those landowners wanting to establish a native woodlot match species to site based on natural
regeneration patterns, or should they plant on the best sites to achieve optimum growth?

Indigenous biodiversity in our productive
landscapes
New Zealand’s productive landscapes are invariably
dominated by agricultural, horticultural, and exotic forestry
landuses which cover up to three-quarters of  our landmass.
Much of  this human-induced change of  landuse has
been to the detriment of  indigenous biodiversity. Concern
is increasing about the ongoing decline in New Zealand’s
indigenous biodiversity and for the ecological sustainability
of  landuses that support our primary industries
(Parliamentary Commissioner for the Environment 2002).
While the Commissioner strongly supports ongoing
preservation initiatives to restore our threatened
ecosystems, there has not been adequate exploration of
the potential beneficial roles that native plants can play

in our productive landscapes dominated by exotic pastoral,
horticultural, and forestry landuses.

As part of  a broad range of  management opportunities
for native plants on our working lands, there is excellent
scope for the planting and management of  native trees.
In addition to the potential productive value of  native
tree plantations, the establishment of  native forest in
these productive landscapes will likely improve productivity
of  the existing primary sector. Significant areas of  the
New Zealand landscape, both urban and rural, are being
revegetated by planted native species. It is estimated that
over 10 million native plants are produced annually in
native plant nurseries throughout the country. Significant
proportions of  these native plants are major timber
species.

For instance, recognition that natural succession of  a
previously forested site is most likely to require
establishment of  a range of  early successional species.
For many sites, these early species, sometime referred to
as ‘nurse species’ will include shrub hardwoods such as
manuka (Leptospermum scoparium), kohuhu (Pittosporum
tenuifolium), karamu (Coprosma robusta) and koromiko (Hebe
stricta). These hardy shrub species create sheltered
conditions for the inter-planting of  later successional
native tree species such as many of  the conifers like kauri
(Agathis australis) and rimu (Dacrydium cupressinum) and
hardwoods like kohekohe (Dysoxylum spectabile) and puriri
(Vitex lucens). Planting strategies that mimic natural
succession pathways are more likely to result in good
survival and growth rates for most species, provided
weed control and releasing are to a high standard.

Where is the indigenous biodiversity in many New Zealand productive landscapes?
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Optimum Sites for Native Tree Plantations
For those landowners whose major objective is to establish
plantations of  native trees for high-value timber
production, using natural patterns of  regeneration may
play a lesser role in determining planting sites and patterns.
For native tree species, best plantation growth will occur
on sheltered sites where soils are deep and fertile and
there is adequate moisture. To ensure optimum growth
rates of  native tree plantations targeting the best planting
sites, in combination with good site management and
silviculture practices, is the best strategy.

Planting patterns
Rigid planting layouts of  sites (e.g., line-planting) that
comprise a range of  microsites may result in a less natural
appearance and sub-optimal survival and growth. Such
planting patterns do not account for specific site
preferences of  each species.

Equally, random planting of  species will result in
mismatching of  species to appropriate microsites.

Native Trees Can be Grown for Wood
Current research being undertaken at Scion evaluating the growth and wood quality of  selected native trees
indicates that the timber from fast-growing planted trees can be as attractive as, and has many of  the wood
characteristics of, timber from old-growth indigenous forest or locally grown and imported exotic species. With
growth rates in excess of  50 cm in height and up to 1 cm in diameter per year on favourable sites, logs approaching
40 cm in diameter are achievable within 50 years of  planting for kauri and totara (Podocarpus totara).

While development of  heartwood is slow, particularly in
native conifers, the sapwood of  planted kauri and totara
trees less than 50 years of  age contains a range of  colours
and textures. A range of  knot sizes in totara enhances its
decorative potential. Basic density of  the sapwood from
kauri in a 66-year-old plantation was lower than kauri
heartwood but higher than that of  radiata pine (Pinus
radiata) (Bergin and Steward 2004). Wood shrinkage and
stiffness testing showed plantation kauri was superior to
that reported for old-growth kauri and commonly used
exotic forestry species. Similar preliminary results are
found with fast-grown planted totara.

The results suggest that relatively young plantation-grown
native conifers have good potential as a solid wood resource.
Preliminary investigations of  some of  the hardwood tree
species in early plantations also indicate fast growth rates
but probably faster development of  heartwood than in
young plantations of  native conifers. Such research is
providing encouragement to landowners planting native
trees on good quality sites not only for environmental and
social objectives but also for the option of  timber
production for future generations

Rather than a rigid or totally random planting pattern, a
flexible pattern that allows matching species to sites will
ensure greater success of  planting programmes.

Native trees don’t have to be planted in rows! Rather, a flexible
planting pattern will allow matching of species to preferred sites
for optimal survival and growth.

Given favourable sites, many of our native trees,
including kauri, have good potential to be managed
as a solid wood resource.
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Carbon Farming and Natives
In 2002 New Zealand ratified the Kyoto Protocol, an
international initiative aimed at reducing greenhouse gas
emissions and thereby controlling or mitigating the adverse
effects of  anthropogenic (human) interference with the
climate system. An aspect of  the Protocol is the recognition
of  the ability of  trees to remove carbon dioxide (significant
greenhouse gas) from the atmosphere (Tãne’s Tree Trust
2008).

As part of  measures designed to assist New Zealand meet
these commitments, the Government has several packages
in varying stages of  development and/or implementation
that are of  interest to the production forestry sector
including relevance to those with native forest. These
schemes have the potential to encourage the establishment
of  native forests on an operational scale (Tãne’s Tree Trust
2008).

In additon to long-standing benefits of  established native
forest such as biodiversity and soil and water values, the
planting of  trees on bare land for carbon storage as part
of  the Kyoto Protocol is likely to provide further economic
opportunities on many sites and lead to increased interest
in the planting of  natives.

Latest information on carbon schemes is provided on
the Ministry of  Agriculture and Forestry’s website
www.maf.govt.nz. An independent website, developed by
the Carbon Farming Group, www.carbonfarming.org.nz.
also provides information including a carbon calculator to
allow landowners to assess individual carbon liabilities.

References:

Barton, I. 2008: Continuous Cover Forestry. A handbook for the management
of  New Zealand forests. Tãne’s Tree Trust. 104 p.

Bergin, D.O.; Steward, G.A.  2004: Kauri - ecology, establishment,
growth, and management. New Zealand Indigenous Tree Bulletin No.
2. New Zealand Forest Research Institute Ltd, 48 p.

Parliamentary Commissioner for the Environment 2002: Weaving
resilience into our working lands: recommendations for the future roles of
native plants. Parliamentary Commissioner for the Environment,
Wellington. 39p.

Tãne’s Tree Trust 2008: Forestry and Sequestrian: A review of  the
options for planted and regenerating indigenous forest.
Tãne’s Tree Trust Newsletter No. 15. 10 p.

Establishing and managing native trees as a long term supply of
timber need not be a single objective. Indeed, greater utilisation
of  native trees for sustainable timber production is likely to have
significant biodiversity benefits in our production landscapes.

Unwittingly, or by design, those planting native trees are
establishing a resource which future generations will have the
option, on some sites at least, to manage for extraction of  high-
quality, high-value wood. However, acknowledgement of  non-
market benefits of  established native forest will reward landowners
and foresters in many ways long before timber removal is
contemplated.

CONCLUSIONS

Author: David Bergin, Scion

Contact: Tãne’s Tree Trust
Website:  www.tanestrees.org.nz

Matching species to site - harakeke (Phormium tenax) planted
along wetter margins with a range of shrub hardwoods on
slopes, as a first step to establishing native forest.
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CHOOSING THE
APPROPRIATE OPTION

      hree main options available to the land owner
interested in establishing a native forest for multiple
purposes, including future timber production, are:

Planting of  nursery raised seedlings;

Direct seeding onto the ground; and

Encouraging growth of  natural vegetation.

This article provides only a brief  introduction to each
of  these establishment options relating to native trees
and shrub species. Practical guidelines will be
provided in subsequent sections in this Handbook.

Planting of  nursery-raised seedlings is the most
widely used option for the establishment of  native
plant species throughout the country to meet many
objectives (e.g., Evans 1983; Pollock 1986). It is
however, an expensive and labour intensive method
for establishing natives and therefore is only practical
on a relatively small scale (Bergin and Gea 2007).
Planting does allow control of  the species mix and
the intensity of  planting, and with appropriate
after-planting care, can be highly successful.

Direct seeding is probably a risky option in terms
of  outcome, but is potentially a much cheaper option
than planting when it is effective.  However, it is
likely to be very site-specific and considerable research
is required to determine if  it is practical for the wide
range of  sites requiring reforestation in New Zealand.

Making decisions on which option to follow requires
consideration of  the objectives of  planting, the ecology
of  the species concerned, the nature of  the site, the
resources available and the likely scale of  the exercise.

Technical Article No. 2.2



Nursery-raised seedlings
The usual method of  establishing native species is to use
plants raised from seed in containers (pots, planter bags,
or rootrainers) in plant nurseries. Most native conifer
and hardwood tree species can be grown from seed using
standard nursery techniques. Seed production and
germination rates vary and may affect the availability of
some species from one year to the next. Seeding

2

Encouraging natural regeneration is the preferred
option where there is a good supply of  forest tree seed
and weed competition can be controlled. This is likely to
be the most practical option for large-scale afforestation
of  native forests in New Zealand such as on marginal
hillcountry farmland. While native forest will eventually
regenerate in some regions, it is likely to be slow to
develop. Practical methods for encouraging or enhancing
large scale natural regeneration require further research.

PLANTING

By far the greatest majority of  native woody plant species
used in revegetation programmes and for establishing
potential production forests are raised from seed. Small
numbers of  a limited number of  species are raised from
vegetative material, either as cuttings or divisions.

characteristics and appropriate nursery techniques have
been published for kauri (Agathis australis), (Lloyd 1978
and Halkett 1983); for podocarps (Forest Research Institute
1980); and for hardwood trees and shrubs, (Forest
Research Institute 1988 and Pardy and Bergin 1989).

Forest duff  collected in winter beneath target trees contains
seeds and can be used to produce seedlings of  a range
of  native species including matai (Prumnopitys taxifolia)
and miro (Prumnopitys ferruginea), which are slow to
germinate (Herbert 1977). This method is best suited to
small-scale operations.

Many native species have been successfully raised as bare-
rooted seedlings. This method is especially suited to large-
scale production and planting programmes where
production costs can be reduced (e.g., Forest Research
Institute 1980; Beveridge et al. 1985; Bergin and Cole
2010). Container-grown and bare-rooted plants can be
planted at selected spacings to fulfil specific requirements
or objectives of  planting. Seedlings, depending on age
and size, are likely to cost between $2 and $5 each for
bulk orders from commercial nurseries, with faster-growing
shrub hardwoods $2–3 and native trees, particularly
conifers, $3–5.

Most native woody plant species used in planting programmes
in New Zealand are raised from seed in containers in nurseries.
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Cuttings
Raising native timber species from cuttings is not practised
on a large scale as most species are more easily raised
from seed. Some native trees, such as rimu (Dacrydium
cupressinum) (Dakin and Mearns 1974) and totara (Podocarpus
totara) (Bergin 2003), can be raised from cuttings.

Cuttings are commonly used to raise large quantities of
selected shrub hardwood species using methods widely
used for cultivation of  many garden plants, both exotic
and native. Methods for collection and setting of  cuttings
are given in numerous publications, e.g., Metcalf  (2007).

In the horticulture industry, particular traits such as
distinctively coloured foliage or plant form that are highly
sought-after can be based on a limited genetic base.
Cuttings are taken from a single parent plant with desirable
characteristics for propagation of  plants to cater for
demand for the urban and garden sectors. In the same
way, the exotic forestry sector has long relied on the use
of cuttings to provide plants from elite trees with particular
characteristics such as good tree form, fast growth or
specific wood properties. Seed orchard technology for
radiata pine (Pinus radiata) is reliant on use of  cuttings to
quickly bulk up family lines with preferred traits. In the
future, it is likely the same technology will be of  benefit
to those wanting to grow improved lines of  selected
native trees.

For large scale revegetation of  native forest, it is
recommended that cuttings are taken from a wide genetic
base within local populations to ensure at least some
genetic diversity in nursery-raised plants. As is
recommended for seed collection from native trees,
cuttings should be taken from a minimum of  10 plants
throughout a local population with at least 100 m between
parent plants. Native seedlings raised on a large scale for
revegetation from cuttings include for instance koromiko
(Hebe stricta).

Transplanting of  wildings
The removal of  small seedlings from forest and scrub
sites, often termed “wildings”, is labour-intensive and
mortality of  transplants can be high. Transplanting
wildings of  species where seed is difficult to obtain each
year and in which germination is poor, such as matai and
miro, has been successful on a small scale. In addition,
there can be benefits from transplanting wildings of  some
species (e.g. the beech species – Nothofagus spp.) where
beneficial mycorohiza (refer to Handbook section 6.1)
that are required for good performance can be introduced
to the nursery propagating beds or containers, along with
the seedlings.

For most species, best survival and growth has been with
wildings less than 15 cm tall. Larger seedlings invariably
have dispersed woody root systems that inevitably are
chopped off  during lifting from the forest floor. Because
removal of  wildings involves loss of  a significant amount
of  root mass, survival of  the transplant can be improved
by cutting back up to half  of  the leaf  area to match the
root loss, keeping plants moist and transplanting quickly.

Sourcing of  regenerating native seedlings from forest and
scrub sites can create issues including disturbance and
loss of  potential regeneration of  source areas. Although
digging up small seedlings from the forest floor or from
scrub areas will result in localised disturbance, there are
many instances where vast quantities of  small seedlings,
usually only up to 1-2 years old, occur beneath seeding
trees, under bird roosting sites or along bush edges where
there is increased light and greater species diversity.
Recently disturbed sites where mineral soil has been
exposed within or along edges of  native forest can become
covered in dense carpets of  a range of  newly germinated
seedlings of  a wide range of  native tree and shrub species.

Only a small fraction of  newly germinated seedlings of
native trees and shrubs are likely to survive as forest
succession proceeds and canopy gaps open up to allow
one or two plants to eventually develop. The vast majority
will often die within a year or two of  germination due to
summer droughts and low light levels. Careful lifting of
small seedlings scattered over such areas is unlikely to
impact at all on forest succession.

Permission is required from the landowner or manager
for removal of  wildings. A permit is required from the
Department of  Conservation to collect any plant material
from the conservation estate.

Divisions
For most grasses, sedges and other monocots such as
harakeke (Phormium tenax) and toetoe (Cortaderia toetoe),
plants can be separated into divisions. These species can
be raised from seed or from divisions to planting size in
the nursery, and divided to increase numbers for continuing
to grow-on in the nursery. Alternatively, where divisions
are of  sufficient size, they can be planted directly in the
field. This method is labour-intensive and like raising
plants from cuttings, it restricts genetic diversity to that
of  the parent material. On the other hand, as with cuttings,
divisions may give the opportunity to bulk up plant
material from elite plants that have been identified with
superior growth or other preferred characteristics. As
with transplanting wildings it is advisable to cut back leaf
area of  the divided plants.
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DIRECT SEEDING

Broadcasting seed as a method of  establishing tree species
has seldom been successful and it is rarely practised on
a large scale. An overview of  the key issues with direct
seeding by Douglas et al. (2007) indicates there are several
factors determining the success and practicality of  this
method for establishing native woody species. These
include:

Successful direct seeding usually requires the removal
of  competing vegetation and/or exposure of  mineral
soil. Most woody native species are unable to compete
with dense grass or herbaceous weeds on open sites
when direct seeded;

Depending on site conditions and species, small newly-
germinated seedlings are more prone to mortality
caused by desiccation, and by fungal and insect attack,
than larger planted seedlings;

Collection of  large amounts of  seed for broadcast
sowing on to prepared sites can be difficult and labour-
intensive for many native species;

Viability of  seed can vary from one year to the next
and between species;

High initial seeding densities are required to allow for
poor germination and early mortality; and

Continuing control of  competing invading exotic
species, especially grasses, is required.

Specific trials and practices
There have been a range of  trials and larger-scale
establishment programmes involving direct seeding of
selected native forest species using different practices.
Davis et al. (2009) provides a comprehensive review of
direct seeding programmes undertaken with a range of
natives, most of  which have been only on an experimental
scale. A selection of  these is summarised.

Manuka seeding

Manuka (Leptospermum scoparium) has often been used and
gives a rapid cover of  woody native species on cleared
sites. Key requirements include removing competing
vegetation and the existing weed seed bank within the
upper layer of  topsoil. This can be achieved by cultivation,
preferably turning over the topsoil using discs or similar
machinery. For instance, the Waipoua Forest Trust aims
to extend kauri forest to the south of  the Waipoua Forest
Sanctuary using manuka seed to establish a shrub cover
on grassed sites to shelter inter-planted kauri (Bergin and
Steward 2004). Manuka seed was scattered by hand along
furrows made 4-5 m apart by tractor-drawn discs. Within
3 years, dense bands of  manuka had established up to
1 m high and provided shelter for inter-planting of  kauri
seedlings.

Laying manuka brush

Laying of  manuka brush containing ripe seed capsules
on the ground has been used for revegetation of  relatively
small areas of  recently disturbed forest and scrub areas
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(Evans 1983; Porteus 1993). It is particularly successful
if  the brush is laid over cultivated ground in several layers
that provide a degree of  shelter, but avoid dense shade
for newly germinating manuka. As the cut brush dries
out, the semi-mature seed capsules split open and release
large quantities of  seed.

Canterbury trials

In a trial on bare ground under a burnt beech forest on
a north-facing slope in Canterbury, a six-species seed mix
comprising assorted shrub and tree species was sown
with and without pasture species as a cover crop, and
fertiliser (Ledgard and Davis 2004). Out of  the species
trialled, they found that mountain beech (Nothofagus
solandri var. cliffortioides) and manuka were the most
successful. The effect of  fertiliser was short-lived. The
window for achieving good establishment may be no
more than 2 years, after which exotic grass is likely to
dominate.

In other trials established on a range of  sites in North
Canterbury and Banks Peninsula, Ledgard et al. (2008)
found low impact manipulation seeding is an option for
restoring native species in ex-pastoral lands. Particular
emphasis was placed on site preparation, via management
of  the grass cover (grazing or mowing), soil disturbance,
and the use of  herbicides to control competition. After
1 year, almost without exception, native seedlings were
only found where seed had been sown. Over all of  the
sites, 23 native trees and shrubs were identified as having
emerged from the sowing of  seed or litter. They found
that existing vegetation, particularly exotic grasses,
provided intense competition.

At most sites there was a definite trend for increased
seedling numbers where herbicides were applied prior to
sowing, particularly where the grass was short, but the
greatest increases occurred where ground disturbance
had created a bare soil surface. The only situations where
there were more seedlings in herbicide treated plots than
in disturbed plots were where the grass was naturally
short or had been mown.

Ledgard et al. (2008) concluded that the establishment
of  native species by direct seeding has potential as a
cheaper technique for restoring an indigenous woody
cover in ex-pasture grassland environments, particularly
where large areas have to be treated. However, the results
of  seeding will vary between sites and seasons, and weed
control after seedling emergence remains a critical factor.

Several native shrub hardwoods 2 years after sowing in
ploughed strips in the Canterbury trial.

Mixing seed in with fine sand prior to sowing.

Seeding site - ploughed and lightly harrowed (not smooth,
needs plenty of nooks and crannies).

A trial in North Canterbury, showing various forms of site
preparation. Straight ploughing was the best.

Further research
The comprehensive review of  establishment practices
for native species by Davis et al. (2009) indicates that
while direct seeding may be a potentially useful method
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Native vegetation is regenerating naturally in many cleared or partially logged areas
throughout the country. Even in New Zealand’s exotic productive landscapes, native
species are regenerating spontaneously in many sites. Vast areas of  marginal pastoral
hill country where intensive management such as fertilising and weed control have
been reduced or ceased are often regenerating in various mixtures of  exotic and
native woody species in many regions throughout New Zealand. This includes the
invasion of  manuka and kanuka (Kunzea ericoides) in many hill country stations on the
East Coast of  the North Island (Bergin et al. 1995), and totara in combination with
kanuka and gorse on hill sides in parts of  Northland, King Country, Manawatu,
Wairarapa, Nelson, Marlborough and West Coast (Bergin 2003). Native shrubs and
trees are also regenerating effectively on sites dominated by exotic woody species in
many regions such as gorse (Ulex europaeus) on Banks Peninsula (Wilson 1994). On
localised scales, regeneration of  natives is occurring within hedgerows, along roadsides,
in shelterbelts, woodlots, gardens, and riparian areas throughout the country.

for establishing indigenous forest on steep hill country
grassland, it has not been tested beyond small scale trials.
As most trials have focussed on pioneer or early colonising
species, it will also be necessary to determine how best to
introduce tall forest native species to ensure that desired
climax vegetation has the potential to develop (Davis et
al. 2009).

The pace at which the process of  natural regeneration of
native forest occurs, and the species composition of
resulting communities, will be influenced by many factors.
These include:

characteristics of  the original forest and the current
landscape;

site history, e.g., intensity of  logging, burning, and
clearance;

for open sites, the current condition and landuse of
cleared areas;

for scrub sites, the current predominant cover of  woody
species;

presence, vigour, and persistence of  weed species;

distance from seed sources of  native species;

presence and effectiveness of  seed-dispersal agents;
and

presence of  browsing animals.

Further research is required to determine the efficacy of
direct seeding of  natives on a range of  sites including
optimum methods of  site preparation, the role of  selective
grazing in seedling establishment, choice of  native species
to seed and other management considerations and the
economic viability.

Davis et al. (2009) state that the requirements for successful
natural regeneration are the presence of  adequate local
seed sources, and as with direct seeding, exclusion of
grazing livestock, control of  animal pests, and control of
competing vegetation.

Enhancing regeneration

It is generally essential to exclude livestock (or reduce
grazing intensity) and browsing animals such as deer and
goats to enable satisfactory establishment and growth of
indigenous species. Some species, notably kanuka, manuka
and totara, are relatively unpalatable, however, and are
able to establish under low livestock grazing intensities
providing competition from resident species is minimal.
As with establishment from direct seeding, competition
from vigorous weed species, especially exotic grasses, is
a major obstacle to natural regeneration of  indigenous
vegetation in grasslands.

Reducing or eliminating factors that are inhibiting natural
regeneration may be a more practical strategy than planting

ENHANCEMENT OF NATURAL  REGENERATION

Requirements

6



CONCLUSIONS

While planting of  nursery-raised seedlings remains the high profile option for establishing native trees, the
costs are prohibitive for this to become the most practical method other than for relatively small planting

programmes in key areas or for establishing local seed sources. The significant areas of  New Zealand’s
landscape that require establishment of  a permanent cover of  indigenous vegetation will not be achieved

through intensive planting programmes of  native trees alone. Planting, certainly on a large-scale, is a last resort!

Our landscapes have a remarkable capacity to revert to forest through natural processes of  seed dispersal,
regeneration and succession. On many sites, the return of  a native forest cover will involve a succession

through early phases dominated by exotic woody species. However, in most cases, it is only a matter of  time
before native species will come to dominate. While there will be a continuing role for more intensive

establishment options, particularly planting, restoration of  native forest in many of  our extensive landscapes
will only be achieved by enhancing mechanisms for encouraging natural regeneration. Natural regeneration

of  native forest will eventually occur – it is largely a matter of  time and patience!
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     he connection to the forest, te Wao  nui a Tãne, is one of  the foundations of  the
Maori world. Maori see themselves as directly descended from Tãne Nui a Rangi, as
were all other creatures living in the forest, the trees and plants, the birds and insects.
The interconnectedness of  that world was the key to health and survival of  all that
were part of  it. For Maori themselves to be well, they needed the forest to be well.
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TIKANGA

The tikanga (traditional practices) that governed all
activities involving the forest were put in place to ensure
the wellbeing of  the whole forest community, and the
various species that are part of  it.

This is not only a traditional viewpoint; it very much
reflects the understandings and expectations of  many
Maori today. Again and again submissions made in support
of  Wai 262 and other claims to the Waitangi Tribunal in
recent times highlight the concern of  Maoridom at the
way the integrity of  the forest world has been destroyed
by the land management practices of  the last 150 years.
Maori see that as a major factor in their loss of  mana; in
the deterioration of  their social structures; in their poor
health statistics; and in the uncertainty that many feel as
they look towards the future.

A number of  issues including deterioration of  waterways
and ground waters, changes in coastal sedimentation and
loss of  biodiversity are seen by many claimants to be a
direct result of  the lost integrity of  the forest world. The
world of  Tãne has lost its mana, and he is no longer able
to provide for his children.

The goals and objectives of  Tãne’s Tree Trust reflect a
response that many claimants would endorse. However
the traditional Maori understanding of  the forest suggests
a different order of  priority to that of  the Trust, which,
amongst other values, strongly promotes the potential of
the major timber producing species of  the forest. Maori
see that as very important, but the first priority for many
would be to focus firstly on reinstating the integrity of
the forest itself, before focusing on those species within
the forest of  particular commercial interest.

Most members of  Tãne’s Tree Trust would agree with
that, even if  the primary thrust of  the Trust is the timber
species. A healthy functioning forest is the environment
needed to ensure the optimum growth of  the major trees
that make up the forest canopy, those that have potential
both for timber production and carbon credits.
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WEAVING MATERIALS

There were a wide range of  species in the forest used by Maori for weaving. Many of  the vines had particular uses, for
example, in the construction of  hinaki (traps) for catching eels. Fibre was needed that was durable in water for long
periods of  time which meant that materials other than flax were often used. Various trees provided dyes and preservatives.

There is no longer the same need today for many of  the traditional uses, as modern materials are readily available.
However there are exceptions. Kiekie is still very much in demand for weaving. This is an epiphytic vine found in mature
healthy forest, particularly in the North Island. It belongs in a natural forest community, but could be considered
unwelcome in forest managed for sustainable production. The importance of  such species as kiekie needs to be recognised
and respected.

3
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NGA MAHI WHAKAIRO - TIMBER FOR CARVING

There is growing demand for timber for carving. This reflects the revival of  traditional
Maori art forms. The demand far exceeds the supply. Various alternatives have been
used with varying success, however a very strong preference remains for those timbers
traditionally used by tupuna (ancestors), particularly totara, kauri, matai.

There is a realisation that if  those timbers are to be available in the future it is
necessary to ensure that trees are planted and cared for. It is a long term project, but
most are unperturbed by that, since Maori have been part of  Aotearoa for many
hundreds of  years. To leave a growing forest that contains trees that one day will
provide timber for waka, for wharenui, etc., is seen as the fulfilment of  a very serious
obligation to the coming generations.

The challenge is to actually begin the
planting of  trees. Maori land tenure is
complex and there are many demands
on the resources that are available. The
major issue for Maoridom at the
present time is the settlement of  the
Treaty Claims.
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Use of  various plants for medicine is a key part of
traditional Maori medicine. Again interest and use of
traditional rongoa is increasing at the present time.
This reflects a growing confidence in the therapeutic
value of  some medicinal plants long used by Maori;
benefits which are increasingly being verified by
researchers.

A major obstacle to the use of  traditional medicines
is a lack of  ready access to the trees and plants. Most
of  the plants used for medicine are secondary species,
best found in the regenerating fringe of  the forest, te
totara hoe. These species also serve as the nurse trees
for the major species, such as totara and kauri.

In many areas, the regenerating fringe of  the forest
has been so heavily infested with noxious pest plants
that native species struggle to survive. In some places
they have disappeared completely. The other issue is
that many of  these species are palatable to grazing
animals, be they domestic or feral. Both the
regenerating fringe and the understorey of  many
apparently healthy forests is depleted of  the species
most used for rongoa.

Maori experience suggests it is important not to
overlook the importance of  these secondary species
in the health of  the forest, and in particular the range
of  different species found in a natural forest. The
tendency in revegetation projects is to confine plantings
to those species that are easy and fast to propagate
and easy to establish. The economics make sense, in
the short term at least. However the long term effect
of  the lack of  diversity is yet to be fully understood.

Traditional Maori healers would hope, that in re-
establishing forest areas a consistent effort be made
to include, as far as possible, a full range of  species
that were historically present on the site. That should
ensure that the plants used for medicines will be
present. It should also help ensure that the health and
vigour of  the forest is optimised.

TRADITIONAL MAORI MEDICINE - RONGOA MAORI
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Trees used for Rongoa
The range of  species used by traditional healers varies from area to area, reflecting local traditions and local flora. Some
of  the most important forest species are given in Table 1.

Table 1: Plant species found in native forests that are used in Rongoa
Maori, traditional healing. Names vary from region to region, so in some
cases several Maori names are given.

Maori name

Karamu
Kanono/raurekau
Kawakawa
Tutu/tupakihi
Makomako
Mamaku
Tataramoa

Koromiko/kokomuka
Manuka
Mingimingi/tumingi
Kumarahou
Pukatea
Houhere/houhi
Whauwhaupaku/
parapara/puahou
Horopito
Poroporo
Kohekohe
Tanekaha
Kowhai
Mahoe
Ti kouka
Mangeao
Kamahi/tawhero.
Rangiora/wharangi
Mapou/matipo

Botanical name

Coprosma robusta
Coprosma grandifolia
Macropiper excelsum
Coriaria arborea
Aristotelia serrata
Cyathea medullaris
Rubus australis,
R. cissicoides
Hebe stricta
Leptospermum scoparium
Leucopogan fasciculatus
Pomaderris kumerahou
Laurelia novae-zelandiae
Hoheria populnea and other Hoheria species
Pseudopanax arboreus

Pseudowintera colorata
Solanum aviculare and Solanum laciniatum
Dysoxylum spectabile
Phyllocladus trichomanoides
Sophora tetraptera and other Sophora species
Melicytus ramiflorus
Cordyline australis
Litsea calicaris
Weinmannia racemosa
Brachyglottis repanda
Myrsine australis

Not all of  these species would be suitable as nurse trees for large scale plantings of  podocarps. However many will, and
the need to ensure that local biodiversity is reinstated would be better served by widening the range of  species used.
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LEAVING THE TAONGA OF  THE FOREST
FOR FUTURE GENERATIONS

The reason for focusing on reinstating the forest is to
ensure that coming generations will have access to the
taonga (treasures) of  the forest. These include the
physical resources that it has traditionally provided:
timber for carving; rongoa (medicinal plants) for health
and healing; materials for weaving; and various foods;
along with the many other taonga that are at the basis
of  Maori culture.

If  Maori lose their connection to the forest, many
believe they will lose a key part of  their identity. It is
the source of  their mana, and the foundation of
matauranga Maori, traditional knowledge. They see
the mauri of  the forest, its life force and life-giving
force as being compromised and therefore much less
able to protect all that belongs to it.

CURRENT CUSTOMARY USES OF  THE FOREST

Current Maori uses of  forest resources reflect traditional values and uses.
This use is increasing rather than diminishing, a reflection both of  the current
cultural revival, and the realities of  modern life.
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Maori and such transactions were often hampered by
divergent cultural attitudes towards exchange and
ownership. Most accessible forest had been removed
during earlier periods of  Maori settlement so extensive
planning to shift logs to ship-side was required, and
collections were more regularly from the less inhabited
areas such as the west coast harbours of  Hokianga and
Kaipara.

For this early trade kauri (Agathis australis) was by far the
most preferred species although some other species such
as kahikatea (Dacrycarpus dacrydioides) and tanekaha
(Phyllocladus trichomanoides) were also being cut and either
used locally or exported for secondary uses. In 1840, after
the declaration of  British sovereignty and signing of  the
Treaty of  Waitangi, naval timbers were more regularly cut
under licence from Crown reserves or purchased at prices
fixed by the Surveyor of  the Admiralty, located in
New Zealand.

EARLY SETTLERS

The forests, while usually of  great abundance, were not
a free resource. Traders had to purchase their trees from

Missionary activity over the same period focused on
encouraging the Maori population to participate in the
wood trade as a means of  both providing sustainable
enterprise, and lifting the social and economic well being
of  the people.

T        he forest’s place in New Zealand’s earliest historical
writing has usually been limited to accounts of  its removal
by saw and fire to make way for settlement. The
governments of  those early days gave greater priority to
settlement promotion than to protection of  the forests,
and their policies reflected this situation. Thus the timber
industry was often reduced to assisting with the clearance
of  land by cutting the trees prior to settlement, or was
directed to land not considered suitable for agriculture
as farming was accorded privileged status as the prime
land use.

The first use of  New Zealand’s native timbers by
Europeans was for the commercial mast and spar trade,
firstly to support the demands of  the British Royal navy
but later to supply timber to Australian merchants and
the growing local ship building industry. Speculative
trading voyages in the late 1700s gave way to commercial
shore-based spar and timber stations by the 1820s and
1830s, as the expanding communities of  New South
Wales and Victoria also required large quantities of
commercial construction and domestic building timber.
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DEVELOPING TIMBER INDUSTRY

Elsewhere species such as rimu (Dacrydium cupressinum)
and matai (Prumnopitys taxifolia)  were being cut for housing
and furnishings, but very little of  this was being sent
offshore.

The industry initially relied upon manual labour to square
and pit saw timber. By the 1840s, sawmills driven by water
wheels were in use and a decade or so later steam driven
plants were cutting 2-3 million board feet of  timber
annually. Scale and mechanisation meant that logs of
good size and shape were required for sawing, and in
significant quantities. The less common species were
frequently ignored during felling or were cut and left to
rot while the species present in commercial quantities
were extracted from the forest.

Over the period from 1840 to 1880 the timber industry
continued to develop. This development was based partly
on the demand for wood in Australia and further afield,
but also to support the rapidly growing domestic demand
for timber to supply housing, fencing, firewood and later
railway sleepers in the fledgling colony. The State also
came to play a greater role in this development, firstly
by attempting to facilitate efficient use of  wood from
Crown owned lands through various systems of  licensing.
However, by the 1870s, the wasteful use of  privately
owned forest and the overall rate of  deforestation was
causing some concern, and some cases of  soil erosion
were also being noted for the first time.

The location of  the industry was determined by the
patterns of  settlement. Auckland, Canterbury and Otago
had significant sawmilling operations running during this
period.  Because there was little inter-regional trade, the
species cut was determined by what was available locally.

End-use was guided by local Maori knowledge and
experience, although this quickly expanded to meet the
wider domestic and commercial requirements of  the new
settlers. Furniture production was being promoted as
early as the late 1840s and, from about this time, exports
of  sawn timber exceeded that of  masts and spars, topping
1 million board feet by 1847. Board feet (sometimes
called super-feet - superficial feet), is a unit of  measure
for the volume of  timber.  One board foot is the volume
of  a one-foot length of  sawn timber one foot wide and
one inch thick, approximately equivalent to 30 cm x 30
cm x 2.5 cm.

Wood products were New Zealand’s major export item,
a situation that continued for many years until the pastoral
farming industry surpassed it. Much of  the export activity
was from Auckland and Northland as kauri was still the
internationally recognised species.
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NGA MAHI WHAKAIRO – TIMBER FOR CARVING

NGA MAHI WHAKAIRO – TIMBER FOR CARVING
SAWMILLER’S INVENTORY

A typical sawmiller’s inventory would have included several native tree species, with availability dependent upon locality
(Table 1). Maori uses for the major timber trees are also described by Clifton 1990 and various other references.
In addition to native trees, a wide variety of  other native plants from shrubs to grasses were utilised  by Maori (refer
to Section 3.1 in this Handbook).

Table 1: Locations, wood properties and end uses of native timbers.

Pohutukawa
Metrosideros
excelsa,
Northern rata
Metrosideros
robusta,
Southern rata
Metrosideros
umbellata,
Puriri
Vitex lucens

Locations where cut

Auckland, Northland,
Coromandel, Great
Barrier Island

Throughout most of NZ

Northern South Island
and some higher altitude
areas in the North Island
As for hard beech

As for red beech but more
extensive in South Island

Throughout most of NZ
on wetter sites

North Island lowland
forests and Marlborough
Sounds
Northern half of the North
Island
Much of NZ but less
abundant in the far north

North Island and upper
South Island lowland
forest

Throughout NZ

Various parts of NZ
Pohutukawa and puriri -
northern half of the North
Island; rata spp.
throughout NZ

Recognised wood properties

Size, straightness, light, moderately
durable,easy to cut and work,
finishes well

Size, straight, light, moderately
durable, easy to cut and very
decorative, finishes well but hard
to nail when dry
Tough, strong and dense, but hard
to cut and work

Very stable but difficult to dry, light,
strong and finishes well
Pale, light, strong, finishes well,
bends readily when steamed

Pale, light, easily dried and worked
but non-durable timber, odourless
and tasteless

Soft light brow wood which takes a
high polish, easily worked

Ash-like strength and toughness

Strong, light, excellent finishing,
hard wearing, polishes well, dry
timber splits when nailed
Light coloured, easily dried
hardwood, moderately stable, works
and finishes well

Very durable, available in long
straight lengths, splits readily, light,
easily shaped and worked
Heavy, strong, dense, hard wearing,
good durability

End uses

Poles, masts and spars, vats
and tanks, large beams for
construction, panels and
finishing timber, furniture
Construction, joinery,
weatherboards, flooring,
panels and furniture

Pit props for mining

Brush blocks, dowels,
furniture and finishing timber
Interior joinery and furniture

Favoured for cheese and
butter boxes, fascia and
weatherboards, boat building
and kitchen ware
“NZ Mahogany”, furniture,
boat trim, crafts

Timber jacks, bullock yokes,
sports goods, boat frames
Door and window sills,
flooring, finishing, furniture

Furniture, interior fittings,
good turning timber, wooden
rollers, clothes pegs,
wooden tools and
instruments
Fence posts and battens,
house piles, exterior joinery,
crafts
Blocks, piles, bridge and
truck decks, doorsills, tools,
furnishings, crafts

Species

Kauri
Agathis australis

Rimu
Dacrydium
cupressinum

Hard beech
Nothofagus
truncata

Red beech
Nothofagus fusca

Silver beech
Nothofagus
menziesii

Kahikatea
Dacrycarpus
dacrydioides

Kohekohe
Dysoxylum
spectabile

Mangeao
Litsea calicaris

Matai
Prumnopitys
taxifolia

Tawa
Beilschmiedia
tawa

Totara
Podocarpus
totara
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DEVELOPING INDUSTRY

The nature of  the forest industry continued to develop
in tandem with settlement of  the country. Secondary
processing of  sawn timber (cabinet making, sashes and
doors, and furniture) sprang up as communities become
more consolidated. The basis for this industry was still
the native timber cut in the same general locality, however
coastal shipping permitted products such as silver beech
furniture to be sold in Auckland, and kauri timber was
regularly available in Wellington and the South Island.

From the early 1870s onwards pressure grew for a better
accounting for the harvest from New Zealand’s forests,
particularly in relation to expected future national wood
supply and demand. Attempts to establish a government
agency to address these issues initially received little
support, although in 1896 a forestry division was
established in the Lands Department.  The Forestry
Division immediately began trials with a range of
introduced tree species designed to meet New Zealand’s
future wood needs, and to provide a range of  wood
products. Experimentation with these foreign (“exotic”)
species was largely due to the widespread view that any
serious attempt to manage lowland native forest for
timber production would be both difficult and
uneconomic.

NATIVE FORESTRY IN THE 1900s

Meanwhile the native timber sawmilling industry was
reaching its zenith, cutting 433 million super feet of
lumber in 1907, a level of  production not achieved again
until 1949 when the harvest from exotic plantations was

well under way. Much of  this volume was destined for
export, providing valuable foreign exchange while rapidly
depleting the remaining forests as cutting shifted into
new regions to enable production levels to be maintained.
Most domestic wood consumption was still in the housing
and commercial construction industry, although a range
of  mouldings, weatherboards, and panels were cut for
the finishing, cabinet making and furniture industries.
Almost this entire product was consumed locally, the
exception being the kahikatea box industry that was
stretched to produce enough packaging material for rapidly
increasing butter and cheese exports.
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NEW ZEALAND FOREST SERVICE

seeking to impose controls to conserve both the forest
and its longer-term wood producing capability. Leading
by example it was also implementing extensive planting
programmes with exotic species to fill projected gaps in
the country’s future wood supply. The advent of  the
economic recession of  the late 1920s and early 1930s,
and the government’s need to find employment for those
put out of  work, resulted in a tree-planting boom that
exceeded the targets the Forest Service had recommended.
Nevertheless, pressure to cut the native forests continued,
with the Second World War generating accelerated

By the early 1920s the
newly formed NZ Forest
Service was expressing its

concerns about the “mining” of
the native forest resource, and was

harvesting activity for “essential defence purposes” such
as small boat construction, and packaging for exports
to Northern Hemisphere allies.

After the war a flurry of  economic expansion and house
building placed even more pressure on the native forests.
The exotic forests planted during the dark days of  the
depression were still quietly growing but the community
had become so accustomed to building with high-quality
native species that anything else was regarded as inferior.
The government was also reluctant to remove its price
controls on native timbers, a situation which favoured
their continued use but irked the Forest Service who
were strong champions of  conservation through market
pricing as well as other means. Consequently indigenous
timber production did not slacken until 1953.

CONSERVATION OF  NATIVE FORESTS

Before the first Maori settlers arrived about 1000 years
ago, over 75% of  New Zealand’s 27 million hectares
were covered in natural forest. The rest of  the land was
unsuitable for forest growth, being too wet, too high or
too dry. By the time European settlement got fully under
way in the 1840s, the forest cover had fallen to 53% and
it continued to decline throughout the colonisation period.

There is now strong commitment to conservation of
native forests, which are recognised as unique and distinctly
different from northern hemisphere forests. New
Zealand’s native plants have evolved over millennia in
relative isolation and the native tree species exhibit a
range of  form and colour that is unique to this country.

Some of  our protected native trees also have special
cultural significance, such as some of  the remaining large
trees in our once extensive kauri forests. Kauri grows to
be one of  the largest tree species worldwide. The famous
Tane Mahuta, in the Waipoua Forest, has a girth of  14 m
and is 51 m tall and 1,200 years old.  Considerably larger
kauri have been recorded.

As pressure has grown to preserve native forests, the
government has introduced increasingly restrictive laws
regarding native logging. Prior to 1975, it was legal to
convert native forest to other land uses. From 1975-84,
this activity was restricted on Crown land to selective
logging only. Since 1984, all native logging ceased on
Crown land  in the North Island and in 2000 in the South
Island, with the exception of  a few permitted areas.
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Today, 23% of  New Zealand remains under natural forest.
These forests include:

Largely unaltered natural forest in lowland and upland
areas;

Natural forest that has the general character and
appearance of  the original but has been modified by
human activity; and

Native forest which is being managed for commercial
wood production.

There are some 6.3 million hectares of  natural forests
today of  which 1 million hectares are privately owned
(Table 1). About one quarter of  the privately owned land
is under Maori freehold title. The desire to conserve this
remaining resource has led to increased interest
in renewable plantation forestry with native trees.

THE RESOURCE TODAY

Many native species are slow growing and not amendable
to plantation forestry. However, there are exceptions such
as totara (Podocarpus totara), which is now grown in
plantation on a small scale. Totara is culturally very
important to Maori and has superb wood properties and
finish.

The timbers cut from many other native trees also have
excellent wood properties, plus unique and desirable grain
and colour. Plantation forestry offers a means of  growing
a sustainable resource that can be used for high value
products in the future. Research and experimentation
into the silviculture of  native species is important to
developing the potential of  this promising resource.

Table 1: The resource of natural (native) forest in New Zealand in public and private ownership.

Public Natural Forest

National and Conservation Parks, DoC administered

Other Crown, etc

Local Authorities

Total Public Forest

Private Natural Forest

Maori owned

Other Private Natural Forest*

Total Private Natural Forest

Overall Total

Natural Forest Resource Percentage
of Total

Forest Area

77

5

1

83

4

13

17

100

* Approved Sustainable Forest Management Plans stand at c. 50,000 hectares with an approved sustainable harvest
(standing volume) of 80,000m3. (www.maf.govt.nz/forestry/forestry-in-nz/indigenous forestry).

(000 ha)

4952

297

45

5294

227

852

1079

6373
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Technical Article No. 4.1

INTRODUCTION:
Physiological factors

T      he basic physiological principles of  photosynthesis,
respiration, growth and development are similar in
all plants but the details of  how individual plants react
can be vastly different. In this article we focus on the
way in which trees respond to the major environmental
variables of  light, water and nutrients. This type of
analysis is sometimes called environmental ecology
and is the way in which plant physiology and ecology
are linked.

Trees, as distinct from herbaceous plants, (e.g. cabbages
and pansies) behave in a particular way to their
environment. This is most obvious during
establishment, and these differences are emphasised
here as establishment is the most critical phase of
tree growth.

The environmental factors of  temperature, light,
water and nutrients are the major influences on plants
in the field and are interconnected, seldom acting
alone. Light and temperature are closely linked, as
are water and nutrients. In order to understand how
these factors work on tree growth and distribution
the following account is in three parts:

Firstly a brief  look at the important plant structures
that are involved in the reactions;

Secondly we look at the major environmental
factors; and

Thirdly some real life examples of  how multiple
factors control important aspects of  plant
establishment.
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A reader may note in passing the distinction between the
observed responses to environment (empirical) and the
underlying principles (fundamental) that control that
response.

Critical Plant Structures
Apart from reproductive structures, plants can be reduced
to three critical structures that connect physically and
functionally to each other in significant ways.

Stems
Stems are vertical pipes constituting the wood and bark
of  trees and serve both to display the leaves and to act
as the pipelines or conduits connecting the leaves to the
roots. Water and soil nutrients pass up from the roots to
the leaves and sugars, produced by the leaves, pass down
and along the stem to the roots and other organs.

Roots
Roots are often forgotten but are equally important, and
in the establishment of  new plants they are critical. They

distribute horizontally and vertically providing support
for the plant and most importantly provide for the uptake
and transport of  both water and nutrients (see the Short
Digressions on Fine and Coarse Roots and on R/S to
see other aspects of  roots that are important for plant
establishment).

Mycorrhiza are fungi that most plants have on their roots where
they increase the surface area of roots aiding absorption of
nutrients. These ectomycorrhiza on the root system of a beech
tree can be seen as Y-shaped white tips attached to the roots.

A Short Digression on Fine and Coarse Roots
We distinguish between coarse roots being those thicker than about 1 mm and fine roots, being

1 mm or less. This structural difference has important functional significance because of  the large surface area
that fine roots display.

The ability to absorb water is a function of  the surface area of  a structure and this is true whether the structure
is alive or dead.  A root of  say 20 mm diameter has a low surface area to volume ratio of  0.2 while a root of
2 mm diameter has a surface area to volume ratio of  2. A 0.2 mm diameter root, which is about as fine as they
get, has a ratio of  20 which is 100 times as much surface for the same volume or weight as a 20 mm diameter
root. This is what separates coarse from fine roots. Fine roots are the organs that are critical in the uptake of
water and nutrients, and it is only the finest terminal roots that can effectively function in this way. In addition
to this most plants have associated fungal symbionts called mycorrhizas that extend the effective fine root area

way beyond the root

Leaves
For most plants, leaves are thin, flat, contain chlorophyll,
are normally oriented at right angles to the light and are
held above the ground. They function as light collecting
organs and are oriented to intercept maximum light.
Very importantly they are covered by a waterproof
layer (cuticle), which has
many thousands of
controlled pores,
called stomata,
opening into
the interior
of  the leaf.



Light, leaves and photosynthesis
Leaves are oriented to the sun, they intercept the visible
light and a small proportion of  that energy, no more than
5%, is converted by photosynthesis into chemical energy
in the form of  carbohydrate, which then becomes plant
structure. The leaf  is enclosed in a waterproof  cuticle,
which prevents too much water loss, but has thousands
of  small pores (stomata) that open in the light and close
at night (Figure 1). The number of  stomata varies widely,
but for New Zealand conifers varies from 22 per mm2 in
a mature rimu (Dacrydium cupressinum) leaf  to over 120 per
mm2 in tanekaha, which is illustrated in Figure 2 (Page 4).
(For those who know tanekaha (Phyllocladus trichomanoides),
you will  know that it does not have leaves but the organs
we see looking like leaves are actually flattened petioles).
These pores allow entry of  carbon dioxide (CO2) which
provides the basis of  photosynthesis and allows oxygen
(O2) to diffuse out. Water vapour also passes out of  the
stomata and this is equally important in understanding the
functioning of  leaves. The leaf  is therefore a gas exchange
organ and it is the stomata that control the influx and
efflux of  these gases.

Stomata open and close under the joint control of  light
and water availability. A simple model of  the daily activity
of  a leaf  will help to illustrate this. As the sun rises in the
morning stomata open, CO2 enters the leaf  and
photosynthesis commences. The top line of  Figure 3,
(Page 4) shows a normal rise and fall of  photosynthesis
during a day in which no significant water stress occurs.
The rate of  photosynthesis follows the increase in light,
peaks at midday and then falls away again. Most herbaceous
plants follow this trend in which stomata remain open all

THE MAJOR ENVIRONMENTAL FACTORS

day and photosynthesis is light dependent.  However
many woody plants, especially trees, respond as in line B
in Figure 3 . At some time in the morning photosynthesis
suddenly declines, not through lack of  light but because
stomata close in response to water stress. The open
stomata lose too much water and this signals a partial
closure of  stomata, which constrains CO2 uptake, giving
rise to what is called the midday slump of  photosynthesis.
Later in the day water stress is relieved and photosynthesis
increases as stomata reopen.

A Short Digression on Root Shoot Ratio (R/S)
Another feature of  roots is the balance between roots and shoot (shoot = stems + leaf). Plants in general have
a similar mass (weight) of  roots as shoots. This root/shoot ratio is a function of  normal plant growth and is

the expression of  the way in which plants allocate growth to either root or shoot.   Under low nutrition, especially
nitrogen and phosphorus deficiency, shoot growth may be reduced at the expense of  root growth and R/S may
go to two (i.e. twice as much root as shoot). You can think of  this as a mechanism by which the plant allocates
more growth to roots so that more soil is explored to obtain more nutrients. Conversely under low light R/S

may be as low as 0.5 i.e. twice as much shoot as root.

 The plant has a large element of  control over the allocation of  resources, and will allocate disproportionately
to that organ that is most limited, i.e. to shoots under low light and to roots under low nutrition and low water.

This has quite far reaching implications for seedling establishment, as we shall see later.

In summary the root system and the shoot system are complementary systems that often mirror each other in
uptake function and in mass; they both display high surface area and are strongly responsive to nutrients and

water (roots) and to light (shoots).

Upper epidermis

Palisade layer

Spongy layer

Lower epidermis

StomaGuard cell

3

Figure 1: A cross-section of a leaf showing a pore or
stoma which allows the controlled flow of the gases
CO2 into the leaf (arrows) and O2 to diffuse out. Water
vapour also passes out of the stomata.
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Figure 2: Surface view of underside of leaf, (technically a
phyllode) of tanekaha showing stomata as white dots. Bar
is 3 mm.
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Under heavy water stress the lower line in Figure 3 holds
and stomata remain partially closed all day, reducing critical
water loss but also reducing photosynthesis. Options B
and C are exacerbated under very dry soil conditions.
When the loss of  water cannot be contained the leaf  loses
most of  its water and wilts. For many plants, wilting and
recovery overnight can occur many times but if  a critical
amount of  water is lost the plant will die. These examples
illustrate the close coupling of  light, water and
photosynthesis in the SPAC (see panel next page).

and certainly overwhelms such grasses as paspalum which
has a temperature optimum of  27°C.

Amongst our native trees we can contrast kauri (Agathis
australis), with an optimum of  c. 24°C, due to its tropical
origins and affinities, with that of  New Zealand beech
(Nothofagus spp.), having a temperature optimum of  less
than 20°C due to its southern origins. These two species

optima for growth show marked differences across many
plants and these optima can often be traced to the climate
under which that plant evolved. One of  the best and
most dramatic effects can be seen every spring in ryegrass
pastures across New Zealand. Rye grass is a plant from
the temperate climate of  Europe it has a maximum
growth temperature of  17°C and every year the enormous
spring flush of  growth completely dominates our pastures

Some plants are able to grow and perform best in full
sun, while others are restricted to shady environments.
The former are called sun plants and the latter are shade
plants. Sun plants respond  to light as shown in
Figure 4, increasing their photosynthetic rate with
increasing light right up to 100% sunlight. Shade plants
show a photosynthetic saturation at low light levels often
as low as 20% of  full sun. Further light gives no further
increase, in fact will simply cause more water loss with
no growth benefit.

Temperature
Temperature has profound effects on how
plants grow and is one of  the main ecological
factors controlling plant distribution.
Temperature effects are of  two types; growth
optima (or maxima) and cold temperature
lethal effects. Like light it cannot be considered
on its own as temperature has important effects
on water, especially atmospheric water
(humidity). The so-called temperature

4

Figure 4: Photosynthetic response of sun and shade plants.
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Figure 3: Photosynthetic response of plants under varying water stress.
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Water and wind
Water and wind are so closely linked in controlling plant
growth they can be treated together. Water that controls
plant growth is of  two types, soil water and atmospheric
water. Soil water is provided by rainfall and soil moisture
availability is a function of  both rainfall and soil type.
Light soils store very little water and, for a given rainfall,
light sandy soils will be able to provide very much less
water than heavy clay or organic soils. Thus again we see
the interaction of  two factors, rainfall and soil, determining
the single factor soil water. In New Zealand we are
fortunate in having reasonable rainfall frequency, with
all months of  the year receiving some rain in most areas,
but periodicity is a significant variable in many parts of
the world.

are distributed in New Zealand areas that largely reflect
that temperature difference. However, in many cases it
is not the optimum that determines the range of  a species
but the minimum it can withstand, in other words - its
frost tolerance. The best example of  this is the 38°S line
in New Zealand which is the natural distribution limit of
many species, e.g. kauri, puriri (Vitex lucens), mangrove
(Avicennia marina subsp. resinifera) and pohutukawa
(Metrosideros excelsa). This has little to do with optimum
growth temperatures, which for these species is bound
to be on the high side, but has more to do with frost
tolerance. We know for example that all these species
can grow well outside that latitudinal range but are killed
by a ground temperature of  -2°C. Establishment is thus
highly constrained by the frost level that a seedling can
withstand.

SPAC
The three structural elements (leaves, stems, roots)

are interconnected and form what is called the
SPAC: Soil – Plant – Atmosphere – Continuum.
This linkage is critical to understanding almost all

of  the ways in which plants interact with their
environment. For example, there is a physical

continuity of  water from the soil through the plant
to water vapour in the atmosphere. The atmospheric
water deficit (drying power) draws water out of

leaves and draws water through the plant and thence
from the roots and the soil water. This is called the
transpiration stream. Understanding the controls
on this are fundamental to understanding how
plants work. Under dry conditions the flow of

water may be restricted, and the plant is put under
stress, which may cause it to wilt.

Atmospheric water, also termed humidity, is critical to
water loss by plants. At 100% humidity the atmosphere
is saturated with water vapour and wet surfaces cannot
lose water to the air. Hence, you can’t dry clothes in a
saturated atmosphere. A dry atmosphere, e.g., 70%
humidity, has enormous capacity to dry things and it is
this 30% water deficit at say 70% humidity that causes
plants to lose water from their stomata. The drier the air,
the faster is the rate of  water loss. Harking back to
Figure 3, the midday slump in photosynthesis can be
reduced by increasing humidity and thus decreasing
water loss. This is what the moist tropics are like.

So as humidity decreases, water loss by plants increases
and plants become stressed, not solely by soil water but
also by water demand from the atmosphere. It is this
characteristic that separates trees from herbaceous species
more than anything else. Trees ‘anticipate’ water deficits
by closing stomata during the morning as humidity
decreases, probably because the water conduction pathways
are so much longer. For this reason, an internal water
deficit can build up much more severely in a tall tree than
in a small cabbage plant.

Now this is where wind becomes important and interacts
with humidity. As water evaporates from the leaf, the
surface layers of  the leaf, called the barrier layer,
accumulate high humidity and this slows down evaporation.

Wind removes this barrier layer and stimulates more
evaporation and so wind accelerates water loss. This is
exactly the same phenomenon that we see with washing
on the line – it dries twice as fast on a windy day for
exactly this reason. This factor is critical to the
establishment of  native tree seedlings.

Nutrients and soil
A large number of  interrelated factors are controlled by
soils and nutrients. An initial one of  importance for
seedling establishment is compaction. While mature plants
can force through compacted soils, seedlings are less able
and soil may need ripping or otherwise treating.
Plants obviously require a suite of  mineral elements of
which nitrogen (N), phosphorous (P) and potassium (K)
are normally most critical. Almost all plants have fungi
on their roots called mycorrhiza that effectively increase
the surface area of  roots and enable them to obtain
nutrients that are in low supply. This is particularly
important for P, which is often in limiting amounts,
particularly in old soils.
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THREE PRACTICAL EXAMPLES OF  HOW PHYSIOLOGICAL
PRINCIPLES WORK AND CAN BE MANAGED

The natural establishment of  native tree seedlings can be observed in the field, and, using the empirical approach,
experiments can be conducted to confirm these observations. We can also attempt to understand from first principles
why such things should happen. Presented here are three examples of  observations, along with the practices and the

principles that underlie the observations.

Mulching of  seedlings is seen as useful and important in
seedling establishment. Certainly the natural regeneration
of  seedlings is often successful in an understorey with
heavy ground litter. The natural litter is usually leaf  and
twig material decomposing on the forest floor. When we
dig through this we find the fine feeding roots of  the
tree immediately below the decaying litter horizon
spreading out into the litter above and into the soil below.

Why is this important? There are two reasons relating
firstly to water and secondly to nutrition. The litter layer
reduces direct evaporation of  water and traps the moisture
rising from the soil below, thus conserving and
concentrating moisture in this zone. This provides an
additional benefit, as it is this soil zone where most of
the nutrients are concentrated. Keeping this area moist
allows the roots to proliferate there and encourages
nutrient turnover, providing a double benefit for plant
establishment. Such a scenario is even more beneficial
to seedlings planted out in the open where surfaces can
dry very rapidly and destroy those superficial fine roots
which are the water and nutrient uptake organs of  the
plant. An added benefit is the elimination of  weeds that
compete for water and nutrients. Thus, a mulch of  leaf
litter, chips, compost or even old carpet has significant
benefit to establishment.

Where practical, a mulch of leaf litter, bark, compost or even
old carpet helps trap moisture in the upper part of the soil,
encouraging root growth within this nutrient-rich zone. For
larger-scale planting, retaining the dead grass cover from pre-
plant spot-spraying of herbicide may assist in conserving
moisture in the short-term.

Shading seems to be the norm for tree establishment.
The majority of  native tree seedlings only thrive in various
degrees of  shade. Few are relatively shade intolerant,
such as totara which bucks that trend. Many (e.g., tawa
(Beilschmiedia tawa), matai (Primnopitys taxifolia), miro
(Primnopitys ferruginea), taraire (Beilschmiedia tarairi) ) will
only establish in sheltered environments, and others like
kauri, beech and maybe kahikatea may grow in the open
but certainly perform better in shelter. The reasons behind
these observations relate again to the light/moisture/wind
combination. A young seedling, especially a recently
planted one, is subject to enormous water stress. It may
have reduced root mass and it may take up to three
years for the root/shoot balance to be regained.

So while many plants can use up to full sun, the

Mulching with material such as bark or wood chips is
only likely to be practical on a small scale. However, for
larger-scale planting, the cover of  dead grass from spot
spraying planting spots is likely to assist conserving
moisture in the short term as newly planted seedlings
become established.

1. MULCHING

2. SHADING
reasons for shading and hence shelter are three-fold:

It reduces light therefore reduces stomatal opening
and thus, reduces water loss.

It reduces wind and therefore has a marked effect on
water loss.

It provides a wind-still environment where humidity
can build up.

The combination of  these three effects results in the ideal
environment, mirroring the natural shrub nursery that
supports seedling establishment. However, too much
shade will affect a tree’s ability to photosynthesise, so a
compromise approach is to provide partial shade or side
shade with a light-well.
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Left: This small group of puriri planted within a natural
gap in a manuka (Leptospermum scoparium) and
kanuka (Kunzea ericoides) dominated shrub cover are
benefiting from the side shelter provided by the
surrounding vegetation but still have overhead light to
encourage good growth.

Below: Different species tolerate different levels of
light such as shade tolerant ferns found within the
understorey of dense forest and emergent canopy
trees in full sun.

Kauri seedlings planted within artificial enclosures mimic the
shelter provided if they were regenerating within the shelter of
natural shrub vegetation.

Inset: A newly planted seedling is
subject to enormous water stress.
The side shelter reduces the wind
and therefore has a marked effect
on reducing water loss at the same
time as increasing humidity.

7
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3. ROOT PRUNING AND WRENCHING

CONCLUSION

All plants have a common physiology. However trees are
particularly sensitive to atmospheric water stress and
spend a lot of  time during the day with stomata partially,
sometimes completely, closed. Kauri is a good example
of  this – in open environments stomata partially close
by morning teatime, only to open fully again in the mid-
afternoon when the temperature drops and the humidity
rises. Knowledge of  principles that control a plant’s
growth and survival help us to design planting and
establishment regimes in which trees may thrive under
cultivation.

A good understanding of  the principles of  SPAC and
R/S applies to raising seedlings as open-ground transplants
as well as to the common practice of  transferring plants
from the wild to new sites. Plants require conditioning
involving root pruning and wrenching otherwise their
R/S can be markedly compromised.

Bare-root seedling production

Seedlings grown in a seedbed which are to be planted as
bare rooted or open-ground transplants are conditioned
before out-planting. This conditioning aims to develop
a compact fibrous root system up to 3 months before
lifting of  the seedlings. It involves:

1. Passing a sharp bar beneath the seedlings to cut off
the taproot after which they are left to recover, which
simply means they must grow new roots to compensate
for the lost ones;

2. Then several side cuts are made to sever side roots
and left to grow more roots. By this time, each plant
has a bunch of  new roots that can provide the plant
with enough water in the new environment; and

3. Finally, immediately before lifting, a wrenching bar is
used to jostle the seedlings to help further loosen the
soil to allow seedlings to be lifted easily by hand ready
for planting.

Mechanised root pruning and wrenching works extremely
well for radiata pine (Pinus radiata) where tens of  millions
of  pines are produced as one-year-old bare-root seedlings

every year for commercial forestry in New Zealand.
Production of  bare-root seedlings has been developed
for many native tree and shrub species and is being refined
with ongoing nursery and planting trials (refer to Section
5 on Seed and Propagation in this Handbook).

Transplanting wildings

To improve chances of  survival, transferring a native tree
seedling from the bush to a new site also requires
conditioning involving root pruning and wrenching.
Starting in late summer this firstly involves cutting the
tap root using a spade inserted on an angle beneath the
plant. Then the lateral roots are cut on the south, east,
west, and north sides sequentially over a period of  three
months. In this way roots are encouraged to regenerate
prior to removal. Toward the end of  the conditioning
period the plant should be relatively loose in the soil.

When the plant is moved, up to half  of  the foliage should
then be cut off  to ensure the R/S ratio is re-established.
This is especially necessary for larger seedlings.

A dense fibrous root
system has developed on

this manuka seedling
by a series of root pruning
and wrenching operations

performed by tractor
machinery over a 3 month
period before the seedling

is lifted for planting out.



1 Te
ch

ni
ca

l H
an

db
oo

k 
Se

ct
io

n 
4:

  R
eq

ui
re

m
en

ts
 fo

r E
st

ab
lis

hi
ng

 N
at

iv
e 

Tr
ee

s

Technical Article No. 4.2

F
INTRODUCTION: Lessons from Nature

       orests covered about 80% of  New Zealand prior
to human arrival (Leathwick et al. 2003).  With human
settlement, however, most of  these forests were
cleared particularly in the lowlands, so that original
forests now cover only about 23%.  But the
environments on this cleared land remain those
supportive of  trees, so the natural tendency of
vegetation growing there is to develop into forest.
Regrowing forests on previously cleared land in New
Zealand is therefore an exercise in directing and
accelerating the natural progression of  vegetation
change.

Because of  New Zealand’s long period of  geological
isolation, 80% of  New Zealand plant species are
found nowhere else in the world.  This is high by
international comparison and New Zealand is
recognised as one of  34 biodiversity hotspots in the
world, (www.biodiversityhotspots.org).  Important
native tree groups represented in New Zealand are
conifers in the family Podocarpaceae, members of

the southern beech family Nothofagaceae, and several
trees from families with subtropical affinities, such
as kauri (Agathis australis), puriri (Vitex lucens) and
kohekohe (Dysoxylum spectabile).  The high number
of  plants unique to New Zealand means that we
can’t rely on overseas information to learn how to
grow our native trees.  We must develop this
information within New Zealand and there is still
much to learn.

kauri
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Table 1 provides a somewhat conservative list of  native trees that growers might consider for plantations.  These species
were chosen and listed in rough order for their value as timber species, and because their ecology suggests they could
be adapted to some form of  plantation silviculture.  Other native species may be added to this list as our knowledge
of  them becomes more complete.

Remnant forests can still provide us with much
information about the range of  native species that we
might consider for plantation forestry and their ecological
requirements in relation to a proposed planting site.
Native forests in New Zealand can be divided into three
main types:

Beech forests that mostly occur in the South Island
and at higher altitudes.  Two-thirds of  remaining forest
in New Zealand is beech or with beech as a major
component.

Mixed conifer-broadleaved  forests that occur in the
lowlands of  both North and South Island and
the majority of  the south of  the North Island.

Diverse mixed forests with kauri as a dominant that
occur in the north of  the North Island

Plantation Forestry
As with all tree species used in plantation forestry,
New Zealand native trees evolved in natural forests where
their survival, growth and reproduction were affected by
the physical environments that prevailed, the disturbances
(e.g., windstorms, fire, landslides) that assailed them, and
by the other plants, animals, and fungi of  the forest
ecosystem they interacted with.  Responses to these
factors differ markedly between species, and identifying

Table 1:  Native trees with plantation potential

Conifers (softwoods) Broadleaved trees (hardwoods)

Common name

Red beech
Silver beech
Black beech
Puriri
Rewarewa
Mangaeo
Pohutukawa
Kohekohe
Hinau
Tawa
White maire
Black maire
Kanuka

Scientific name

Nothofagus fusca
Nothofagus menziesii
Nothofagus solandri var. solandri
Vitex lucens
Knightia excelsa
Litsea calicaris
Metrosideros excelsa
Dysoxylum spectabile
Elaeocarpus dentatus
Beilschmiedia tawa
Nestegis lanceolata
Nestegis cunninghamii
Kunzea ericoides

Common name

Kauri
Totara
Rimu
Kahikatea
Matai
Miro
Tanekaha

Scientific name

Agathis australis
Podocarpus totara
Dacrydium cupressinum
Dacrycarpus dacrydioides
Prumnopitys taxifolia
Prumnopitys ferruginea
Phyllocladus trichomanoides

the environments in which each species thrives and its
strategies for survival are important tools in selecting
species suited to a particular site, and in choosing the
most effective silvicultural regime in which to grow them.

We have, in New Zealand, developed a silvicultural regime
for radiata pine (Pinus radiata) that reflects its natural
ecology.  Radiata pine is a light-demanding pioneer that
tolerates infertile soils in its natural ecosystem, and our
management regime for this species reflects this. Pines
don’t tolerate shade so we plant them in open landscapes.
 This also means they don’t regenerate under their own
canopy, so replanting is necessary.  As pioneers, they have
wide environmental tolerances, so they can be planted
on a wide range of  sites.  They don’t self-prune like kauri,
so we must prune them for higher wood quality.  Many
of  our native trees have different ecological requirements
and characteristics to pine (and from each other), so
effective silvicultural management systems for these
species will differ from pine.
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(b) mixed conifer-broadleaved forests (c) diverse mixed forest with kauri

Native forest in New Zealand comprise three main types – (a) beech forest,
(b) mixed conifer-broadleaved forests, and (c) diverse mixed forest with kauri. Most of our native trees

have different ecological requirements to radiata pine, pictured at the bottom of the page.

Radiata pine is a light-demanding pioneer of infertile soils that is successfully planted
throughout New Zealand on a wide range of landscapes.

(a) beech forest
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ENVIRONMENTAL TOLERANCES AND SPECIES DISTRIBUTIONS

Tree species do not occur randomly or ubiquitously
across the landscape, but have defined geographical
distributions.  Some species are widespread while others
are much more limited in their ranges. For example, rimu
(Dracrydium cupressinum) is a widespread species that gains
its maximum abundances on the central plateau of  the
North Island, and the west and south coasts of  the

Figure. 1: Natural distributions of rimu, silver pine, kauri, and mangaeo (Hinds & Reid 1957)

South Island (Figure 1). Silver pine (Manoao colensoi) is also
widespread but is most abundant on the west coast of
the South Island.  In comparison, kauri and mangaeo
(Litsea calicaris) are much more restricted in distribution
to the north of  the North Island with greatest abundances
attained in Northland and Waikato/Bay of  Plenty
respectively (Figure 1).

Geographical

RIMU
Abundant throughout
Locally scattered

SILVER PINE
Abundant throughout
Locally scattered

KAURI
Abundant throughout
Locally scattered

MANGEAO
Abundant throughout
Locally scattered
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These variations in distribution reflect the ability of
different species to grow at different parts of
environmental gradients.  Analysis of  species
distributions in remnant forests along temperature
gradients suggest that kauri, kohekohe, and taraire
(Beilschmiedia tarairi) are most abundant in areas with
relatively high annual temperatures and winter minimum
temperatures well above 0°C; rimu and tawa ‘prefer’
moderate annual temperatures and winter temperatures
still slightly above 0°C; while matai (Prumnopitys taxifolia)
 and the beech species (Northofagus spp.) occur at highest
abundance at relatively low annual temperatures and
winter minimums below 0°C (Figure 2).

Species also distribute themselves along gradients that
reflect water availability.  In this case, matai, kohekohe
and titoki (Alectryou excelsus) are abundant in areas with
droughty soils and low humidities, whereas most of
the beech species, rimu and kamahi (Weinmannia racemosa)
require moist soils and high humidities (Figure 3).

Information on the natural distributions and
environmental tolerances of  native tree species is
important when deciding on appropriate species to
plant at any site.  The composition of  local remnant
forests can be a guide to which species grow successfully
in a region.  In some cases, microsites occur within
landscapes that can provide environments different
from the regional average, e.g., warmer or more humid,
and these can provide rare opportunities for species
that naturally may have limited occurrence in a particular
region.

Figure 2:  Annual and winter minimum temperatures at which
some New Zealand tree species reach their maximum

abundances (Leathwick et al. 2003).

Figure 3:  Annual soil water deficits (i.e. dryness of the soil) and
October vapour pressure deficits (i.e. dryness of the air) at which
some New Zealand tree species reach their maximum abundances

(Leathwick et al. 2003).
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Rimu performs better if planted
in small gaps that mimic canopy

gaps created by a windfall.

rimu kahikatea

kohekohe
Kohekohe has intermediate

tolerance of shade and prefers
to regenerate in a forest gap

created by a windfall.

mangeao

Temperature and water

A note of  caution with these analyses is that
they are based on natural forests which include
the effects of  competition between tree species,
so a species position on these graphs may not

reflect the exact point at which it grows
optimally without competition.

Shade-intolerant kahikatea
can dominate regeneration

on open sites. The natural distribution of
mangeao is limited to the

upper North Island.
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RESPONSE TO DISTURBANCE

Kahikatea (left) and totara (right) regenerate after catastrophic disturbance such as fire or flood to form relatively even aged
stands. Such species are likely to do well planted in single species stands.

In a natural forest with a complete and shady canopy,
opportunities for tree seedlings to successfully grow into
the upper tiers are limited in time and space.  Most must
wait until an existing tree (or group of  trees) dies and
opens up a canopy gap.  Canopy gaps in natural forests
generally form when there is some form of  disturbance
to the forest by, for example, a wind storm or the tree
fall of  a senescent individual.  Disturbances that affect
forests come at a range of  scales and frequencies, and
seedlings of  different tree species have different
characteristics that allow them to specialise in different
types of  canopy gaps.  However, the range of  regeneration
behaviours observed can be broadly grouped into
3 types - catastrophic, gap-phase, and continuous.

Catastrophic - occurs after some stand-destroying
event such as a fire, flood, windstorm, avalanche, etc.,
when a large canopy gap is created sufficient for many
trees.  Species that target regeneration in these gaps
have seedlings that are shade-intolerant, but tolerant
of  the exposure to winds and sometimes dry conditions
that can occur in these openings.  Often one species
will dominate regeneration in these openings leading
to an even-aged stand of  that species.  Examples are
totara (Podocarpus totara) , kahikatea (Dacrycarpus
dacrydioides), and, to a limited extent, kauri.  This suggests
that these species do well in plantations under relatively
high light conditions and can tolerate some exposure.

Gap-phase - occurs when regeneration of  species
occurs in small to intermediate-sized gaps caused by
the death of  one or a small group of  trees.  These
gaps may be caused, for example, by individual trees
falling during windstorms.  Species that target
regeneration under these circumstances are intermediate
in their shade-tolerance but are often sensitive to
exposure (open conditions) as seedlings. Many species
adopt this strategy, including rimu, puriri, mangaeo,
kohekohe, and hinau (Eleocarpus dentatus).  For these
species, silviculture that mimics these canopy gaps is
likely to be successful. This means providing adequate
side shelter in the form of  nurse plants or by artificial
means is important, with no or a very sparse canopy
immediately above the seedling to ensure light for
growth.  Continuous cover forestry seeks to mimic
this natural form of  regeneration, in which mixed
species plantations are likely.

Continuous - occurs when seedlings attain maturity
under a relatively closed forest canopy.   In practice,
there are few species that adopt this mode, and most

Totara regenerates after catastrophic disturbance and may
form a relatively even-aged stand.



Our native plants have evolved with a host of  other
plants, animals and micro-organisms in New Zealand’s
natural forests, and relationships with these species need
also to be considered when growing native trees in
plantations.  These relationships can be positive or negative
for tree growth.

Positive relationships
An example of  a positive relationship is that between
beech and ectomycorrhizal fungi.  The roots of  Nothofagus
species form associations with specialised fungi that
enhance the ability of  those trees to gain soil nutrients,
particularly phosphorus.  This association is so strong
that Nothofagus trees without such an association do very
poorly.  Although there are more than 226 species of
fungi that are likely ectomycorrhizal partners of  Nothofagus
species in New Zealand forests, many natural soils in
New Zealand lack fungi to assist the growth of  beech.
Therefore, when planting beech into soils that have not
supported forest for a while, it is prudent to include soil
or litter from a natural beech forest in or around the
planting hole as a form of  inoculation.

Negative relationships
Examples of  negative relationships for plantation foresters
are those between some native insect herbivores and our
native trees.  Puriri or ghost moth (Aenetus virescens) is
New Zealand’s largest native moth and only found in the
North Island.  Its caterpillars live for between 3-5 years,
initially feeding on fungal fruiting bodies on the forest
floor.  However, as the caterpillar grows larger, it bores
a tunnel into one of  a number of  native trees including
puriri, beech, black maire (Nestegis cunninghamii),
putaputaweta (Carpodetus serratus), wineberry (Aristotelia
serrata), and lacebark (Hoheria populnea).  It covers the
entrance of  these tunnels with webbing and feeds on the
live callus tissue around the entrance hole.  Such tunnels
negatively impact the timber quality of  infested trees.
Although no control mechanism is widely recommended,
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are characterised by shade-tolerant seedlings that are
able to persist for long periods of  time with little to
no growth, then grow when nearby gaps provide pulses
of  light, e.g., miro (Prumnopitys ferruginea), tawa
(Beilschmiedia tawa).  They tend to occur in forests with
a broken or uneven canopy, in which there are sporadic
opportunities for light to reach the forest floor, or
adopt other life history strategies to gain light, e.g.,
northern rata (Metrosideros robusta) starts life as an
epiphyte in the boughs of  other trees, and sends its

Insects can be a problem with
young native such as the
female cicada laying eggs into
small branches which leaves a
characteristic herringbone pattern.
Such damage can weaken the
stem and lead to breakage.

RELATIONSHIPS WITH OTHER FOREST SPECIES

kerosene injected into holes seems to kill the caterpillar.
Also, there may be an opportunity to prevent the
caterpillar’s journey from the forest floor up the trunk by
some form of  protection of  the lower trunk (as has
previously been used for codling moth).

Another herbivore of  native trees that could be a problem
for native plantations is the cicada (Amphipsalta cingulata).
The females of  this species lay eggs into small branches
and twigs in a herring bone pattern.  This can occur so
aggressively that the branchlet drops off.  Lloyd (1949)
noted such damage on a range of  native conifers including
rimu, miro, kahikatea and totara.  This type of  damage
can be negative when it occurs on the leader, delaying
growth while a new leader is established.  Lloyd (1949)
thought that this damage was most severe in situations
with ample light, so the use of  side-shelter or nurse plants
may have other advantages.

roots down to the ground. A strategy similar to the
gap-phase specialists is probably applicable to these
species, with emphasis on side shelter and overhead
light.

Therefore, knowledge of  the natural regeneration
characteristics of  the species being grown can indicate
the relative importance of  shelter and light to plantation
success.
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CONCLUSIONS

Although we have much to learn about growing native trees in planted forest situations, the
existence of  remnant native forests in New Zealand provides many lessons to guide silviculture.
The ecology of  native trees as observed in these forests can guide species selection for a particular
site, the silvicultural regime that will be most successful including the balance between providing
shelter and light, and in terms of  managing the other associated species that affect tree performance.

References:

Hinds, H.V., Reid, J.S. 1957:  Forest trees and Timbers of  New
Zealand.  New Zealand Forest Bulletin No. 12.  Government
Printer, Wellington.

Leathwick, J., Wilson, G., Rutledge, D., Wardle, P., Morgan, F.,
Johnston, K., McLeod, M., Kirkpatrick, R. 2003: Land
Environments of  New Zealand. David Bateman.

Lloyd, R.C. 1949:  Cicada damage in an indigenous forest.
New Zealand Journal of  Forestry 6: 64-65. Contact: Tãne’s Tree Trust

Website:  www.tanestrees.org.nz

Author: Bruce Burns, University of  Auckland

ISSN 2230-3014    April 2011. Revised May 2012. Printed by Scion Digital Print Centre, Rotorua

www.tanestrees.org.nz



1

E

Choice of 
Nursery Method
 - container or 

open-ground

INTRODUCTION
Te

ch
ni

ca
l H

an
db

oo
k 

S
ec

tio
n 

5:
  S

ee
d 

an
d 

Pr
op

ag
at

io
n 

of
 N

at
iv

es
5.

3 
C

ho
ic

e 
of

 N
ur

se
ry

 M
et

ho
d 

- c
on

ta
in

er
 o

r o
pe

n-
gr

ou
nd

.

Technical Article No. 5.3

Although large numbers of natives have been raised in containers, 
plants produced open-ground – forestry nursery style 

– are increasingly being chosen.

  stablishment of  native forest species is normally 
performed by planting nursery-raised plants grown 
from seed, although cuttings and wildings are used 
for some species (Davis et al. 2009). The method of  
choice for raising native plants has been the use of  
containers, first introduced  into the horticultural 
industry, including planter bags, impervious pots, 
peat pots, and root trainers.

The alternative method for raising nursery stock 
is in open-ground beds where plants are raised 
in the open and leave the nursery  bare-rooted. 
This is the method  used for more than 100 years 
for the economical production of  radiata pine 
(Pinus radiata) seedlings and to a lesser extent 
other tree species in the plantation  forest industry 
(MacLaren 1993).

While the vast majority of native 
trees and shrubs has been raised in 

containers over the last few decades, 
the use of open-ground beds for 

raising natives is not new. Kauri was 
raised in open ground beds from at 

least the early 1950s in New Zealand 
Forest Service nurseries (e.g. Reed 
1953; Morrison 1955). Research and 
operational programmes for raising a 
wide range of native tree and shrub 

species open-ground were underway 
at the Forest Research Institute 

nursery from the late 1950s 
(van Dorsser 2010).
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The role of  nurseries in producing cost-effective and 
well-conditioned planting stock is critical to native tree 
establishment in New Zealand. In this article we explore 
the merits of  these two plant production systems based 
on early work as well as recent fieldwork initiated by 
Mahurangi Action. This work has been supported 

by the Ministry for Primary Industries’ Sustainable 
Farming Fund, Tane’s Tree Trust, Scion, Future Forests 
Research, Auckland Council, Bay of  Plenty Regional 
Council, Waikato Regional Council and the Taupo 
Native Plant Nursery.

Both CG (container-grown) and OG (open-ground) 
methods for nursery production of  natives, when 
well executed, can produce the robust, well rooted  
planting stock that is critical to the success of  a planting 
programme.

Container-grown methods allow wide flexibility in 
planting programmes as stock can be held in the nursery 
and in the field until planting conditions are favourable. 
While CG plants may allow greater flexibility for the 
nursery, these plants are prone to root circling and root 
binding and subsequent poor establishment if  root 
distortions are not remedied prior to planting. A further 
disadvantage of  CG is the large weight of  potting mix 
to be carried to, and on the planting site.

The open-ground method, used almost exclusively in 
the exotic forest industry, was, until recently, rarely used 
for native species, despite effective techniques having 
been developed for them (Forest Research Institute 
1980; van Dorsser 2010). The open-ground method 
is well suited to large production volumes at low cost 
but, because the plants must be ‘lifted’ from their open-
ground beds to order and planted within the following 
few days, much tighter project management is required 
than for container-raised plants. 

Capital start-up costs for large-scale OG production 
requiring specialised tractor-drawn machinery for 
conditioning plants is prohibitive for small operations. 
Good quality flat land with free-draining soil is also 
required (Smith 2010).

The two major advantages of  OG plants, as seen in many 
trials with exotic species, are firstly the much-reduced 
cost of  production and secondly the production of  a 
conditioned plant with a compact, fibrous root system, 
ready to form new roots after planting.

CONTAINER VS. OPEN-GROUND NURSERY STOCK

Manuka, toetoe and koromiko raised in open-ground beds, 
Taupo Native Plant Nursery.

‘Open-ground’ or ‘bare-root’
 

‘Open-ground’ and ‘bare-root’ are often used 
interchangeably to refer to plants raised by open-
ground methods. Here, to avoid the impression 
that the terms refer to different methods, 
‘open-ground’ is used throughout, while ‘bare-
root’ refers to the state of  the plants raised in 
open-ground beds when they are lifted from 
the bed, packed, transported and replanted.
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CONTAINER STYLES AND SIZES

Lightweight containers filled with moist, nutrient-rich 
potting mix provide an ideal rooting environment for 
developing plants. Choice of  container will depend on 
species grown and the age and size of  plants required. 
Most container-raised native shrubs and trees are 
produced in containers of  three broad types:

•	 Planter bags made of  flexible black 
polythene, usually PB¾, PB2 or PB3 where 
number corresponds to capacity of  the bag, 
measured in pints—a PB3, 3 pints, or  
1.7 litres. Bag diameter ranges from about 
10 to 15 cm, height about 14 cm. Cost of  
seedlings varies from $2 to $5 per seedling, 
depending on the size of  bag and volume of  
order.

•	 Semi-rigid pots are increasingly being used, 
particularly by nurseries using mechanisation. 
Because the pots are tapered, they are readily 
removed from the root ball, increasing their 
recycling potential. Sizes are in litres. Cost of  
plants raised in semi-rigid pots is similar to 
the equivalent planter bags.

•	 Root trainers are commonly available in two 
sizes:
-	Tinus root trainers come in 20 cm high 

“books,” each  having four cavities 5.1 x 
3.8 cm in size. The hinged books open for 
easy removal of  seedlings and 12 fit into 
a wire cage that holds them upright and 
elevated so that any roots that protrude 
below the container are “air pruned”. 
The compact form of  the cage makes root 
trainer plants cheaper to transport and easier 
to manhandle on the planting site than trays 
of  planter bags or pots. However the plants 
are much smaller, reflecting the limited 
space available to each individual. 
Cost per seedling ranges from $1-2.

-	Hillson root trainers are 12.7 cm high, each 
book having four cavities 3.8 x 3.8 cm. 
Hillson root trainers have less than half  the 
volume of  the Tinus version, and only 9.4% 
of  the volume of  a PB3.

There are a wide range of  other containers used for 
natives including peat pots of  different sizes and 
moulded cavity trays featuring a range of  sizes and 
number of  cavities.  These are sometimes used in 
mechanised production systems. However the vast 
majority of  natives are raised in planter bags, semi-rigid 
pots and root trainers.

Plants raised for nine months in open-ground nursery 
beds (left); 1.2 -litre semi-rigid pots (centre); and in 
Hillson-sized root trainers (right).

Koromiko

Manuka

Karamu

Container-raised plants are often transferred from seed 
trays to small propagation cells before potting-on to final 
containers.
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Plant conditioning

To produce conditioned well-rooted plants, they are 
provided with adequate individual space to develop 
robust tops and to respond to mechanical treatments 
aimed at developing compact fibrous root systems.  

These treatments are carried out during late summer 
and autumn, and comprise the following:

•	 Undercutting – cutting of  tap roots at a 
pre-determined depth;

•	 Wrenching – a loosening operation to 
encourage fibrous root development;

•	 Lateral Pruning – cutting lateral root growth 
between adjacent rows;

•	 Box  Pruning – cutting lateral root growth 
between trees in the row; and

•	 Topping – when necessary to contain excessive 
height growth.

Resultant, well-developed plants have dense, fibrous 
root systems close to the tap root. Plants are lifted from 
the beds by hand with the aim of  preserving the fibrous 
root mass; excess soil is gently shaken off, and straggly 
roots trimmed.

Trimming of straggly roots systems of bare-root seedling 
at lifting. 

Cool moist storage is essential between lifting and planting 
for bare-rooted plants. Where possible, placing seedlings in 
a cool store provides ideal short term storage.

Handling after lifting

Once lifted, OG plants, essentially free of  soil, are light 
to transport and should be kept cool and moist prior 
to planting within a few days (ideally within 3 days of  
lifting). In contrast to CG plants that can be reserved 
for use over an extended period, OG plants have a 
relatively short ‘shelf-life’ between removal from the 
open-ground beds and planting.

OPEN-GROUND METHOD
 
The production of  bare-rooted plants

The philosophy and practice of  open-ground techniques 
is to produce plants that are physiologically conditioned 
to allow them to be transported and planted in a bare- 
root state.  

Techniques for the OG production of  many native 
trees and shrubs were developed by the Forest Research 
Institute in the 1950s and 1960s, and used for forest 
rehabilitation by the New Zealand Forest Service 
(Forest Research Institute1980; Bergin and Gea 2007). 
For large-scale afforestation the costs of  production 
are significantly less than for CG plants (van Dorsser 
2010). 

Typically seed is germinated indoors in seed trays, 
similar to the prevailing practice in container nurseries. 
Once sufficiently developed and hardened off, the 
seedlings are transplanted into open-ground beds with 
the plants spaced at 15 x 15 cm, or wider when plant-
growth habit demands. The technique provides root 
volume at least twice that of  containers set out at the 
same spacing.
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While many species respond well to conditioning, once 
bare-rooted they can be intensely sensitive to drying 
out and need special attention to avoid transplantation 
shock and transport desiccation. Care in keeping root 
systems wet and cool after lifting, and during storage 
and transport is critical. Stored plants should be watered 
every day until planted.

Open-ground aptitude

Differing physiology means that some species are 
particularly well suited to the open-ground method. 
Species such as totara (Podocarpus totara), kahikatea 
(Dacrycarpus dacrydioides), many of  the Coprosma species, 
manuka (Leptospermum scoparium) and kanuka (Kunzea 
ericoides), readily develop dense fibrous root systems 
in response to root conditioning during the process 
of  open-ground production. Harakeke responds 
particularly well by virtue of  its rhizomatous root 
system, and is relatively immune to desiccation during 
the transplanting and planting stages.

In contrast, some native species such as kauri (Agathis 
australis) (Bergin and Steward 2004), tawa (Beilschmiedia 
tawa), rewarewa (Knightia excelsa), and some Pittosporum 
species can be reluctant at forming fine feeding roots. 
Kauri, and to a lesser degree rewarewa, often have one 
or more woody vertical taproots and a feeble network 
of  fibrous roots irrespective of  whether raised in con-
tainers or in open-ground beds. Further research aimed 
at increasing fibrous root development of  these species 
is required.

Plant size

Size of  nursery-raised plants can be measured in terms 
of  plant height, canopy cover and root collar diameter. 
All of  these parameters are influenced by the time taken 
to raise plants in the nursery as well as the method of  
raising and lateral space allowed for each plant during 
the nursery phase. 

CG plants are normally grown close together to 
conserve valuable greenhouse or shadehouse space. 
Although smaller individual containers could be spaced 
out in the nursery to allow room for more foliage, and a 
more squat form to develop, in practice they are grown 
container-to-container both to conserve standout space 
and to limit capsize. Root-trainer plants are, by design, 
confined by ‘books’ tightly packed into wire frames 
with very limited growing space.

NURSERY TRIALS

In an evaluation of  OG and CG nursery stock of  
six native species commonly used in revegetation 
programmes, canopy spread of  most species of  
OG plants, nine months after seed sowing, was 
greater than that of  CG plants (PB3 bags), which 
in turn was greater than that of  plants in small 
containers (Hillson root trainers) (Bergin and 
Cole 2010; Smith 2010). Root collar diameter 
of  OG plants was on average twice that of  CG 
plants and three times that of  plants in Hillson 
root trainers.

OG plants had better-developed shoot growth 
than plants grown in containers probably related 
to the available soil volume (including nutrient 
source) and space for canopy expansion. Nursery 
area allocated to each plant in this trial was: 

•	 20 x 20 cm in open-ground beds 
(equivalent to 25 plants per m2);

•	 15 x 15 cm in PB3 containers or 
equivalent (44 plants per m2);

•	 5 x 5 cm in Hillson-sized root 
trainers (400 plants per m2).

Stem diameters (at root collar) of 9-month-old 
open-ground plants (left) were on average twice 
those in pots (centre) and three times those in 
root trainers (right) - koromiko pictured.

High volume open-ground production will result 
in plant spacing in open-ground beds reduced 
from the 20 cm plant spacing used in the trials to 
15 cm between plants, similar to PB3 containers 
at 44 plants per m2 and therefore with similar 
space for shoot  development. This plant spacing  
has been standard practice for native plants used 
at the Forest Research Nursery (now Scion) over 
the last three decades.

Plants raised in root trainers were particularly 
spindly in the trial reflecting a growing space of  
only 25 cm2 whereas seedlings raised in larger 
containers such as PB3 planter bags have up to 
nine times the area (225 cm2) available for crown 
development .

EVALUATION OF PLANTING STOCK
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While plant tops are easily checked for vigour, size and 
presence of  fungus and insect damage, the development 
and health of  root systems is not routinely assessed for 
CG stock, while OG plants are readily inspected when 
lifting and culling takes place.

Root distortion can occur at the base of  the stem when 
seedlings are transferred from the seed tray to the 
propagation cells. This can be difficult to identify later 
and can lead to root strangulation and tree toppling.

With CG stock, ideally plants will have been transferred 
to a larger bag or potted on as soon as the roots have 
bound the available potting mix in the first container. 
Any root distortion found during repotting must be 
rectified at the time to avoid later root strangulation 

Check that container-grown plants are not rootbound; reject 
seedlings with grossly distorted root systems. 

and toppling.

Before planting, a random selection of  plants, both OG 
and CG, should be carefully inspected. Root systems of  
OG plants should be inspected at lifting and those with 
distorted or poorly developed roots should be rejected 
if  defects cannot be rectified. Roots of  lifted OG plants 
should be trimmed to a compact root system. 

For CG stock a sample should be removed from 
containers to check root development and quality. 
Where root systems are rootbound, have distorted 
taproots, or have poorly developed fibrous feeding 

Root growth

roots, then whole batch should be rejected if  the 
defects cannot be rectified. If  the root systems have 
not had sufficient time to develop after potting-on into 
larger containers, the potting mix will fall away and root 
exposure may increase transplanting stress .

Rootbound plants should ideally be rejected. If  they 
have to be used, the root mass should be loosened and 
any fibrous roots teased out or cut to encourage growth 
into the surrounding soil after planting. Seedlings with 
grossly distorted or underdeveloped root systems 
should be discarded.

Nursery-raised seedlings have been planted out on several sites in the upper half of the North Island to compare performance 
of seedlings raised as open-ground plants, in large containers or in root trainers. There has been wide interest in field-based 
workshops including these trials in the Taupo catchment with Tane’s Tree Trust and NZ Farm Forestry Association members, 
and with regional council Land Management Officers. 
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Table 1:  A comparison of plant size, estimated bulk cost, storage times, transport capacity and times involved at planting for 
open-ground and container grown plants for native shrub species commonly used in planting programmes.  

Open-Ground 1.2-litre pot or
PB3 planter bag

Large root 
trainer
(Tinus)

Small root 
trainer

(Hillsons)

Species available Most All All All

Mean plant height1 50 cm 55 cm Est. 50 cm 45 cm

Stem collar diameter1 8-10 mm 8 mm Est. 6-7 mm 5 mm

Space available for 
crown development2 15 x 15 cm 15 x 15 cm 5 x 5 cm 4 x 4 cm

Estimated bulk cost3 $.50-$1.50 $2.60-$3.35 $1.50 $.90-$1.50

Estimated shelf life 
before planting4

1-3 days after lifting
(max. 10 days cool storage)

Several months
(max. 6 months)

Several months
(est. 3 months)

Several months
(est. 2 months)

Transport plants per 
m2 of truck deck 480-800 120 500 720

Transport on site – 
plants carried by one 
person

20-50 depending on species 8-12 48 (based on 12 
books packed 
into wire cage)

60 (based on 15 
books packed 
into wire cage)

1. Based on average of the shrub hardwoods karamu, koromiko and manuka raised from seed within 12 months of sowing (Bergin and Cole 2010).
2. Based on cross-sectional area of containers and OG plants lined out at 15 x 15 cm spacing.
3. Low plant cost estimates based on planting minimum 20-hectare restoration project at 1.5 x 1.5 m plant spacing (approx. 4444 stems/ha) 

(Philip Smith, Manager, Taupo Native Plant Nursery, pers. comm.).
4. Estimated time container grown plants can be held in the nursery before planting is largely dependent on degree of root development before  

distortion occurs.

PERFORMANCE AFTER PLANTING

It might be considered that CG plants with intact 
roots surrounded by potting mix might survive better 
than OG stock after planting out. However this has 
not been the case and a number of  trials comparing 
the establishment performance of  OG vs. CG plants 
have been carried out to show there is no significant 
difference in growth rates or survival. 

Results of  these trials, of  native shrub hardwood 
species commonly planted in revegetation programmes, 
measured up to five years after planting are provided in 
Technical Article No. 5.4 in this Handbook.

COMPARING COSTS 

A comparison of  plant characteristics, operations at 
planting time and estimated nursery costs is provided 
for the more commonly planted native shrub hardwood 
species used in revegetation programmes in Table 1. 
OG stock is potentially half  the cost of  the commonly 
produced larger CG options. However, estimated ‘shelf  
life’ after lifting OG stock is very limited compared to 
container options (e.g. Smith 2010). 

A significant cost for large container stock is the space 
that it takes up during storage and transport compared 
to OG and the small root trainer stock. Plants raised in 
PB3 planter bags require at least four times the space 
for storage and transport compared to OG stock. 
Similar numbers of  OG stock can be transported to 
the site and carried around the planting site as the root 
trainer stock (Table 1). 

7
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Technical Article No. 5.4

- a comparison of container  
and open-ground plants

Collaborative project

This work, made possible by a 
grant from the Sustainable Farming 

Fund, builds on a previous SFF 
project initiated by Mahurangi Action. 

Collaborators include Tāne’s Tree Trust, 
Lake Taupo Protection Trust, Auckland 
Council, Waikato Regional Council, Bay 
of Plenty Regional Council, Scion and 

Future Forests Research, and 
Taupo Native Plant Nursery.

Trials comparing the establishment performance of 
New Zealand native shrubs raised in open-ground 
nursery beds with those container-raised. Site now 

forms part of the Mahurangi Farm-Forestry Trail.

   he previous article describes two quite different 
methods used to raise native plants in nurseries: 
containers and open-ground beds. This article reports 
on the establishment performance of  plants raised 
using the open-ground method and two common 
types of  container. These results were obtained 
from planting trials established in three North 
Island regions since 2008 using a variety of  native 
shrub hardwood and monocot species. The trials 
have recently been re-measured providing a good 
indication of  the establishment performance of  each 
nursery method, three to five years after planting.
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Nursery methods

This article reports on the establishment performance 
of  plants raised using the following 3 methods:

1. open-ground
2. pot, semi-rigid (1.2-litre) or 

planter-bag (PB3, 3-pint/1.7-litre)
3. root trainer (Hillson-sized)

Although some planter bag plants were used in the 
trials, for simplicity here both planter bags and pots are 
mostly referred to as pots.

Dissimilar siblings—although grown from the same seed 
source and germinated at the same time, because open-
ground, pot and root trainer plants, progressively, have less 
room for canopy and root development, their respective 
sizes at planting differ markedly (see Technical Article 5.3).

PLANTING TRIALS

Trial sites

Planting trials were established in three North Island 
regions:

•	 Auckland region – Sandspit Road, Silverdale 
(a hill country site and a river terrace site);

•	 Waikato region – Waihaha, western Taupo; 
•	 Bay of  Plenty region – near Rotorua at 

Ngongotaha and Rerewhakaaitu.

Sites ranged from marginal erosion-prone hill country 
to recently retired riparian zones characteristic of  
productive landscapes throughout New Zealand. For all 
planting trials the trial layout is a randomised complete 
block design.

Species 

The trials focussed on evaluating the performance of  
the native shrub species commonly used in forestry 
revegetation programmes. These were raised in less 
than one year at the Taupo Native Plant Nursery. 
Seven species were raised by each of  the three nursery 
methods, and used in most of  the planting trials: 

•	 harakeke (flax, Phormium tenax)
•	 karamu (Coprosma robusta)
•	 koromiko (Hebe stricta)
•	 manuka (Leptospermum scoparium)
•	 ti kouka (cabbage tree, Cordyline australis)
•	 toetoe (Austroderia fulvida and A. fulvida)
•	 kohuhu (Pittosporum tenuifolium).

River terrace site at 
Silverdale, Auckland region, 
6 months after planting the 

trial with native shrub species 
(right) and 4 years after 

planting (below).

(Right) Kohuhu raised in a PB3 
planter bag 4 years after planting in 
the Ngongotaha trial, near Rotorua 

– pole is 2m high. 

(Above) Kohuhu planted 4 years 
at Ngongotaha. Rows with smaller 
seedlings and gaps indicate the 
relatively poor establishment 
performance of the root-trainer 
plants, compared with plants raised 
open-ground or in planter bags
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Site preparation and planting

In the Auckland region trials, rank grass sites were 
mowed before planting while recently retired sites had 
been grazed to leave short grass swards. There was no 
pre-plant spraying with herbicide. 

At the Taupo and Rotorua trials, pre-plant spot spraying 
was used with glyphosate, surfactant and marker dye 
at label rates. For Taupo trials, rabbits and hares were 
excluded by the erection of  a rabbit-proof  fence and 
laying of  pindone poison immediately after planting. 

Plant spacing for the Auckland region trials was 
1.4 x 1.4 m (5102 stems per ha) and 1.5 x 1.5 m (4444 
stems per ha) elsewhere. Weeds were controlled at least 
twice per year for up to a maximum of  2 years after 
planting using glyphosate applied by knapsack sprayer.

PLANTING PERFORMANCE

Growth across all sites

Mean survival, and mean annual increment for height 
and crown spread for the 7 species within the first 3-5 
years after planting across all sites is given in Figure 1. 
Survival averaged more than 80% for 6 of  the 7 species 
and across most nursery methods, except for root-
trainer ti kouka which averaged less than 40% survival, 
and for toetoe which averaged less than 60% survival 
for all nursery methods. 

Height and crown spread increment was similar if  not 
better for open-ground plants across most species 
compared to pot or planter bag plants (Figure 1). 
Manuka height growth for open-ground plants was the 
fastest for all species and methods. Height increment 
of  root trainer plants, particularly for the monocots ti 
kouka, harakeke and toetoe, were less than the woody 
shrub hardwood species. 

Differences in planting performance

There are exceptions for some species raised open-
ground. Consistently higher survival was a feature of  
manuka raised in the pots across all sites, compared 
to open-ground or root trainer plants. However, 
this advantage is likely to be more than offset by the 
significant cost difference between the nursery methods.

It can be difficult to form a compact fibrous root 
system open-ground with species such as Pittosporum, 
which tends to stay sparse and woody without extra 
care in root conditioning. This was reflected in poor 
survival of  open-ground kohuhu plants in the Bay of  
Plenty and Taupo trials. 

Harakeke survival was similar for open-ground and 
pots, with root trainers, particularly in most of  the 
North Auckland sites, significantly less.

Survival of  karamu was reduced in the first year after 
planting at the Taupo site due to an out-of-season frost, 
but there has been no significant additional mortality in 
the second and third years after planting.

Planting trial on a retired steep hill slope at Waihaha, 
western Taupo, 2 years after planting comparing the 
3 nursery methods – open ground, pots, root trainers. 
Note the 3-tree rows for each species as part of the 
randomised complete block design (inset).
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Figure 1: Mean annual increment of height and crown spread, 
and mean survival, for the 7 native species raised open-ground, 
in pots (or planter bags) and in root trainers, 3 to 5 years after 
planting. Not all species were trialled at all sites. Error bars 
indicate standard errors.

CONCLUSIONS 

In general, there was no significant 
difference in survival and growth 
within the first 3-5 years between 
plants raised open-ground and in 

the larger containers (1.2-litre pots 
and PB3 planter bags) for the shrub 

hardwood and monocot species 
trialled. Higher mortality rates and/or 
maintenance costs, and slower growth 

can be expected in plants raised in 
small containers (Hillson-sized root 
trainers) with losses largely due to 
spindly plants being overtopped by 
grass competition, especially where 

timely weed control is not carried out.

These trials only evaluated 
establishment of  some hardy pioneer 

shrub hardwood and monocot 
species often used to provide a 

protective cover as a first step in 
revegetation of  indigenous forest. 
The results indicate an opportunity 
to significantly reduce the cost of  
establishing planted native forests 

using plants raised by the 
open-ground nursery method.
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Technical Article No. 6.1

INTRODUCTION: Selecting a Site

W          hen selecting a site for planting of  natives,
including for the option of  establishing a productive
native forest, several factors must be considered.
These include topographical features of  the site, soil
type, climatic conditions, pre-plant vegetation cover,
and various other miscellaneous factors. These site
factors are set out in Figure 1 where they are grouped
according to their importance and ease of
modification.

The failure of  many planted native stands in the past
is often attributed to the poor siting of  stands where
species were not matched to appropriate sites. There
are many site specific reasons that can contribute to
the failure of  planted natives such as severe exposure,
highly competitive exotic vegetation and extremely
poor soil conditions. Any one of  these site specific

factors can be sufficient to cause poor performance
and high mortality of  planted seedlings. Often natives
are planted on the worst sites at the back of  a
property with poor access where they receive little
after-planting care. The best sites are invariably
allocated to pasture and pines.

Specific aspects of  each of  the factors (topography,
soil, climate, vegetation) are discussed in greater
detail in relation to establishing planted stands of
native trees where there is a long-term option of
timber production. Figure 2 provides a summary of
these factors to be considered when selecting a site
for planting natives. Many of  these environmental
factors discussed here complement physiological
factors of  trees and environment covered in Technical
Article No. 4.1 in this Handbook.
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Establishing a plantation of native trees on steepland will add significantly to cost and management difficulties, as it does for exotic
production forestry on steep hill country.

The major issues faced by potential forest growers relate
to the steepness of  the land. Steeper land is more prone
to erosion and the construction of  access routes can
provide difficulties and add cost, both for the establishment
and later logging of  commercially harvestable species.
Sites which are distant from all-weather roads and where
the construction of  good access will be difficult and costly,
are best not planted with commercial forest unless the
timber value is guaranteed to be high enough
to permit aerial lifting of  logs or sawn timber.
Aspect has an effect on tree growth with north facing
slopes being drier than south facing. This can be a problem
where summer rainfall is low. In such circumstances, trees

will grow better on south facing slopes. On the other hand
south facing slopes are colder, resulting in slower tree
growth.

TOPOGRAPHICAL FACTORS

Because most topographical factors cannot
be modified, the best forest sites are those
which are accessible in all weather, are not
prone to severe erosion and with most slopes

less than 20° (35%).



Flooding Damage/death from water impact or creation
of anaerobic conditions. Many species can
only survive in saturated soils for a few days

Seed dispersal is essential for regeneration

OTHER
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Weed competition

Seedlings killed from 0 -15°C depending upon
species

Weight of snow and freezing following snow
fall

For many species threshold temperature is
about 15°C

The longer temperatures are over 15°C the
more time a tree has to grow

Weeds compete with trees for available soil
moisture

Most trees have a symbiotic relationship with
one or more fungal species; the latter assisting
the former to obtain and process essential
elements

CLIMATIC

VEGETATIVE

Preferably < 20° over bulk of area. Easy
- rolling country best

Soil is difficult to dig and for roots to
penetrate

Range 5.5 to 7 for most trees

Site Factor

TOPOGRAPHY

Condition / Problem / Comment

Roading, preferably all weather, at least
to edge of site

Minimal slip/slump erosion

EDAPHIC

Specific Aspect

Accessibility

Erosion

Reason

Good access reduces time needed to get on
to block

Lack of erosion indicates reasonable stability

Flatter country is easier and less costly to
work than steep

Soil hardness

pH

Correct levels of elements essential for
good growth

Soil fertility

Different species have different degrees
of cold resistance

Snow can cause death from coldness
and/or damage from breakage

Plants require certain minimum
temperatures to begin growth

15°C is a threshold temperature for
many tree species

Very few trees grow well on excessively
wet sites

Waterlogged
sites
Summer soil
moisture

Drought

Either summer rain or the ability of the
soil to hold moisture

Lack of moisture reduces growth rates
and can cause death

Some ground moisture available through
dry seasons

Dry season rainfall

Windiness

Saline wind

Light levels

Frost

Snow

Mean
temperature

Month’s mean
temperature over 15°C

Existing nurse
cover

Improves tree growth and survival Provides shelter from wind, frost and hot sun.
Care must be taken to ensure that the nurse
does not unduly deprive the tree of light and
moisture.

Mycorrhiza

Figure 2: Specific site factors to be considered when selecting a site for the planting of native trees.

Kills or damages trees

Slope

Continually wet soils are anaerobic

Trees need moisture to grow when it is warm

Trees need water to grow

Trees will grow through summer and autumn
when there is adequate moisture

Affects tree stability and direction of growthExcessive windiness causes uneven
growth inducing stresses in the timber.
Tree height reduced and trees toppled
on poor or excessively wet soils.

Saline wind burns the foliage and buds
 of most trees

Light is required for photosynthesis

Only some species, e.g. pohutukawa
(Metrosideres excelsa) are salt resistant

Many species require high light levels to grow

Reduces tree growth

Absence of mycorrhiza specific to a tree
species means tree growth is reduced
or not possible

Bird and wind spread seed essential for
health of forest

Seed sources

Animal populations need to be kept low,
especially when seedlings are present

Destruction of seedlings and damage
to larger trees and consumption of seed

Noxious Animals

Fencing Requirement to prevent animal (both
noxious & domestic) from accessing
forest blocks

Domestic animals are very destructive as they
are usually more numerous than wild animals

Hard soils result in slower growth for most
species

Conifers will usually grow at lower pH levels
than broadleaves

Good growth requires adequate nitrogen (N),
phosphorous (P), and potassium (K) levels
plus necessary trace elements. Many species
grow adequately on poor soils but levels not
certain for many species



SOIL FACTORS

Unlike topographical features, many soil factors can
be modified. Probably the most important of  these
is soil hardness or compactness. Hard soils are
difficult for tree roots to penetrate and this will
greatly reduce growth rates. Deep ripping such sites
before planting confers a major advantage, but if
this is not possible the digging of  large planting
holes will at least give seedlings a good start.

Likewise the chemical condition of  the soil can be
modified by the addition of  lime to correct very
low pH, or the application of  nutrients which are
deficient. Soil moisture levels are a little more difficult
to correct but where summer drought is a problem
it may be possible to irrigate and excessively wet
sites can usually be drained.

5

The best sites are those where the soil:

is friable (but not too soft as this can
facilitate wind toppling);

has a pH in the range 5.5 to 7.0
(for most species);

has reasonable nutrient levels, especially
nitrogen and phosphate; and

is not excessively wet and does not dry out
in summer.
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CLIMATE FACTORS

New Zealand has a relatively windy climate in many
regions. Trees on exposed sites such as along the west
coast of the North Island are subject to prevailing
westerly winds with isolated windshorn trees often a
good indicator of site exposure.

Climatic factors have a major impact on the ability of
trees to grow successfully. Careful consideration must
therefore be given to selecting species which are suited
to the climate of  individual sites. Climate factors fall into
four groups: moisture, temperature, wind and light.

Moisture
An adequate and well distributed rainfall during the
growing season - preferably with mean monthly rainfall
close to 100 mm - will be ideal for good growth of  natives.
Dry periods of  more than two or three weeks without
rain will cause slowing of  growth for most species and
extended droughts will mean cessation of  growth.

Wind
Wind affects the ability of  a species to grow straight
and to resist salt burn, if  the site is near the coast.
Wind records are not available for most areas so the
best indicators are to look for the shaping of  trees
by wind and observation of  areas during strong wind
events. Pay particular attention to gullies and gaps
in ridge lines which act as wind funnels.
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Light
Light levels relate to the amount of  light being received
by plants, particularly in their juvenile phase. The light
levels must be high enough to allow photosynthesis to
occur. This appears to vary between species, but little
empirical information is available for New Zealand trees.

Kauri seedlings grow best at 50% of  full light, but will
grow at much lower levels. While many natives are probably
similar in their light requirements, totara (Podocarpus totara)
probably requires higher light levels than kauri while
hardwoods like tawa (Beilschmiedia tawa) and pukatea
(Laurelia novae-zelandiae) will be lower. Most species, when
older, need to have their canopies in full light to achieve
maximum growth. A shade tolerant species like tawa will,
even when mature, grow best with some shade. This
aspect of  climate can be manipulated by releasing and
thinning.

Temperature
Many species have a frost tolerance limit which restricts
their growth in colder places. If  seedlings can be protected
by nurse plants when they are small, some species will
grow very well once they reach sapling size – kauri (Agathis
australis) is an example of  this. Some species, while they
will grow in areas subject to snow, have relatively brittle
branches that can be smashed from the weight of  snow,
or even worse, snow which has turned to ice.

Other temperature parameters likely to be important are
the average temperatures above which growth occurs.
The first of  these affects growth initiation. In the north
of  New Zealand species begin to grow in the spring
when mean temperatures rise above 11°C. Growth is
then slow until temperatures reach about 15°C when it
becomes faster. Consequently the number of  months
when the mean monthly temperature is above 15°C can
be a useful predictor of  performance for species like
kauri. In colder parts of  the country species may begin
to grow at lower temperatures. For example, beech
(Nothofagus spp.) growth begins in spring (Sept-Oct) when
mean temperatures are probably close to 10°C and begins
earlier on lowland sites than in the high country.

Rapid growth will not occur unless all or
most of  the factors above are favourable.
Key issues are sufficient moisture, high

temperatures and shelter from strong wind.
Factors which prevent growth are drought,
frosts at seedling stage, excessive snow,

strong wind and heavy shade.
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BIOLOGICAL FACTORS

Competition
Weed competition is an important issue when plants are
small because the weeds compete with young trees for
water, light and nutrients. If  a site is badly weed infested,
pre-planting removal or control is essential so that newly
planted trees get a good start. Planting into pasture is not
difficult but does require pre-plant spot spraying and at
least one follow up releasing. Seedlings which are slow
to establish may require several release sprayings. Weeds
which grow in the shade like blackberry (Robus fruticosus
agg.) and woolly nightshade (Solanum mauritianum), or
those which form dense swards like pampas grass
(Cortaderra selloana, C. jubata), are the most difficult to
control.

Some weed species, particularly those which are light
demanders (eg, gorse (Ulex europeaus) and broom (Cytisus
scoparius) can be utilised as nurse plants for tree species
which will tolerate some shade. This does require some
skill but when done well enables the establishment of  a
tree crop at relatively low cost. As soon as the trees gain
control of  the site they will begin to suppress and kill the
light-demanding nurse plants.

Blackberry (left) and woolly nightshade, or those which form dense swards like pampas grass (right), are the most difficult to control.

Gorse (above) and blackberry (below) are major competitors for young planted native trees and shrubs.
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Mycorrhiza
Mycorrhizas are symbiotic associations of  plant roots
with fungi that are probably universal in natural
vegetation in New Zealand (Wardle 1991).
Generally, these are endomycorrhizas. Only beech
is purely ectomycorrhizal among native species.
Manuka (Leptospermum scoparium) can be either ecto-or
endomycorrhizal (refer to box on ecto-and
endomycorrhiza).

To summarise: weeds must be controlled
to allow successful tree establishment

although some weeds can aid the process,
being used as nurse plants. It will be
much more expensive to establish a

forest on very weedy sites.

Mycorrhizas increase nutrient uptake, especially of
phosphorus and most plants in most soils depend on
them for survival, i.e. they are mycotrophic. However,
mycotrophy ceases when plant-available P exceeds a
certain level, which varies primarily according to the
ability of  a species to produce root hairs. Where root
hairs are highly developed such as with some dicotyledon
families, grasses, rushes and sedges, mycorhiza may be
infecting the root but are likely to have little effect.
Conversely, plants with thick rootlets and few or no root
hairs such as broadleaf  (Griselinia spp.) and the nodular
rootlets of  the podocarps and kauri are strongly
mycotrophic (Wardle 1991).

A small number of  species, like the beeches, require the
presence of  specific mycorrhiza to ensure reasonable
performance of  seedlings to be raised in a nursery. The
rooting and potting medium of  nursery-raised seedlings
can be inoculated from the inclusion of  duff  collected
from the vicinity of  beech forest. Active inoculation of
mycorrhiza for the other major native trees and for
commonly raised shrubs in nurseries is generally not
required, as the fungal species are widely distributed.



10

A useful guide to determining the most appropriate
species for a site is to observe what already may be
growing well (or poorly) in an area nearby that has similar
site characteristics such as aspect, shelter and soil type.
However, some care is required in interpreting such
nearby areas of  native vegetation cover as a guide for
planting degraded or open sites. On most sites, native
forest regeneration generally follows a successional
pathway and a key requirement is to determine the
successional stage that the nearby forest cover may be
at. Hardy pioneer or seral species will dominate open
exposed sites before these are gradually replaced by later
successional species.

Investigating the local history of the site through discussion
with current and previous landowners or locating early
aerial photography may be practical options. Finding out
as much as possible about any previous establishment
programmes of  native forest species on similar sites to
determine key species and management methods within
the catchment before planting is also prudent.

Inspecting local areas that have already been planted in natives or are naturally regenerating will give an indication of appropriate
species to establish on new sites, management requirements and expected performance.

Growth of weeds, particularly woody brush weed species, are
one of the major factors in poor performance and high mortality
of planted native trees and shrubs.

SPECIES AND SITES
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Planting of riparian zones with floodplains and wetlands require planning to ensure appropriate species are planted on the best sites.

As with exotic plantation forest, care is required in the planting
of native production forestry to accommodate powerlines.

OTHER FACTORS

There are a few other aspects which must be taken into
consideration when selecting tree planting sites. The most
important of  these is to control animals which eat trees,
especially newly planted seedlings. In the domestic
situation, adequate fencing of  all new planting is
mandatory and must be done before trees are planted.
Fencing is also an important control measure for many
noxious animals although is rarely the complete answer.
With noxious animals, a range of  control measures are
necessary - fencing, shooting, poisoning, the use of  animal
repellents and protective sleeving can all be used,
depending upon the scale of  the planting programme,
species being planted, site type and resources. (Refer to
Technical Article No. 7.2).

On low-lying sites flooding can sometimes be a problem.
Sites which flood frequently are perhaps best left unplanted
with dense trees and shrubs, although species like kahikatea
(Dacrycarpus dacrydioides) will do well on such areas. A wide
range of  sedges and rushes are often best suited to these
flood-prone sites.

When establishing an indigenous forest area, having good
seed sources nearby is a distinct advantage. Once trees
are well established on originally bare areas, birds will
begin to visit and will bring seed from adjacent forest
stands.

Sites crossed by power lines, especially high tension lines,
are best avoided for, unless the strip of  unplanted land
under the lines can be grazed or otherwise used, the land
will be completely non productive.
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INTRODUCTION

T

OPEN SITES

     here are several broad site types to consider when
planting native tree species particularly relating to
existing vegetation cover, history of  landuse and
current management. The most common sites where
natives are being planted are open grassed sites, but
other site types are those with a cover of  regenerating
scrub that can comprise various mixtures of  native
and exotic species, partially logged native forest, and
where replacement of  exotic forest cover with native
is under consideration.

Each site type demands a different approach to
establishment of  natives. Detailed methods for
the planting of  natives on the different sites
are provided in Section 7 of  this Handbook.

Pasture sites
Sites dominated by a cover of  exotic grass, such as
those retired from pastoral farming, are common
areas for the planting of  native trees and shrubs and
are therefore the major focus in these guidelines
(Dodd and Ritchie 2007). These sites range from
fertile sheltered sites such as along retired riparian
areas where good growth rates would be expected,
to retired steep erosion-prone sites or exposed sites
where revegetation to a native cover can be
challenging. Many urban or peri-urban areas being
planted in natives are also open grass sites.

Competing grass can be one of  the major factors
limiting establishment of  natives on open sites. Site
preparation usually involves a pre-plant spray of
herbicide followed by careful post-plant spraying to
avoid loss of  planted natives under dense regrowth
of  grass or herbaceous weeds. Details on preparing
grassed sites for the planting of  natives are
given in Technical Article 7.3 in this Handbook.

The most common sites for planting of natives are those retired
recently from grazing usually to meet a range of environmental
objectives such as  improved water quality of waterways on farms.
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REGENERATING SCRUB

Over-sowing sites that have been recently cleared of
problem weed species with exotic grass to reduce
emergence of  woody and scrambling exotic species may
be a practical strategy on some sites. This may be
particularly useful where large areas which will regenerate
in gorse or blackberry is sown for grass, and if  practical,
grazed until resources are sufficient to allow planting of
native trees and shrubs. This option of  incremental
retirement can be achieved by moving fences to increase
planting areas as grazed areas are retired.

Where establishing a grass sward with or without grazing
is not practical, areas to be cleared of  exotic cover should
not exceed the resources available for replanting the area
with natives. This includes factoring in the significant
commitment for post-plant weed control required
over several years for any recently planted areas.

Many previously cleared or farmed areas have reverted
to shrubland cover naturally. This usually consists of
native pioneers, predominantly manuka (Leptospermum
scoparium) and kanuka (Kunzea ericoides). For instance, large
tracts of  erosion-prone hill country on the East Coast of
the North Island have reverted to manuka and kanuka
after periodic downturns in the farming industry (Bergin
et al. 1995).

Large areas of  previously cleared land in New Zealand
have or are also reverting to exotic-dominated woody
species, often referred to as scrub. The species composition

With some shrubland sites, natural regeneration of  a
range of  native woody tree species may be sufficient to
obviate the need for planting shrubland. Surveys that
representatively sample such areas will indicate natural
succession of  land in scrub by the presence of  later
successional species such as the native conifers or
hardwood trees local to the region.

Recently cleared sites
Mechanical clearing of  a previous cover of  exotic forest
(e.g., pines – Pinus spp.; Willow – Salix spp.) or woody
brush weeds (e.g., gorse – Ulex europaeus) or other vigorous
scrabbling weeds (e.g., blackberry – Rubus fruticosus) also
creates an open site for planting of  natives. Unlike exotic
grass sites with a long history of  grazing, recently cleared
forest or scrubby sites, even if  burnt over, will invariably
have major ongoing weed problems which must be
intensively managed to ensure successful establishment
of  natives.

Mechanically cleared dense woody weed sites will require
intensive ongoing control of exotic re-growth.

of  exotic-dominated scrub varies regionally throughout
the country depending on several factors including local
climate and soils, history of  land management, and whether
species have been introduced to local districts and timing
of  their introductions. Gorse and broom (Cytisus scoparius)
are significant weed species nationally occupying vast
areas in many regions while other scrubby weeds such as
blackberry can be dominant locally.

Planting
Significant areas of  pioneer shrubland, however, lack local
seed sources of  later successional tree species required
for the establishment of  high native forest. Particular
native tree species that may be desired by landowners for
managing as a long-term timber resource may be absent
or scarce. Land clearance, fires and ongoing grazing have
seen large tracts of  marginal hill country with a low
diversity of  native tree species. In these situations, planting
of  selected native tree species on appropriate sites will
be necessary and trials are ongoing in determining effective
methods (e.g., Steward 2000).

Inter-planting options for establishing a range of  native
tree species within shrubland will depend on many factors
including species composition, and height and density of
the existing canopy cover. Where possible, using existing
canopy gaps will allow establishment of  native tree species
within the shrub cover to supplement or substitute for
natural regeneration. For other sites with a low cover of
shrubs, lanes cut through the vegetation using chainsaws
or scrub-bars will allow planting in lines or small groups
at appropriate spacing. In tall scrub it may be preferable
to cut access tracks through existing cover and plant
within circular gaps spaced at intervals that coincide with
natural gaps or within cut canopy gaps where there are
appropriate planting sites.

Substantial tracts of marginal hill country pastoral land are
reverting to manuka and kanuka.
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Manuka and kanuka are
regenerating in many regions
on previously cleared sites,

especially hill country.

Gaps in cutover native forest may be suitable for the
establishment of  groups of  key native tree species if
natural regeneration is not occurring.

FOREST SITES

REPLACING EXOTIC FOREST

Native forests have often been degraded by partial logging,
earlier attempts at clearing for farmland, or a long history
of  browsing by wild animals. Natural regeneration often
occurs if  sites are fenced off  and animals are controlled.
However, planting and management may be desired by
landowners to increase the proportion of  native timber
tree species and to speed up the process of  natural
regeneration back to an intact high forest (Beveridge and
Bergin 2000).

A survey of  the existing plant community will indicate
areas where key tree species are non-existent or suppressed.
It may be practical to plant native conifer or hardwood
trees within any natural or logging-induced gaps in the
forest canopy. Site preparation in disturbed forest areas
must include removal of  ferns and shrub hardwoods that
may suppress the young planted trees. Vigorous regrowth
often requires control for up to five years after planting
to prevent loss of  planted seedlings (Forest Research
Institute 1980; Pardy and Bergin 1992).

There is increasing interest in returning stands of  exotic
trees to native vegetation. Most stands are radiata pine
(Pinus radiata) and other exotic conifers but there are also
a range of  exotic hardwood stands such as eucalypts
(Eucalyptus spp.), willows and poplar (Populus spp.).
Clearfelling to allow removal of  merchantable logs is likely
to remain the most common scenario in order to give a
commercial return from the existing crop. While
regenerating native plants can be a significant component
of  the understorey of  mature exotic forests, logging

Depending on a range of factors such as lack of local seed sources and presence of grazing
animals, regeneration of native trees is non-existent or can be slow to develop even where
sites become dominated by several species like manuka.

Canopy gaps within heavily disturbed forest can be occupied
by regenerating pioneer natives which should act as a nurse
for infilling of tree species. However, such gaps can also be
densely covered in problem exotic weeds such as pampas,
Himalayan honeysuckle, gorse or scramblers such as blackberry
and gorse.

operations invariably destroy any understorey and
groundcover layers. Some coppicing of  understorey natives
smashed by clearfelling operations may occur along with
regeneration of  natives. However, these highly disturbed
open sites are receptive to regrowth of  problem brush
weeds and reversion to native forest will take decades.
Such sites are difficult to restore to native forestry without
considerable resources and ongoing commitment required
for control of  weeds and animal pests.
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Where pines are too difficult to remove or it is uneconomic,
poisoning of the overstorey exotics is a practical method for
gradual removal of the exotics without severely damaging the
developing natives. This option is only practical away from
high use areas due to the instability of deteriorating crowns of
poisoned trees.

Under-planted natives

Stem poisoning or directional felling may also be practical
options for removing an exotic overstorey on some sites
where native trees have been planted under or within the
sheltered environment of  the original forest cover. This
can arise where fast growing exotic species have been
used as nurse crop to provide shelter for establishment
of native species. Careful planning including an appropriate
planting layout is required to minimise damage to under-
planted natives as the exotic overstorey is removed.

Regenerating understorey

Where there are only scattered exotic trees amongst
regenerating native scrub or forest, felling may be practical.
Damage will be much less where timber is not recovered
and where directional felling is employed to minimise
damage to understorey native plants. This is most likely
to be feasible where crowns of  trees to be removed are
relatively small, density of  the stand is relatively low, and
an open stand structure will allow felling that will avoid
too much damage to desirable native regeneration.
Poisoning an overstorey of  exotic trees may be practical
on some sites for encouraging gradual development of
native regeneration. However, dying and dead crowns
devoid of  foliage can be unsightly for several years as
trees rot and gradually disintegrate.
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T

A LEGACY OF  POOR
PLANTING

For a period of  more than a century, hundreds of
thousands of  native tree and shrub seedlings have
been planted with the aim of  re-establishing native
forest for a wide range of  objectives. Unfortunately,
only a fraction of  the planted stands have survived
to the present day. Surviving stands often bear evidence
of  poor site selection and management and most do
not reflect their true potential in terms of  survival
and growth rates.

Historically, the most productive sites have been used
for pasture, horticulture and exotic forestry. Native
species were often planted on poorer sites and were

INFORMATION SOURCES

        here is a wealth of  information available covering
all aspects of  planting natives. Much of the information
here is based on general site preparation advice given
by numerous sources including Pollock (1986),
Porteous (1993), Davis and Meurk (2001), Evans
(1983), Forest Research Institute (1980) and Bergin
and Gea (2007). Most guidelines focus on planting
and enhancing natural regeneration with natives to
meet a wide range of  environmental purposes. Planting
and management of  sites for environmental or
conservation purposes is, however, also relevant to
establishing native trees for productive purposes.

Websites of  most Regional Councils and some District
and City Councils offer excellent local advice on
planting and managing natives to meet a range of
objectives and scales of  programmes. Many websites
give links to other sources of  information including
contact details of  native plant nurseries where plants
can be obtained.

In their comprehensive publication, Protecting and
restoring our natural heritage – a practical guide, Davis and
Meurk (2001) give detailed information about the
planning and management of  restoration projects.
Sections cover the full range of  important issues
relevant to planting natives including:

viewing restoration of  a range of  ecosystems within
the context of  the overall landscape;

the importance of  developing a management plan;

providing key steps to successful restoration;

site preparation and supply of  plants;

planting techniques; and

the importance of  monitoring and maintenance.

Planting
- getting started
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The adoption of  planting practices developed for the
exotic pine forest industry for establishment of  native
tree plantations may have also contributed to the relatively
poor performance of  early plantings of  native trees. Native
species are not radiata pine (Pinus radiata) and therefore
cannot be expected to be planted on a wide range of  sites,
nor have the exceptional early growth of  radiata pine!

STARTING SMALL

As the cost of  planting programmes using native trees is
high and the commitment to managing planted areas easily
under-estimated, it is recommended that only a small
proportion of  the site is fenced and planted in the first
year to assess the key local factors influencing early
performance. Problem weed and animal pests may become
apparent only after planting.

A modest approach will avoid possible large-scale failure
and provide an opportunity to determine optimum species,

Bergin, D.O.; Gea, L. 2007: Native trees – planting and
early management for wood production. New Zealand
Indigenous Tree Bulletin No. 3.  Revised Edition.
New Zealand Forest Research Institute. 44p.

Davis, M.; Meurk, C. 2001: Protecting and restoring our natural
heritage – a practical guide. Department of  Conservation,
Christchurch. 94p.

Evans, B. (compiler) 1983: The revegetation manual. A
guide to revegetation using New Zealand native plants.
Queen Elizabeth II National Trust, Wellington.

Forest Research Institute 1980: Establishing nursery-
raised native trees. What's New in Forest Research.  Forest
Research Institute, No. 86. 4p.

stock types and management requirements to ensure long-
term success on a particular site in the establishment of
a native production forest.

IMPROVING PERFORMANCE

Planting of  natives requires careful and realistic planning
to ensure programmes are successful. Matching resources
and expectations, undertaking monitoring and timely
maintenance, and having the flexibility to modify
approaches and practices as work progresses are among
key requirements for improving planting performance.

Good site preparation is an essential component of
planting that contributes significantly to successful
establishment of  native trees. A well prepared site will
make planting easier and will have down-stream benefits
of  easier maintenance and monitoring of  planting
programmes.

Preparing a site for the planting of  natives involves not
only considerable planning but also a wide range of
activities including:

Protection from domestic grazing stock;

Control of  animal pests and weed species;

Clearance or management of  existing vegetation cover;

Providing shelter where required including appropriate
choice of  species;

Good planting practice; and

Choosing the appropriate planting pattern and density.

Details on each of  these activities are given in the following
articles within Sections 7and 8 in this Handbook.

then neglected. After nearly two centuries of  land clearance,
while there have been many successful park and garden
plantings of  natives, virtually no major plantations of
native trees have survived. Failure of  many planting
programmes has resulted in a widely-held perception that
native trees are difficult to establish and that they grow
very slowly.

Pollock, K.M. 1986: Plant materials handbook for soil
conservation. Volume 3: native plants. Water and Soil
Miscellaneous Publication No. 95. Ministry of  Works and
Development. Wellington. 66p.

Porteous, T. 1993: Native forest restoration. A practical guide
for landowners. Queen Elizabeth II National Trust.
Wellington.
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Technical Article No. 7.2

INTRODUCTION

F       arm livestock, many animal pests including deer,
goats, pigs, possums, hares and rabbits, and even some
native birds such as the pukeko can cause extensive
damage to existing native forest and scrub and newly
planted areas of  native trees and shrubs. Effort should
be put into controlling those animals that pose a risk
to newly planted natives prior to planting, and
on-going control is likely to be necessary until the
planted trees are well established.

PROTECTION FROM FARM
LIVESTOCK

While the role of  mammalian herbivores in primeval
New Zealand was at least partly filled by the moa
(Wardle 1991), nevertheless New Zealand’s flora
evolved in the absence of  intensive grazing. As a
consequence most of  New Zealand’s tree and shrub
species are highly palatable to introduced grazing
animals. In addition, under intensive agricultural
systems, our soils and plants cannot cope with the
trampling and waste from stock.

When stock get into areas of  native forest, scrub or
new plantings they can:

increase soil compaction and erosion;

browse and trample native seedlings;

reduce or prevent natural regeneration;

damage established shrubs and saplings
within understorey layers;

damage bark of  semi-mature and mature trees
and shrubs;

trample root systems of  trees;

change the forest environment by creating gaps
and opening the understorey;

introduce weeds by depositing seeds through
their hooves and dung;

increase soil fertility which may favour introduced
weeds rather than native plant growth; and

increase soil disturbance creating bare sites for
weed invasion.

Livestock and
Pest Management
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Soil compaction, lack of regenerating native trees and shrubs, and damage to trees are typical of grazed remnants on farms.

Debarking caused by livestock

Root damage
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Erection and maintenance of  good quality and appropriate
fencing can successfully exclude farm livestock from areas
of  native trees and shrubs. There are a range of  fencing
options for areas to be planted with natives.

Unfenced areas of  native forest on farms, whether newly
established, well established or remnants from previous
wider forest cover, can suffer significant damage from
livestock. Cattle, goats, deer and, to a lesser degree sheep,
with free access to natives will heavily graze nursery-raised
seedlings of  virtually all species of  native trees and shrubs.
In just half  an hour, grazing stock can cause substantial
damage. Even relatively unpalatable nursery-raised native
species such as totara (Podocarpus totara), manuka
(Leptospermum scoparium) and kanuka (Kunzea ericoides) are
vulnerable to grazing after planting, possibly due to the
increased nutrient loads in newly planted nursery stock.

Well-established seedlings and saplings of  most native
species can also be severely affected by domestic stock.
Foliage can be stripped off  lower branches and stems
broken to access upper crowns. Livestock can also weaken,
and sometimes kill larger poles and trees by rubbing against
trunks and trampling roots.

Fencing stock out of  forest fragments not only reduces
soil erosion and compaction and prevents damage to
existing trees and shrubs, but it allows infilling of  the
remnant with understorey vegetation reducing forest edge
effects and providing a cool, shady forest interior. Fencing
out domestic stock allows regeneration processes thereby
ensuring an ongoing natural succession of  forest species.

Livestock fencing options

Standard deer netting fences (1.8 to 2 metres high) will
exclude farm livestock including sheep, cattle, horses,
goats and most deer, as well as feral deer and goats. A
gate will enable any rogue stags to be removed quickly.

Fencing forest remnants

Fencing to exclude grazing stock is essential for newly-planted areas of natives; fencing stock out of forest fragments
will reduce erosion and compaction, prevent damage to existing trees, and allow regeneration of an understorey.

Browsing of even well-established natives by domestic stock
can be severe.
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Eight wire post and batten fencing provides an effective
barrier to sheep. With the use of   “box” stays instead of
“angle” stays, and the close spacing of  battens, an eight-
wire fence can also be made goat proof.

A well maintained two or three wire electric fence will
exclude cattle as long as the fence is kept “live” at all
times. However, permanent eight-wire post and batten
fencing is recommended even for cattle - a few cattle can
cause a large amount of  damage to native seedlings in as
little as thirty minutes. An additional electric outrigger
may be necessary on a permanent fence to prevent horses
and cattle leaning against the fence and especially where
bulls are farmed. A gate is also suggested so that any
stock breaking through the fence can be removed quickly,
but ensure it is well latched or locked so that it cannot
be easily or inadvertently opened.

The first row of  planted seedlings should be located out
of  reach of  livestock that may reach over the fence. In
a mixed tree and shrub/small tree planting on an open
site it is recommended that hardy coloniser species be
planted along the outer edges of  the planting. These
species will provide a weather buffer for tree species
growing internally and will generally be more tolerant of
lateral grazing by livestock as they spread towards the
fence. Hardy multi-stemmed species, such as kohuhu
(Pittosporum tenuifolium) and karamu (Coprosma robusta), will
fill the gap quite quickly between the first line of  planting
and the fence and so reduce the possibility of  weed
species establishing in this zone.

One to three-wire electric fencing will range in cost from
$2 to $4 plus GST per lineal metre and 8 wire post and
batten fencing is likely to cost $12 plus GST or more per
metre if  fencing contractors are used. Be sure to seek
several quotes for materials and from contractors before
proceeding.

Planting seedlings
too close to the
fence leaves them
vulnerable to
browsing!

Eight wire battenless fence protecting a recently retired area
next to forest remnant.

Electric fences will exclude cattle but must be maintained and
kept ‘live’.

Low-maintenance post and batten 8-9 wire fences provide
protection for natives for many years.
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MANAGEMENT OF FERAL ANIMAL PESTS

Rabbit browsing to foliage and stems.

Typical hare damage - a clean angle cut
removing the top (arrow)..

Pest control programme

Feral deer, goats, pigs, possums, hares and rabbits can all
cause damage to native trees of  various ages (Porteous
1993). Possums are more likely to cause significant damage
to older saplings and seedlings planted into scrub and
on forest margins, while deer and goats will, if  present,
chew the tops of  newly planted seedlings. Hares and
rabbits will often cause the greatest damage to freshly
planted seedlings, especially when the planted area is
adjacent to farm land. Feral pigs are most likely to cause
damage on forest margins, usually as a result of  their
habit of  rooting up the ground.

Where existing farm fencing is not effective at excluding
feral deer, goats and pigs periodic hunting may be
necessary in surrounding forestland to prevent damage
to planted native trees. Be sure to gain the approval of
the landowner before undertaking this control.

Possums and rabbits can be controlled by shooting or
poison bait, and possums also by trapping, whereas hares
are less inclined to take posion bait and so are best
controlled by shooting. Where one or more of  these
species is present, a concerted control programme is
recommended immediately prior to planting. Regular
follow-up control efforts may be necessary until seedlings
exceed one metre in height. Monitor the planting site
regularly for pest damage and be prepared to enact control
quickly if  new damage is detected. The presence of
rabbits, hares or possums can ususally be differentiated
by the damage they cause. Rabbits generally leave tell-
tale diggings; hares typically slice through seedling stems
leaving a clean 45° angle cut; and possums characteristically
chew at accessible and new-growth leaves and flowers.

Carefully planned wild animal control programmes such as use of poisons (left) and trapping (right) will be required to
prevent damage to planted natives.
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The mesh “skirt” should be pinned down tightly on top
of  short-cropped pasture, or onto cleared soil and then
covered with a thin layer of  topsoil. Pasture grasses (but
not weed species) should be encouraged to grow through
the mesh because they will help to bind the mesh firmly
to the ground.

The mesh should extend at least 800 mm up the face of
the fence and can be attached to the fencing wires using
ring clips. Consequently, a 1200 mm wide roll of  mesh
is needed.

To make an area rabbit proof, gates need to be hinged so
that they sit within 50 mm of  the ground along the full
length when closed. The substrate under the gate should
be consolidated gravel or any material that a rabbit can’t
dig through, or a horizontal layer of  rabbit mesh pinned
to the ground and extending out from the gate (towards
the pests) by at least 400 mm.

Rabbit fencing must be maintained regularly and
thoroughly to be effective.

Hares

Rabbit mesh, as described above, will also exclude hares
but it is recommended that the mesh is extended up the
full face of  the conventional 8 wire fence (ie. to 1.1
metres).

Conventional farm fencing will not provide an effective
barrier to possums, hares or rabbits. These animals can
be excluded by special pest-proof  fence designs but this
sort of  fencing is expensive and may be hard to justify
if  only to protect native seedlings.

Rabbits

Rabbits can be excluded from a planted area by the
attachment of  small aperture (50 mm or less) wire mesh
to a standard post and batten fence. To be effective the
mesh should extend out horizontally from the fence base
(on the pest side) by no less than 400 mm. This is to
prevent the rabbits from digging under the fence. Rabbits
(and other digging mammalian pests) will try repeatedly
to dig at the base of  the fence but research has shown
that they do not deliberately choose to start digging
350 mm or more away from the fence in order to get
under it (Day and MacGibbon 2007).

Pest-exclusion fencing optionsPindone is generally the most effective bait to use for
rabbit control, and a variety of  traps and poisons exist
for possum control.  For those inexperienced in the use
of  traps and toxic baits it is recommended that the advice
of  experienced pest control experts is sought to avoid
unsafe practice and poor results.

Pindone pellets laid at the entrance to a large rabbit burrow
in a recently fenced area about to be planted with natives. Use
the advice of pest control experts in the use of poisons.

Long grass between planted native seedlings can
deter rabbits and hares.
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Possums, cats, hedgehogs, mustelids and rodents

Specially designed pest-proof  fences are required to
exclude possums, cats and other small mammalian pests.
The cost of  these fences can range up to $300 per metre.
Unless there are plans to reintroduce threatened native
animal or plant species to the planted area
conventional control techniques should be adequate. If
a multi-species pest proof  fence is being considered seek
the assistance of  experienced advisers to avoid expensive
failures.

MANAGEMENT OF PUKEKOS
Where the forest or planting area lies near a stream, river
or wetland the native pukeko is likely to be present,
possibly in quite large numbers. Pukekos are one of  the
few native bird species that have increased in number
since the arrival of  humans and they thrive in damp,
cleared agricultural landscapes. Unfortunately, they can
cause significant damage to new native tree plantings.
They have the playful, but destructive, habit of  pulling
freshly planted seedlings out of  the ground, especially
smaller plant grades such as root-trainers and small planter-
bag (PB) grades. A small population of  pukekos

If  pukekos are a problem
the best preventative
measure is to plant larger,
well grown plant grades
(such as PB3 or PB5 grades),
and to make sure each plant
is firmly planted. They are
less able to pull heavier plants
out of  the ground.

can extract dozens of
seedlings over a short
period if  so inclined, and
will do so repeatedly if
they are replanted.

A rabbit-proof fence established before planting of natives on pastoral hill country. This fence comprises posts and steel waratahs
and several wires, two of which are electric to keep stock out (left). In addition, wire mesh is attached to the fence with a “skirt”
pinned down on the pest side to prevent rabbits digging at the base of the fence (right).

A wide range of traps are available to control
possums, mustelids and rodents.
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Although livestock can benefit from shade and shelter provided by scattered remnant native trees, most native trees such as these tawa
(Beilschmiedia tawa) above will not regenerate in the presence of grazing.
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           any planting sites, perhaps most, will be long
or short grass and weed cover, such as found on
recently retired or abandoned farmland. There are
two major reasons why it is imperative that effective
control of  the grass is obtained at planting and then
maintained for at least two years after planting.  Firstly
grasses are especially damaging to early growth of
native species because of  overtopping and smothering.
Secondly, and less obviously, grasses produce a fine
root mat that is much more effective in nutrient
and water uptake than the planted tree, and can
easily compete with the tree for these essentials.

Herbicide is the preferred method of  grass and weed
control at planting and in later management.  It is the
poor management of  competing vegetation cover,
especially grass, that most often compromises survival

and growth of  planted native trees and shrubs.
Site preparation methods and outcomes are influenced
by a range of  factors including the scale of  the
proposed planting programme, resources available to
undertake the planting and a wide range of
environmental and site factors such as degree of
exposure, presence of  problem weed and animal pests,
and local climate characteristics.

The focus of  this article is on preparing open grass
sites using herbicides to allow planting of  native trees
and shrub species. Preparing sites for planting into
woody weed infested sites or into native shrubland
are covered in other articles within Section 7 of  this
Handbook, as is the management of  animal pests and
fenicing of  livestock.
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SITE PREPARATION USING
HERBICIDES

Where practical stock can be used to graze pasture to a low
height to allow spraying with herbicide before planting with
natives.

Rank grass vs low grass sward
There are advantages and disadvantages in preparing
rank grass and short grass for the planting of  native
trees and shrubs.

Rank grass sward
Advantages include:

No mechanical removal or grazing is required to
reduce the rank grass cover;

After spraying, dead grass can act as a mulch
which aids moisture retention and suppresses
weed establishment;

Tall grass may deter rabbits.

Disadvantages include:

Rank grass, especially if  it comprises a high
proportion of  dried leaves and stalks, is less
efficient in uptake of  herbicide; follow-up
applications of  herbicide may be required to
ensure a complete grass kill;

May be difficult to identify sprayed spots amongst
dry rank grass; blanket spraying for rank grass
may be more practical;

More difficult to plant seedlings amongst a dense
thatch of  sprayed rank grass.

Low grass cover
Advantages include:

Short, actively growing green grass cover is highly
receptive to uptake of  herbicide from a single
application;

Easy to identify planting spots by presence of
dead or dying grass or marker dye (if  applied);

Easy planting of  seedlings into short dead grass
cover.

Disadvantages include:

Depending on the site, a low grass cover will
need to be achieved by grazing or mowing prior
to planting;

Grazing will require fencing and stock;

Mowing will require machinery for which access
and cost may limit use;

Herbicide sprayed short grass can create bare
ground receptive to weed germination; and

Lack of  ground cover (mulch) leaves bare
planting sites vulnerable to moisture loss.

Herbicide alone has proven to be adequate in preparing
most grass sites for planting. Cultivation, while useful
perhaps on compacted soils, is not normally considered
necessary.

Planting into short or rank grass
A grass sward may be heavily grazed or even mowed prior
to herbicide treatment or it may be left rank.  The merits
of  planting into a dense sward of  rank grass or into a
short grass sward are presented in the side box.

Choice of  planting rank or short exotic grass and weed
covered sites will be dependent on site factors, resources
available and scale of  proposed planting programmes.
There are likely to be advantages, especially in low rainfall
areas, of  planting into herbicide-treated rank grass sites
where the mulch of  dead grass will suppress weed seed
germination and growth and will help retain moisture. In
high rainfall sites, this may not be critical, but the bare
ground left where short grass has been sprayed will be
havens for germination of  weeds when a germination-
inhibiting chemical is not used.

For planting natives into a short sward of  grass such as
on farm sites, stock can be used to hard-graze to remove
top growth before the site is permanently fenced to exclude
stock and the site sprayed with herbicide and planted.
Alternatively, mowing or mulching by tractor machinery
may be practical on accessible sites or by motorised weed
and scrub cutters.
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SPRAY METHODS

Fan nozzle
fitted to a
knapsack

sprayer

Large-scale site preparation of a recently retired farmland
involving pre-plant spot-spraying with herbicide.

When to spray
Depending on the grass sward and the herbicide chemical
used, spraying should be carried out at least a month
before planting (Ledgard and Henley 2009). This will allow
time for the herbicide to be taken up by the vegetation
and for sprayed areas to show up. In cooler areas, some
herbicides may take several weeks to be visible and marker
dyes may be needed to aid detection of  spots (refer to
later section).

As most herbicide formulations operate by uptake of
chemical through green leaves and stems, it is best to spray
herbicide when there is a high level of  actively growing
foliage. Uptake of  chemical by recently cut vegetation, by
plants that have frosted or salt-burnt foliage or by plants
that are dormant is likely to be less effective than healthy
growing plants with plenty of  leaf  surface area. This
applies equally to grass as it does to woody plants. In
addition, for improved foliar uptake, herbicides are likely
to be more effective if  sprayed early in the day, but after
dew on leaves has dried.

There are two options for the application of  herbicide to
prepare grass sites for the planting of  natives -
spot-spraying or blanket-spraying. Choice largely depends
on the density of  planting.

Spot-spraying
Most large-scale planting programmes on grassland involve
the use of  knapsack sprayers to spray spots at the intended
plant density. Spot spraying is efficient from a minimum
plant spacing of  about 1.5 m between seedlings
(approximately 4500 stems per hectare). The advantage
of  spot spraying is the use of  significantly less quantities
of  chemical for the lower density plantings and the shelter
provided by the surrounding vegetation. The relatively
lower-pressure spray application from knapsacks compared
to high-pressure spray application from motorised
equipment may reduce any associated risks of  spray drift
in confined sensitive areas.

Ideally, a sprayed spot of  up to 1.2 m wide is required for
each seedling to ensure rank grass does not overtop plants
within the first year. Pre-plant spot-spraying of  grass is
best undertaken using a fan nozzle and applying the spray
with up to 3 parallel strokes to give an even coverage of
herbicide (Davis and Meurk 2001). Circular spraying tends
to result in greater overlap and consequently more herbicide
applied than is necessary (Figure 1). Figure 1: Recommended spray pattern (above) for spot spraying

herbicide on grassed open sites using a fan jet attached to a
knapsack sprayer for the planting of native seedlings. Circular
spraying tends to result in greater overlaps (modified from
Davis and Meurk 2001).
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Area of grass and herbaceous weeds blanket-sprayed with herbicide to allow dense planting of natives.

HERBICIDE OPTIONS
FOR GRASS SITES

Where particularly aggressive grass species such as kikuyu
(Pennisetum clandestinum) occur it will be wise to blanket
spray localised areas within a spot-sprayed area. However,
blanket-spraying large areas of  aggressive grass species
is not practical at lower planting densities so extra vigilance
is essential to maintain planting spots free of  regrowth.

Blanket-spraying
Spraying the whole planting site (sometimes referred to
as blanket-spraying) is required for high-density planting
where seedlings will be planted less than 1.5 m apart
(approximately 4500 or more stems per hectare). Small
areas can be blanket-sprayed effectively by knapsacks,
taking care to cover the area adequately and not overspray
already treated areas.

Blanket spraying by helicopter or machine may be an
economical alternative for large-scale planting operations
compared to hand-spraying methods. Skilled and
experienced operators will be required in the use of
pressurised spray or boom equipment mounted on vehicles
or for aerial application.

There are a number of  commonly used chemicals in the
control of  grass and herbaceous weed sites, all sold under
various trade names. Herbicides should be selected
according to the grass and weed cover to be controlled
and always following the manufacturer’s instructions for
use and at the label rate.

A selection of  common herbicides used for most grass
and herbaceous weed control are listed in Table 1, modified
from recommendations from several sources including
Davis and Meurk (2001), Ledgard and Henley (2009)
and information from Regional Council websites
(e.g., http://www.aucklandcouncil.govt.nz/environment/
biosecurity/pest-plants/herbicides). This includes details
on weeds controlled and use of  each herbicide, rate for
application using a knapsack, plus the care required in
their use.

Four of  the herbicides listed are applied to weed foliage
and are combinations of  foliar or root absorption
chemicals with some systemic capacity - where the
absorbed chemical is translocated to other parts of  targeted
plants. The fifth herbicide listed, Simazine, is a pre-
emergent inhibitor generally applied to the soil or short
grass sward where it is absorbed through the roots of
germinating plants, thereby preventing their emergence.
Pre-emergent inhibitors are generally mixed with other
foliar active herbicides to provide both the benefit of
knock-down of  the existing cover as well as long term
control by preventing emergence of  new weed growth.

All herbicides have their limitations, both for weeds
controlled and for their effect on the environment. All
users must ensure they obtain all the necessary information
on the appropriateness of  herbicides they intend to use,
including local council restrictions, risks to the environment
and safety requirements. For some herbicides care will
be required to ensure that sprayed soil does not come
into contact with roots of  planted seedlings.
For example, soil sprayed with the pre-emergent herbicide
simazine should not come into contact with roots if
seedlings are planted after spraying.
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ADDITIVES TO HERBICIDES

Marker dye indicates where spray has been applied and reduces
“skips and overlaps”.

Marker dye
A marker dye can be added to the herbicide to clearly
indicate the areas sprayed and to reduce missed areas or
over-spraying already treated sites (“skips or overlaps”).
They are a non-toxic coloured indicator for use in many
agricultural applications including mixing with herbicide
spray operations. Marker dyes come in several colours.
Red and blue show up particularly well on grass sites.
Areas sprayed with dyed herbicide remain visible for 2-
3 week after spraying, thereby allowing identification of
sprayed spots for planting before grass shows signs of
dying. Marker dye also aids in detecting any spray drift.

Marker dye is particularly useful in spot-spraying
operations where the time between herbicide application
is too short to allow dead grass to show. Dye can also
help identify sprayed spots in rank grass dominated by
tall seadheads.

Manufacturers provide instructions on the use of  marker
dyes for a wide range of  applications. The dosing rate
depends on the type of  terrain, vegetation cover being
treated, intensity of  colour required and the period the
marker is to remain visible. Higher dosing rates will give
a darker spray pattern. A suggested starting rate is 3-
5ml/10L. It is recommended that the dye is added half
way during filling of  the tank to allow adequate mixing.
Care in its use is advisable to reduce colouring of
equipment, clothing and skin.

Wetting agent
The effective spread and uptake of  any spray is greatly
enhanced by the addition of  a wetting agents (also known
as surfactants or penetrants). Wetting agents are essentially
detergents that break down the surface tension of  water
and allow water-based herbicides to more evenly wet a
surface and assist in penetration of  the leaf. Advantages
of  different formulations of  wetting agents are usually

listed on manufacturers’ labels and in Fact Sheets, but in
general include improving the:

Ability of  herbicides to penetrate leaf  cuticle or stomata,
thereby raising effectiveness and lowering cost though
lower application rates or need for re-spraying; and

Rapid uptake of  herbicide, thereby reducing rainfast
periods significantly so that spray operations may be
carried out more successfully before any pending rain.

Wetting agents should always be added last to the spray
mix to prevent foaming. Rates are normally 0.1% (or 1
part wetting agent per 1000 parts of  spray mix), which
equates to approximately 10 ml of  wetting agent per 10
L of  spray mix. Products available at agricultural supply
stores and some garden centres include Pulse®, Boost®,
Freeway, Dewdrop and Kiwi Buddy.
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Protective clothing should be used as recommended
by manufacturer’s instructions.

ALTERNATIVES TO HERBICIDES

An alternative to pre-plant spraying with herbicide is removing
the grass turf by spade (screefing).

CARE WITH HERBICIDES

Herbicides can be hazardous and require careful handling
and use. Before purchasing or using any herbicide, it is
important to read carefully the product labels and Safety
Data Sheets provided by suppliers. Many local authority
websites also offer advice on choice and use of  herbicides.
There are various recommendations when using herbicides,
listed by Porteous (1993) and others, including:

Follow manufacturer’s recommendations carefully for
determining the correct chemical, handling instructions
and application methods and quantities of  herbicide;

Use protective clothing as needed;

Determine the most appropriate equipment including
spray nozzle;

Become familiar with safety warnings, precautions and
first aid measures;

Follow recommended precautions to avoid spray drift
to neighbouring properties and contaminating
waterways;

Spray only in calm conditions when rain is not expected
for several hours; and

Prevent non-target species from being sprayed (usually
as a result of  spray drift).

Where there is concern at use of  herbicides, there are a
range of  alternative methods for controlling grasses -
mostly involving physical reduction or removal of  the
grass cover. While many of  these methods, in various
combinations, are being practiced successfully within
small planting projects, most are not practical for large-
scale planting programmes.

Screefing of  the grass cover immediately before planting
involves the skimming-off  of  surface vegetation with a
spade or grubber (Porteous 1993). This immediately
reduces competition for water and light in the short-
term, although the loss of  ground cover could exacerbate
moisture loss in drought-prone areas.

Areas cleared of  grass turf  create disturbed ground which
can be readily reinvaded by weeds. On some sites, weed
growth may be even more vigorous than the surrounding
grass sward. Therefore, confining the clearance of  grass
and associated ground disturbance to a relatively small
patch to allow planting of  each seedling (max. 30 cm x
30 cm) may be preferable to large-scale clearance.

For large scale projects where ground is accessible, use
of  tractor-drawn giant discs or similar equipment to turn

the grass sward and seed bank of  grass and weed seeds
over to expose the mineral soil can leave a relatively clear
site for the planting of  natives. There may be sufficient
time for establishment of  natives planted at a high density
before weeds become established.

Turning the ground over also works well for bracken
(Pteridium esculentum)-dominated sites controlling
regrowth for up to two years (Ian Barton, pers. comm.).

bracken
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“Best Bet Guidelines” for establishing native plants

With many years of  research on the planting and management of  native trees, Nick Ledgard and
David Henley of  Scion, based in Christchurch, provide the following guidelines for increasing the
success of  planting programmes with natives (Ledgard and Henley 2009):

Do not to take on a large area – better to prepare, plant and maintain a small area and do it well.

Successful establishment means plants are alive and growing well two years after planting. “Planting”
only means placing seedlings in the ground, which is a waste of  time if  they die.

Keep on top of  weeds – lack of  weed control is the biggest killer of  planted natives!

Do not begin any plant establishment unless capable of  implementing all the following steps:

- Good site preparation

- Use good quality planting stock

- Matching species to appropriate planting sites

- Undertaking monitoring to ensure timely maintenance, particularly weed and pest animal
control, is carried out.

WARNING / DISCLAIMER

The information on selection, rates and use of herbicides in this article, is based on information reviewed
from a range of sources, but must be assessed on a case by case basis and/or specific technical advice
sought. It is recommended that users of herbicides follow manufacturers instructions at all times.

Accordingly, Tane’s Tree Trust will not be liable  on any ground for any loss, claim, liability or expense
arising from or due to any errors, omissions or advice provided within this article or from the use of
herbicides or consequences arising from the use of herbicides.
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    arts of  New Zealand’s productive landscape are
dominated by a dense cover of  exotic woody shrub
or scrambling species, sometimes termed brushweeds,
the most widespread of  which are gorse (Ulex
europaeus), broom (Cytisus scoparius) and blackberry
(Rubus fruticosus agg.). All three species can form dense
monocultures or can occur in mixtures that colonise
open and disturbed sites. Blackberry will also persist
in partial shade under a developing forest cover.
Prolific seeding of  all three species ensures they can
spread readily, and in the case of  the legumes gorse
and broom, seed can remain viable in the soil for
many decades.

Eradication of  gorse, broom and blackberry is near
impossible even on localised sites. Where these species
are present, they spread rapidly on reverting pastoral
hill country, retired riparian areas and wastelands, and
especially where intensity of  grazing and fertiliser
inputs has been reduced. Similarly, areas clearfelled
of  exotic timber trees that are not replanted can also
become dominated by these woody weeds.

While this article focuses on gorse, broom and
blackberry, the general principles of  site preparation
and control of  problem woody weeds are likely
to be relevant to many other problem woody and
scrambling weed species throughout New Zealand.
Comprehensive information on control of  a wide
range of  major weed species within each region can
be found on websites and with pest plant control
officers of  local councils.



Management of  dense stands of  exotic woody species is
a significant challenge for landowners and managers
wanting to establish native trees and shrubs. Poor site
preparation of  such sites most often leads to vigorous
regrowth of  problem brushweeds that will seriously
compromise early survival and growth of  any planted
native trees and shrubs.

Factors influencing the preparation of  sites for establishing
natives include the scale of  the proposed planting
programme, resources available to undertake the planting,
the commitment to post-planting weed control and a wide
range of  environmental and site factors such as soil and
drainage characteristics, degree of  exposure and local
climate. Other important factors in preparing sites for
planting natives, that apply to all sites, including the
exclusion of  domestic grazing stock and the control of
animal pests, are covered in other Technical Articles in
this Handbook.

While the focus on site preparation in this article is on
exotic brushweeds and scramblers, there are a few native
plant species that are sometimes attributed the status of
a ‘weed’. Probably the most widespread ‘weedy’ native is
bracken (Pteridium esculentum) which is often in mixture
with gorse, broom and blackberry. Esler (1988) points out
that the New Zealand flora has few annual species to act
as weeds and that bracken is perhaps the most serious
perennial native weed species.

CHALLENGES OPTIONS FOR SITE
PREPARATION

Combination of  spraying and clearing
Sites dominated by exotic brush weed species will normally
require complete removal of  the vegetation cover by a
combination of  spraying and mechanical methods before
natives are planted. In general, this involves spraying scrub
cover with appropriate herbicide followed by clearing.

Methods for clearing dense scrub areas will depend on
the scale of  the planting to be undertaken. Hand methods
such as knapsack spraying and use of  scrub cutters are
practical options for preparing small areas or where sites
are inaccessible for machines.

For large areas, aerial applications by helicopter may be
feasible. However, for most sites, ground-based high-
pressure sprayers which can access the site will be sufficient.
The choice of  herbicide will depend on the species present
and information is best sought directly from suppliers
along with careful consideration of  manufacturer’s
recommendations. Regional Councils also provide
information on the use of  herbicides for particular
vegetation types.

There are many options for mechanical clearance of  sites
dominated by woody exotic species depending on the
species present and the size of  dominant plants. These
vary from crushing, mulching, slashing or clearing using
tractors, excavators or bulldozers.

Once accessible areas of dense exotic brushweeds have
been sprayed, clearing by machines is likely to be the
most effective method especially for large areas.
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It takes time!
Thorough site preparation of  dense exotic scrub sites
takes time. Good site preparation will ensure greater
success of  the native planting programme through less
post-plant weed control and significantly less downstream
costs.

For difficult sites it is wise to allow up to two years before
planting to prepare woody weed-infested sites and ensure
vigorous weed species have been controlled. This will
vastly improve the chances of  successful establishment
of  native trees (Bergin and Gea 2007). This involves:

1. First year – spraying of  the brushweeds with herbicide
to achieve a maximum kill followed by clearing the site of
sprayed weed growth; and

2. Second year – re-spraying vegetative regrowth and any
regeneration from seed of  problem weeds.

Poor site preparation, particularly of  sites that have been
dominated by vigorous brushweeds and scramblers, will
consign managers and landowners to years of  weed control
and often leads to complete failure of  native species
planting projects (Bergin and Gea 2007).

High vs low density planting
Planting natives, particularly relatively fast-growing shrub
hardwoods, at high density is likely to give a canopy cover
within 2-3 years of  planting to shade out regrowth on

potentially difficult weed-infested sites (Bergin and Gea
2007). However, this should not be relied upon without
thorough site preparation. The more problem weeds are
controlled before planting, the less problems will occur
after planting.

With lower density spacing, or where there is low survival
without replanting, adequate canopy coverage with planted
natives will take four or more years, increasing opportunities
for regrowth of  problem brushweeds. In addition to
thorough site preparation, vigilance will be required to
ensure regrowth of  gorse, broom or blackberry does not
become established before the planted natives provide a
near complete cover of  vegetation.

Planting natives on
sites cleared of problem
brushweeds at low
density will require a
longer period of weed
control compared to
higher density planting
where canopy cover by
the natives will be more
rapid.

Temporary conversion to grass
Areas of  gorse, broom, blackberry and other problem
brushweeds that have been thoroughly cleared by machine
or by hand will leave bare mineral soil where regrowth of
the same problem species will occur from root systems
or regeneration from the often significant weed seed banks
in the soil. Such cleared sites can be sown with vigorous
grasses, and fertilised as appropriate, to encourage a
temporary cover of  grass (Ledgard and Henley 2009).
A dense sward, which should develop in a couple of  years,
will help suppress woody weeds prior to delayed planting

of  native trees and shrubs in subsequent years.
This staged strategy of  site preparation may be appropriate
for large-scale planting programmes where difficult weed-
infested sites are cleared in one operation, sown in grass,
and then planted in natives over several years while the
grass cover keeps problems weeds at bay. As areas in grass
are to be planted, site preparation involving spot or blanket
spraying of  the grass with herbicides will allow
establishment of  natives (refer to Technical Article No.
7.3 in this Handbook).

3

One strategy for large-scale revegetation of difficult weed-infested sites over several years is to convert recently cleared areas to
grass to help suppress regrowth of problem weeds.
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MAJOR EXOTIC WOODY SPECIES

As gorse, broom and blackberry are arguably the most widespread problem woody weed species in New Zealand,
specific information on the characteristics, ecology and control measures for each of  these species is provided. This has
been based on information provided in several Regional Council websites including www.ew.govt.nz and www.envbop.govt.nz).

Specific information for each region will be available on local Regional Council websites.

Widespread weed
Introduced to New Zealand as a hedge plant by early
British settlers, gorse was recorded by Charles Darwin
during his voyage through New Zealand waters in 1835
as growing in hedges in the Bay of  Islands (Worsley
1999). It rapidly spread from its original plantings and is
now widespread. Three decades ago it was estimated that
gorse covered 700,000 hectares at varying densities, a
total of  5% of the land area of  New Zealand not occupied
by existing indigenous forest, vegetated sub-alpine and
alpine areas (Blaschke et al. 1981).

Gorse aggressively invades rough pasture and, once
established, rapidly forms dense infestations. It occurs
in scrub and forests, shrubland, fernland and riverbed
communities, coastal habitats and wasteland. Dense
patches can also present a fire hazard as the foliage of
gorse can become dry. Gorse can also provide cover for
pests such as rabbits and possums.

GORSE

Characteristics and ecology
Gorse (Ulex europaeus) is a native of  western Europe, and is now widely spread in temperate regions throughout
the world. It is a woody, deep-rooted perennial legume capable of  growing to four metres high. Numerous
small green trifoliate leaves form hard spines up to five centimetres long.

Gorse produces distinctive yellow pea-like flowers in autumn and spring. Plants produce large quantities of
brownish-black flattened seedpods. The hard-coated seeds are spread up to six metres by an explosive opening
of  the pods in mid-summer. Seed can also be spread by soil and water movement or by contaminated machinery.
Gorse seed remains viable in the soil for more than 30 years, forming seed banks
of  up to 20,000 seeds per square metre of  soil.

Control methods
Control of  established infestations of  gorse is expensive
and due to the long-lived nature of  the seed, needs to be
ongoing to prevent re-infestation. In some regions gorse
is classified as a boundary control pest plant whereby land
occupiers may be required by local councils to control
gorse within a certain distance of  any property boundary.

Effective gorse control is likely to require a combination
of  herbicide spraying and mechanical clearing methods.
All gorse control operations for the planting of  natives
will require follow-up treatment for the best results.

Mechanical Control

Mechanical clearance of  dense gorse by tractor and rotary
slasher, or by larger equipment such as bulldozers and
roller-crusher, can be effective on a large scale, but
expensive.

As a legume it is able to fix nitrogen which in part
assists it in rapidly colonising low-fertility disturbed
sites. Successive cohorts of  seed can germinate,
stimulated if  stands are cleared by burning. The plant
is frost and drought tolerant but intolerant of  shade.

Gorse hosts the nitrogen fixing Rhizobium and can
improve soil fertility. As gorse has a short lifespan of
about 20 to 30 years it does provide a natural nurse
crop for native regeneration and can also be actively
managed for this purpose (discussed later).
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Hand methods using chainsaws, motorised scrub bars or
slashers for clearing of gorse, particularly if laced with blackberry,
can be daunting for large infestations.

Stump Treatment with Herbicide

Cutting gorse with a scrub cutter or chainsaw and treating
the stumps with a herbicide mix, although labour-intensive,
is an effective method for eradicating isolated plants. Plants
should be cut as close to the ground as possible.
Freshly-cut surfaces and all remaining bark can then be
treated with the mix applied through a spray bottle
or knapsack sprayer. The addition of  a surfactant (e.g.
Pulse® or  Boost®) will aid the penetration of  herbicide.

Suitable herbicides and dilution rates for stump treating
of  gorse are:

Tordon Brushkiller® or Grazon® 1 part to 20 parts
water (50 ml/litre water)

Glyphosate (e.g. Roundup®) 1 part to 5 parts water
(200 ml/litre water)

Foliage Spray Application

A number of  herbicides are available for the treatment of
extensive dense areas of  gorse. The most suitable herbicide
will depend on the time of  year, the stage of  growth of
gorse and the chosen application method. Generally the
most reliable results are obtained when gorse is sprayed
between November and February.

Cutting large areas of  dense gorse by chainsaw, motorised
scrub cutter or slasher can be particularly labour intensive
and is likely to be more practical on small infestations and
isolated bushes. If  stumps of  cut gorse are not treated
immediately with a herbicide (see stump treatment below),
re-growth will occur. Large areas of  slashed stumps can
be left to grow to 0.5 metres in height and then sprayed
with herbicide.

Vehicle mounted-pressurised spray equipment is a practical option on accessible sites for herbicide spraying of dense areas of
exotic brushweeds such as gorse, broom and blackberry.

Herbicides can be applied by knapsack or mistblower for
smaller infestations, pressurised gun and hose units for
larger infestations, and aerial application where warranted.
When spraying herbicide it is important that good coverage
is obtained. All foliage through to the centre of  the plant
should be wet to the point of  runoff.  Marker dyes can
be used to indicate the level of  coverage. Again, to improve
herbicide uptake, use of  penetrants such as Pulse® or
Boost® in the herbicide is highly recommended.



BROOM

Weed status
Broom was introduced into New Zealand as an ornamental
plant,  but like gorse has become naturalised and an invasive
weed due to its aggressive seed dispersal. It is very difficult
to eradicate from disturbed sites. The seeds can be spread
by movement of  gravel, mud, water, animals, agricultural
produce, machinery and by people along tracks, railroads,
roads.

Characteristics and ecology
Broom (Cytisus scoparius), a native of  northwestern  Europe, is an erect deciduous shrub growing up to 3 metres
in height. It has pliable, upright, ridged green stems that may have
small leaves, but may also be leafless. Broom is a nitrogen fixing
legume tolerating a wide range of  soils, light conditions
and temperatures.

Herbicides for gorse

Some herbicides are not effective on gorse because of  the
shape of  the leaves and the thick cuticles on the spines,
which help prevent absorption of  herbicides. However,
gorse can be killed using such herbicides as Grazone®,
Tordon® Brushkiller, Escort® and Roundup® (Table 1).

Table 1: Suitable herbicides and application rates for controlling gorse and broom (based on plant pest factsheets and information
available from www.ew.govt.nz and www.envbop.govt.nz).

Hard grazed gorse or recently slashed gorse is difficult to
control because of  reduced foliage to take up herbicide
and as general rule the new regrowth of  most species
provides the best avenue for herbicide uptake. Biosecurity
plant pest officers based at local councils can give advice
on the timing and method of  application best suited to
local situations.

Handgun application

1 litre per
100 litres of water

350 g per
100 litres of water

20 g per
100 litres of water

200-300 ml per
100 litres of water

250-300 ml per
100 litres of water

Glyphosate
(e.g. Roundup®)

Herbicide

Trounce® Gorsekiller

Metsulfuron-methyl
(e.g. Escort®;
Meturon®)

Tordon® Brushkiller

Grazon®

Knapsack application

5 g per
10 litres of water

60 ml per
10 litres of  water

60 ml per
10 litres of water

100 ml per
10 litres of water

6

It is an agricultural plant pest that is relatively unpalatable,
often inhabiting poorly grazed areas. Broom also
causes problems in forestry and inhabits waste-lands,
along road and rail sides, braided rivers and protected
natural areas. Broom is particularly a problem in the open
tussock grassland of  the North Island central plateau.

The yellow flowers bloom from September to December,
although flowering can occur later in cooler areas. Seed
pods are similar to gorse. Broom seeds prolifically - there
are in excess of  2000 pods per bush with each pod
containing several seeds. Consequently the persistent seed
forms a substantial seed bank in the soil.
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Herbicide control

Chemical control of  broom is effective. A blanket-spray
during the full leaf  stage (spring to early summer), followed
by maintenance spraying of  any further growth is effective.

All the herbicides suggested for controlling gorse (Table
1) can be used to control broom. The use of  penetrants
will increase effectiveness of  control. Local biosecurity
plant pest officers located at most local councils can give
advice on the timing and method of  application best
suited to each region.

BLACKBERRY

The dark green leaves of  blackberry are shed in winter.
White or pink flowers occur from November through
to April. The edible fruit is a berry, which ripens to
black in autumn. Arching stems can root on contact
with soil and seed is spread by birds, animals, water
and soil movement. Blackberry is partially tolerant to
shade and poor drainage, preferring high rainfall areas
and medium-to-high soil fertility.

Control methods
Mechanical control

Young plants can be hand pulled or grubbed which ideally
should be carried out before they seed. Small bushes can
be slashed by hand or using motorised scrub bars, as can
isolated small infestations.

As for gorse, hand clearing of  broom on a large scale is
likely to be impractical. Tractor-operated rotary slashers
or heavier machines with mulchers can be used on
accessible sites.

cover. It can rapidly establish and, if  early control is
neglected, will grow to form impenetrable thickets. It is
particularly prevalent on lightly grazed areas and waste
land in higher rainfall areas as a plant of  scrub and forest
margins, shrubland, fernland, riverbeds, road and rail
sides, and wetlands.

Heavy infestations restrict access to streams and provide
an ideal harbour for pests such as rabbits and possums.
Dense blackberry colonies can hasten deterioration of
fencelines and during dry spells can present fire hazards.
In forestry situations blackberry competes with new
plantings as well as restricting access for any management
operations. Even established natives up to 3 m high can
become covered in blackberry as stems scramble over
tree crowns.

Weed status
Blackberry is a well-known nuisance weed in both urban
and rural situations throughout New Zealand where there
has been settlement or significant disturbance of  vegetation

Characteristics and ecology
Blackberry (Rubus fruticosus agg.) consists of  a number of  closely related species, all European in origin, and
has become widely established in many temperate parts of  the world. It is a scrambling perennial shrub with
spiny, suckering stems up to eight metres long growing from a crown at or near ground level. The arching
stems can become entangled with other vegetation forming thickets
up to 2-3 metres high.
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W ithout adequate weed control, vigorous growth of spiny stem s of blackberry can scram ble

over well-established native trees and shrubs and interlaced with other exotics such as

willow (Salix spp.) can be form idable to those interested in restoring riparian zones.

In riparian areas retired from farming, dense blackberry can rapidly form
an impenetrable thicket either side of streams, prohibiting access.

Months after spraying, canes of blackberry can persist potentially harbouring
further weed invasion.
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*Other herbicides that will give control of  blackberry include Amitrole®, Velpar®, Touchdown®, Tordon 2G® and Trounce®.

Mechanical Control

Hand clearing of  blackberry thickets with interlaced
arching stems is difficult. Motorised scrub bars can be
used on small infestations but is labour intensive. The
long reach of  scrub bars will allow easier cutting of
sprawling stems than with chainsaws. Grubbing of  root
systems will prevent re-sprouting but again this is labour
intensive. Inevitably, blackberry will quickly invade from
regrowth of  cut stems and from new regeneration. This
will require spraying with herbicide once leaves have
formed.

Where practical, herbicide spraying of  blackberry several
weeks before clearing will reduce regrowth from cut
stems.

For large scale areas using machinery, such as tractors

As with gorse, blackberry can be classified as a boundary
control pest plant in some regions whereby land occupiers
may be required by local councils to control it within a
cer tain distance of  any property boundary.

with rotary slashers or excavators with mulching units, is
likely to be the most practical method for clearing dense
blackberry. Again a programme of  follow-up spraying
with herbicides will be required to prevent re-infestation.

Herbicides for blackberry

A number of  herbicides are suitable for the control of
blackberry (Table 2). Herbicides may be applied by
knapsack or mistblower for smaller infestations, or handgun
and hose units for larger infestations.

Choice of  herbicide will depend on the location of  the
infestation, the proximity of  desirable species and the
application method chosen. Spraying should be undertaken
during periods of  active growth, generally from late
November through to April. When applying herbicide it
is important that good coverage is achieved. Marker dyes
may be useful in helping indicate the level of  coverage
and to avoid misses and overlaps. Follow-up treatment
is advisable on dense stands to maximise initial control,
including after clearing where regrowth from root crowns
and suckers is inevitable.

Table 2: Suitable herbicides and application rates for controlling blackberry (based on plant pest factsheets
and information available from www.ew.govt.nz and www.envbop.govt.nz).

Handgun application

1-1.5 litres per 100
litres of water

35 g per
100 litres of water

300 ml per
100 litres of water

500 ml per
100 litres of water

Knapsack application

Glyphosate
(e.g. Roundup®)

Herbicide*

Metsulfuron-methyl
(e.g. Escort®;
Meturon®)

Tordon® Brushkiller

Grazon®

5 g per
10 litres of water

60 ml per
10 litres of  water

60 ml per
10 litres of water

100 ml per
10 litres of water

Herbicide spraying of dense blackberry before clearing commences
should reduce regrowth from cut stems..

Spraying blackberry regrowth as
sufficient leaves emerge for uptake
of chemical.
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CARE WITH HERBICIDES

Herbicides can be hazardous and require careful handling
and use. Before purchasing or using any herbicide, product
labels and Safety Data Sheets provided by suppliers and
manufacturers should be read carefully. Many local authority
websites also offer advice on choice and use of  herbicides.
There are various recommendations when using
herbicides, listed by Porte0us (1993) and others, including:

Follow manufacturer’s recommendations carefully for
determining the correct chemical, handling instructions
and application methods, and quantities of  herbicide;

Use protective clothing as needed;

Determine the most appropriate equipment including
spray nozzle;

Become familiar with safety warnings, precautions and
first aid measures;

Following recommended precautions to avoid spray
drift to neighbouring properties and contaminating
waterways;

Spray only in calm conditions when rain is not expected
for several hours; and

Protect non-target species on the site from spray drift.

ALTERNATIVES TO CLEARING

Biological Control
Biological control is a long-term control method, that
reduces the vigour of  infested plants, involving the
introduction of  plant-specific insects that will control
particular exotic plants. Any potential introductions are
thoroughly researched and screened to ensure native plants
will not be affected.

Biological control agents are being trialled by Landcare
Research and a number of  insects have been introduced
into various regions for the control of  gorse and broom.
Insects are being spread as they become available and can
be obtained by contacting a pest plant officer at the local
regional council who will advise on their suitability for
any particular infestation.

For instance, six separate biological control agents for
gorse have been released within the Waikato region. The
most successful of  these has been the gorse spider mite.
Four broom agents have been released including the broom
seed beetle, broom twig miner and broom psyllid.

Manaaki Whenua Landcare Research runs a national
biological control programme, often in collaboration with
local Regional Councils. Refer to the Landcare Research
website for more information on bio-control agents
www.landcareresearch.co.nz.

The effectiveness of  biological control agents in reducing
the vigour and spread of  gorse, broom and blackberry
locally can be explored. However, relying on biological
control to prepare brushweed-infested sites for the planting
of  natives (in the foreseeable future) is likely to be
impractical. For landowners and managers keen to establish
natives, the need for site preparation of  weed-infested
sites as described in this article, comprising a mix of
herbicide spraying and physical clearing, is likely to remain
the most practical option.

Inter-planting in gaps and lines
While this article focuses mainly on control by herbicide
and clearing of  woody exotic weed species to allow
establishment of  native shrub and tree species, the option
of  using selected brushweed species as a nurse cover for
newly planted native species, or to encourage natural
regeneration of  natives, may be a practical option in some
cases. Inter-planting natives into the shelter of  existing
scrub within any natural gaps, or in cut gaps or lines may
be particularly advantageous on difficult exposed sites.

Options and methods for inter-planting gorse and broom
are similar to inter-planting within seral native shrubland
often dominated by manuka (Leptospermum scoparium) and

Follow manufacturer’s instructions in the handling and use of
chemicals including wearing protective clothing.
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kanuka (Kunzea ericoides). Site preparation and planting
existing shrubland, either dominated by exotic scrub or
native species, is covered in a later article in this Handbook.

Managing succession through brushweeds
Retaining brushweeds such as gorse and broom as a nurse
crop may be feasible in some circumstances for regeneration
of  native trees and shrubs. However, scramblers such as
blackberry are not desirable nurse crop species. The
persistence of  blackberry, often in mixture with bracken,
and its vigorous sprawling stems can prevent regeneration
of  native species for decades.

Native trees and shrubs can succeed gorse, broom and
other selected shrub weeds if  certain conditions are met
(Davis and Meurk 2001). Native forest can develop by
natural succession in 10-20 years, though dry sites distant
from seed sources will take longer. The brushweeds initially
form a dense canopy that suppresses grasses and weeds,
and later protects seedlings and saplings of  native plants.

The density of  gorse and broom affects the rate of
succession. As dense stands age, they become more open
and move more quickly to succession, especially in the
absence of  grazing or browsing.

This technique is working successfully and within a short
time frame on Banks Peninsula (Wilson 1994). This process,

involving minimal intervention, is a possible option for
large-scale reversion of  marginal grazing land.

A “minimum interference management regime” of
encouraging natural regeneration in gorse and broom
sites could therefore involve:

Controlling other weeds, especially around edges or
in open patches;

Undertaking restoration planting around edges to
provide a screen, to fill in open areas or to provide
linkages if  needed;

Excluding all domestic and wild animals by fencing or
other means;

Preventing fire, as regeneration of  broom and gorse
from the inevitable large seed banks in the soil, will
be stimulated by fire; and

Clearing property boundaries of  gorse and broom to
meet statutory requirements.

If  local seed sources of  key native tree species are not
present, then the option of  establishing small groups or
copses of  these species scattered throughout exotic scrub
areas could be contemplated. These groves of  selected
podocarp and tree hardwood species could be planted
within gaps in the gorse and broom, and if  established
in accessible areas, can be monitored and maintained
in early years to ensure high survival and growth.

In the absence of fire and grazing, gorse and broom will
eventually be replaced by a range of native seral species from
local seed sources. This however takes several decades
prompting many to speed the process up by clearing the exotic
brushweeds and planting natives, and an ongoing commitment
to controlling regrowth of weeds.
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Over one thousand hectares of  gorse and regenerating native
vegetation in the south-east sector of  Banks Peninsula are
being managed for the protection and restoration of  native
vegetation and wildlife under a policy of  minimum interference
(Wilson 1994). The reserve was completely forested in
pre-human times but, as with much of  Banks Peninsula, the
forest cover was severely reduced, especially after European
settlement. Only about 4% of  this old-growth forest survives.

From gorse and broom to natives!  A case study – Banks Peninsula
Since the removal of  grazing stock and control of  wild animals,
the transformation from open pasture and gorse to native vegetation
has occurred rapidly. The area is a diverse mosaic of  successional
vegetation, in addition to a small area of  old-growth forest.
Approximately 30% of  the total area in closed-canopy second-
growth native forest, about 53% under scrub of  naturalised gorse
and broom and the remaining 13% under pasture, fernland, and
native tussockland.

The predicted cover 50 years hence, assuming that fire can be
excluded, is 95% second-growth native forest, 4% old-growth
forest, and 1% tussock, shrubland, and scrub which will persist
on bluffs. Successional pathways are diverse, involving both native
and naturalised species.

Monitoring of  vegetational change since the late 1980s shows that
in the absence of  grazing animals and fire, regeneration of  native
forest is rapid, especially through gorse and broom scrub, and by
the vigorous establishment of  native seral hardwoods, especially
kanuka.

WARNING / DISCLAIMER

The information on selection, rates and use of herbicides in this
article, is based on information reviewed from a range of sources,
but must be assessed on a case by case basis and/or specific
technical advice sought. It is recommended that users of herbicides
follow manufacturer’s instructions at all times.

Accordingly, Tãne’s Tree Trust will not be liable for any loss, claim,
liability or expense arising from or due to any errors, omissions or
advice provided within this article or from the use of herbicides or
consequences arising from the use of herbicides.
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       sing the correct planting techniques for establishing
natives is critical to the success of  any planting project.
Good planting practice along with thorough site
preparation, appropriate matching of  species to each
site, use of  high quality planting stock and a consistent
maintenance programme, all contribute to long-term
survival, good growth rate and vigour of  planted native
trees and shrubs.

Guidelines that include methods for planting native
trees have been produced by several authors including
Evans (1983), Pollock (1986), Porteous (1993), Ministry
of  Forestry (1988), and Davis and Meurk (2001).
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CONTRACT PLANTING vs LOCAL COMMUNITY PLANTING

There are two broad labour options for planting projects – voluntary labour provided by the local community, or
experienced contractors who can either undertake the work or advise and supervise other workers (Davis and Meurk
2001).

Community-based planting
Voluntary labour greatly reduces costs and encourages community involvement. There is merit in volunteers being
involved in on-going management of  the restoration site, as it provides continuity and opportunities for locals to contribute
to all stages of  the project from planning to implementation, and allows communities to take ‘ownership’ of  local projects.

Local community contributors can have a wide range of  skills, energy and commitment. On the down side, some
volunteers may lack experience and will make mistakes. Supervision therefore is an essential component and can require
a lot of  commitment and time.

Contract planting
For large-scale planting programmes that are well resourced the option of  contracting experienced planters is often a
practical option. However, care is required in ensuring that hired contractors are nevertheless experienced in planting
native tree and shrub species. Some contract planters who only have exotic pine planting experience may be reluctant
to modify planting practices for establishing larger native plants raised in containers, or may not be aware of  extra care
required for natives.

As with community-based volunteers, planting programmes involving contractors still require good planning and
supervision. This includes ensuring plants are on the site in time, adequate site preparation has been carried out,
planters are fully informed of  what to plant and where, and some form of  quality control is undertaken.

Davis and Meurk (2001) provide advice on management
of  community-based planting projects including:

- Circulate clear information well before events to inform
volunteers of  the nature of  the work, the location of  the
planting project, the starting time, and where necessary,
what to bring such as tools, sun protection, warm clothing
and lunch.

- As an incentive providing a free lunch and refreshments
can boost participation.

- Project organisers must provide all the Health and Safety
requirements including drinking water, extra supplies of
sunscreen and first aid materials, and carry out any Health
and Safety briefings.

- If  a project is well established, casual voluntary labour
may be counter-productive so a register of  tried and
proven individuals who can be relied on may be preferable.
Specific workdays to suit this core of  volunteers can then
be organised.

- Volunteers will need careful supervision and guidance.
One person should coordinate the entire operation, and
they should be visible (bright safety vest) and centrally
located to direct people to the correct places, or to other
supervisors.

- Project supervisors will need to demonstrate the correct
planting technique and this must be reinforced several
times with key aspects of  good planting emphasised.

Davis and Meurk (2001) provide advice on management
of  community-based planting projects including:
- Circulate clear information well before events to inform

volunteers of  the nature of  the work, the location of
the planting project, the starting time, and where
necessary, what to bring such as tools, sun protection,
warm clothing and lunch.

- As an incentive providing a free lunch and refreshments
can boost participation.

- Project organisers must provide all the Health and
Safety requirements including drinking water, extra
supplies of  sunscreen and first aid materials, and
carry out any Health and Safety briefings.

- If  a project is well established, casual voluntary labour
may be counter-productive so a register of  tried and
proven individuals who can be relied on may be
preferable. Specific workdays to suit this core of
volunteers can then be organised.

- Volunteers will need careful supervision and guidance.
One person should coordinate the entire operation,
and they should be visible (bright safety vest) and
centrally located to direct people to the correct places,
or to other supervisors.

- Project supervisors will need to demonstrate the correct
planting technique and this must be reinforced several
times with key aspects of  good planting emphasised.
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In warmer districts where frosts are light, native trees
and shrubs can be planted from late autumn to early
spring. However, on sites where winters are mild and
summers are likely to be dry, autumn planting is likely to
be more successful, ensuring seedlings are well established
with maximum root development before summer drought
sets in.

Unexpected droughts in autumn or spring can cause
mortality of  sensitive species. Out-of-season frosts can
also cause considerable damage to newly flushing foliage
of  many natives but does not always kill seedlings.
Staggering planting over several years may minimise losses
in larger programmes due to infrequent extreme annual
climatic effects.

The planting season can be extended in cold climates
where natives are being planted within shelter of  existing
vegetation or after earlier plantings have established
sufficient cover. Planting near wetlands and on moist
stream banks should only take place after the water table
has fallen in late spring to early summer (Davis and Meurk
2001).

Planting on hot, sunny or windy days should be avoided
wherever possible (Porteous 1993).

Some seedlings are susceptible to frosting especially
nursery-raised seedlings planted on frost-prone sites.

TRANSPORTING AND STORING
PLANTS

Care is required in transporting and storage of  native
plants to ensure they do not dry out or get damaged.
Recommendations include:

Avoid packing seedlings too tightly for transport; use
containers or trays to assist in packing and transporting;

Use covered trucks and trailers to transport seedlings;

Do not leave containers or plants removed from root
trainers in direct sunlight;

Store plants out of  the sun – use a breathable cover
such as shade cloth if  necessary;

If  plants are stored for an extended period, avoid
excessively shady areas as they will become leggy
and soft;

Plants in storage must be watered regularly and
thoroughly – as often as every 2 days in hot weather,
otherwise every 3-4 days;

Shelter plants from the wind and keep moist during
transport; and

All seedlings should be watered thoroughly before
transporting to the planting site.

PLANTING TIME

Seasonal and annual climatic conditions influence the
success of  planting programmes (Bergin and Gea 2007).
The time of  planting depends on how prone the site is
to drought and frost, and the species being planted. This
is especially important when open exposed sites are to
be planted.

On cool upland sites and more southerly regions, native
trees are best planted in early spring when the heaviest
frosts are over. Newly establishing plants will struggle to
survive during harsh winter conditions if  planted in
autumn or early winter.
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Checking root system - Root-bound plants should ideally
be rejected as should seedlings with grossly distorted
or under-developed root systems. Root-bound plants
are slow-growing and plants with distorted roots are
vulnerable to instability even decades after planting.
If  they have to be used, the root ball needs to be
loosened, and any fibrous roots teased out or cut to
encourage growth into the surrounding soil after
planting. The soil-root mass should be moist, but not
wet or it will be hard to handle.

Cultivation - Loosening of  soil around the planting
position is likely to be beneficial on the most difficult
substrates such as heavy clay soils or where compaction
is evident. This will improve drainage and encourage
early root penetration. Post hole borers can be effective
in large planting programmes but care is required to
ensure that sides of  holes are not glazed as that can
prevent root penetration. Scoring the sides of  bored
holes with a spade will reduce this problem.

PLANTING TECHNIQUES

If  planting is not done properly, it is inevitable that plants
will become unthrifty, unstable or die, wasting time,
money and effort. The key principles of  good planting
(based on Davis and Meurk 2001; Bergin and Gea 2007;
Porteous 1993) are as follows:

Removal of  container - Remove plant from the container
carefully, retaining as much soil around the roots as
possible. Root systems of  container-grown seedlings
should be sufficiently developed to bind all the potting
mix into a cohesive mass that does not disintegrate
when removed from the pot and placed in the planting
pit. Care is required in removing plants from root
trainers where roots may be tangled with adjacent
seedlings.

Remove plant from the container carefully, retaining as much
soil around the roots as possible.

Checking the root system of container-grown plants of native
trees and shrubs before planting is essential to ensure root
systems are not pot bound, grossly distorted or under-developed.

Native trees and shrubs are commonly raised in PB3 planter
bags (left) or in root trainers (right). Care is required in removing
plants from root trainers as roots can be tangled between
adjacent plants.



5

Digging holes - If  necessary, skim dense grass cover off
the soil surface using the spade (screefing). Do not
remove too much topsoil. Dig a hole up to twice the
size of  the plant container, score the sides and loosen
soil in the bottom of  the hole. Use any removed grass
as a mulch.

Depth of  planting - Each plant must be planted at the
correct depth to make best use of  soil moisture or to
avoid waterlogging in wet sites. For large planting
stock at least 50 cm high, the planting hole needs to
be deep enough for the collar (base of  the stem) to
sit at least 5 cm below adjacent soil surface. This is
especially critical on dry sites.

Planting - Place plant in hole so the base of  its stem is
the correct depth below the adjacent soil surface.
Gradually add soil around the roots, firming each layer.
Firm the soil well after planting, leaving a slight
depression (in unsaturated soils) to catch any rain or
water run-off.

Marking planting sites - For small-scale projects, after
planting is completed, and particularly on sites where
weed growth is expected to be vigorous, a stake placed
next to each seedling can be useful to identify location.
It is not necessary to tie plants to the stakes as it may
damage them as they grow if  ties are not later remeoved.
In urban areas, stakes can attract vandalism. Staking
small and slow-growing plants helps prevent them
being lost, smothered by grass, or damaged by
weedeaters. Using stakes for large-scale planting is
impractical and costly so is not recommended.

Place plant in hole so the
base of its stem is a few
centimetres below the
adjacent soil surface.

Good growing practice for natives is digging a well-cultvated
hole that accommodates the root sysem.



Fertiliser application
Davis and Meurk (2001) considered that fertiliser is
not normally needed for planted native species.
Fertiliser can easily give a competitive advantage to
weeds. On upland sites, the effects of  fertiliser
treatment at time of  planting were often confounded
by other factors such as degree of  weed growth
(Bergin & Pardy 1987). On grossly nutrient-deficient
soils, fertiliser incorporated into the planting hole
may stimulate growth. Broadcast application is likely
to encourage weed growth.

Slow-release NPK fertiliser improved growth of
kauri planted in gaps in 3-4 m-high scrub on nutrient-
poor heavy clay soils on the Coromandel Peninsula
(Bergin and Kimberley 1987). Height and diameter
of  5-year-old trees had been increased by application
of  Magamp (50 g per seedling) at time of  planting.
Doubling the rate of  Magamp appeared to be
detrimental to growth and survival, and application
12 months after planting did not stimulate growth.
Lloyd (1977) suggested that fertiliser applied in the
early stages of  establishment would improve plant
vigour but not necessarily height growth.

If  fertiliser is used at planting, then the incorporation
of  a slow-release fertiliser in granule or tablet form
should be incorporated with soil in the hole at time
of  planting. Slow-release fertilisers need to be in
contact with moist soil to work.

The best method for reducing browsing damage of newly
planted native trees and shrubs is permanent fencing to exclude
grazing stock and ongoing control programmes to keep rabbits
and hare populations to low levels.

Reducing browsing damage
Areas to be planted with natives require permanent
fencing to exclude grazing stock. While wild animals such
as rabbits should be controlled (refer to Article No. 7.2
in this Handbook), it is inevitable that on some sites
animal pest control may not be totally effective. Application
of  animal repellents immediately before, or at planting
time is an option although these will need to be repeated
after heavy rain. In areas of  tall rank grass or similarly
high weed growth, the option of  planting in cleared gaps
amongst tall grass may help deter rabbits accessing
group-planted natives.

Artificial shelter
Artificial shelter can be an effective option on some sites
to improve growing conditions of  planted seedlings and
to deter animal browsing (Davis and Meurk 2001).
However some caution is required with tree protectors
as they can restrict the development of  branches and
foliage or cause heat stress. For small-scale planted areas,
there is scope for erecting a 1 m high fence with shadecloth
to surround plants on exposed sites.

Installing artificial shelter adds significantly to the cost
of  planting and is not likely to be practical on a large
scale.

Use of artificial shelter to protect seedlings such as this windcloth
fence around a small group of planted natives is not practical
on a large scale.

ONGOING MAINTENANCE
AFTER PLANTING

Using hydrogel
Rain/water crystals could be added to the planting soil
in drier areas to help retain moisture, though their
effectiveness in the outdoors is unclear. For example, in
two sand dune trials, hydrogel had no effect on plant
growth or survival (Bergin and Kimberley 1999). Until

further research indicates otherwise, use of  hydrogels for
large-scale planting programmes with natives is not
considered necessary.

6
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Mulching
Mulching plants with a layer of  permeable material can
be beneficial to retain soil moisture, reduce weed growth
and provide soil insulation (Davis and Meurk 2001).
However, the use of  mulches in large scale planting
programmes is impractical.

Where mulching is used, low-cost methods and materials
that will degrade naturally are preferred, such as newspaper
(at least 6 sheets thick), fine bark chips (10 cm deep), wool
mat or carpet underlay, coconut matting, straw or dead
vegetation. The latter two options may contain weed seeds.

Synthetic weed mats can be pinned down with wire and
used on steep sites. However, they do not decompose,
they prevent the development of  an organic layer on the
soil and are difficult to remove when they are no longer
needed.

Replacing plants
Replacement of  dead plants (known as “blanking”) may
be advisable, especially to fill in large gaps. Depending on
growth, this may be feasible for at least 2 years after the
original planting was done.

Watering
Watering should not be necessary after planting if  well-
conditioned nursery stock are planted in the right place
at the right time of  the year (Davis and Meurk 2001). In
dry sites, droughts are unpredictable and irrigation (if
practical) in the first year may reduce the loss of  valuable
plants. Irrigation on a large scale is generally not practical
or cost-effective.

Use of synthetic weed mats are not practical or cost-effective
for large-scale planting projects. They must be pinned down,
may not decompose and can be difficult to remove when no
longer required.
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INTRODUCTION

             any planting programmes using natives involve
the establishment of  trees and shrubs on an open site,
usually grassland recently retired from grazing. Choice
of  planting pattern and density can vary from high to
low densities, from mixed to single species plantations,
or from rigid line-planting to flexible placement of
plants. For open sites, planting pattern and density
depends on several factors including:

objectives of  planting;

scale of  the planting project;

species to be planted;

site conditions, particularly the degree of  exposure;

resources available for purchase of  stock;

degree of  site preparation undertaken including
animal control;

potential of  vigorous weeds to colonise the site;
and

commitment to after-planting care, particularly weed
control.

Balancing act!
The choice of  planting pattern and density is a
balance between planting at a dense spacing to achieve
canopy cover and hence weed control quickly, and
wider spacing requiring a commitment to monitoring
and controlling potential weed invasion over longer
timeframes (Davis et al. 2009). While a dense planting
can give a canopy cover within 2-3 years, this option
requires large numbers of  plants and intensive site
preparation and planting for this option to succeed.
Conversely, a low plant stocking may take a decade
on some sites to become fully covered in native
woody vegetation, especially if  growth rates are
slowed by poor climatic conditions and with a low
maintenance regime.
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PLANTING DESIGN FOR NATIVE FORESTRY

Where the objective is to establish native trees for long-term timber production,
choice of  density has implications for growth rates of  planted trees, tree form

and cost of  establishment.

High-density planting
For establishing a plantation as a dense stand, the stockings
may have to be in excess of  5000 stems/ha (plant spacing
less than 1.5 m apart) to achieve canopy closure within
five years. Trees planted at high-density will reach canopy
closure more quickly than trees established at lower
stockings. With the onset of  between-tree competition

On lowland sheltered sites, native
trees can be planted in the open at
wide spacings of  4 m (625 stems
per ha) or more. This is particularly
suited to establishing groves of
native trees in urban or regional
parks where the major objectives
are to provide recreational space
and enhance aesthetic values.
The aim is to carry out all site
preparation, planting and after-
planting care to a high standard
and to use good quality seedlings
as any mortality will leave large
canopy gaps.

Low-density planting as the stand develops, increasing competition will reduce
growth rates of  stem diameter but will encourage the
development of  straight, tall stems and branch-free lower
boles. Totara, kahikatea, kauri and the beeches (Nothofagus
spp.) have been successfully planted on open sites at high
stockings. For example, a 90-year-old untended plantation
of  totara established originally at 1.2 to 1.5 m tree spacing
is growing at less than half  its potential stem diameter rate
compared to totara at wider spacing on similar sites but
there is a high proportion of  trees with single-leadered
stems and clear boles over 10 m in height (Bergin and
Kimberley 2003).

Once canopy closure is achieved and within-stand
competition intensifies, thinning will be needed or growth
rates will reduce substantially. Depending on initial growth,
this may need to be done within 1-2 decades of  planting.
It is likely that ongoing form-pruning of  residual trees may
be required as the stand is opened up.

Costs of  establishment
A major disadvantage with planting native trees species at
high density is the high cost of  establishment. Davis et al.
(2009) calculate that establishment costs for planting of
trees species such as rimu (Dacrydium cupressimum) would be
$35,000 per ha at a medium-density planting of  4444 plants
per ha (tree spacing 1.5 x 1.5 m). This is not too dissimilar
to Bergin and Gea (2007) who calculated cost for trees
planted at the same density was $30,000. Both scenarios
are based on planting nursery-raised seedling in planter bag
(PB) containers at a cost of  $4 each.

Bergin and Gea (2007) indicate that planting native trees
at 10,000 stems per ha (1 x 1 m) is likely to be in excess of
$60,000 per ha. In contrast, lower stocking options such as
trees planted at 4 m spacing (625 stems per ha) is estimated
to cost $5500 per ha to establish. This allows for up to five
years of  weed control. However, depending on growth rate
and tree species used, plantations established at low-density
are likely to take at least a decade before canopy closure.
The vulnerability of  the planting site to be invaded by
vigorous weeds has seen the demise of  many planting
programmes where trees have been established at wide
spacing. Lower planting densities require a long-term
commitment by landowners to ensure that inspection of
sites is carried out regularly until canopy closure and problem
weeds are controlled before they overtop any planted
seedlings. Extended periods of  monitoring and maintenance
will add further to establishment costs.

Depending on the species, trees in lower stocked stands
will tend to have, from a production forestry perspective,
poor tree form with coarse low branching and multiple
leaders. If  merchantable sawlogs are desired, native trees
planted at wide spacing will inevitably require removal
of  multiple leaders and lower large branching as with
exotic production forestry. Some species such as kauri
(Agathis australis), kahikatea (Dacrycarpus dacrydioides) and
tanekaha (Phyllocladus trichomanoides) will require less
silviculture as they naturally form a largely erect mono-
podial habit usually with a single leader. Other species
such as totara (Podocarpus totara) and puriri (Vitex lucens)
will, if  given the space, tend to form large, spreading
rounded crowns, and will require repeat form-pruning
to produce a single stem.
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Information about Continuous Cover Forestry (CCF)
applicable to New Zealand conditions, Barton (2008)
indicates that native species appear to offer very
good potential. He argues that in future years it is
likely more of  our timber will need to be managed
by methods other than clearcut forestry, and this is
especially so for our native forests. Continuous cover
principles mimick natural forest processes and
produce not just timber but also the associated
benefits of  “multiple-use forestry” including a wide
range of  environmental and social outcomes.

Trees planted at high density will reach canopy closure more
quickly than trees established at lower stockings. Increasing
between-tree competition will reduce growth rates but will
encourage the development of straight, tall stems and branch-
free lower boles.

Planting pattern
Regular planting patterns including line-planting and
establishment of  monocultures of  key species may be
appropriate for some landowners establishing blocks of
native trees where the objective is long-term timber
production. Planting seedlings in lines on open sites
ensures that even plant spacing and the desired density
are achieved, particularly for large-scale operations. It
also permits easier location of  plants for releasing. Views
of  lines may detract from a natural appearance, but this
effect is minimised with canopy closure and with
subsequent effects of  competition and thinning.

Establishment of  new native forest does not necessarily
have to follow rigid planting practices as used in the exotic
forest industry. Flexibility in planting pattern when
establishing new native forests will allow species to be
planted on ecologically appropriate sites and the
development of  mixed-aged and mixed-species stands
more akin to natural forest patterns.

NURSE SPECIES

Pioneers
Native tree species establish naturally amongst pioneer
vegetation, which provides protection from extremes of
local climate. Planting of  a hardy vegetation cover in
advance of  the chosen tree species can mimic this process
of  natural succession. The use of  quick-growing, generally
hardy, shrub hardwood species (nurse species) is a favoured
method for providing shelter on an exposed site and a
canopy cover to reduce the time needed for weed control.

Many native tree species favoured for timber production
grow slowly in early years, but performance of  some is
improved when they are planted within shelter. For instance,
totara planted at 2500 stems per ha took at least 8 years
to canopy closure on a south Auckland site (Bergin 2003)
whereas manuka (Leptospermum scoparium) planted as a
nurse crop at the same density on a similar site took only
half  this time (Steward 2000).

Exposed sites
On severely exposed, open sites, shelter must be provided
for more sensitive tree species by advance planting of
nurse species such as manuka, kanuka (Kunzea ericoides),
kohuhu (Pittosporum tenuifolium) and karamu (Coprosma
robusta). Once the nurse species is established, native trees
can be interplanted at the desired stocking rate and planting
pattern. Depending on growth rate of  the nurse species
and severity of  the site, target timber trees can be planted
1-5 years after the nurse crop. Natural gaps that occur
within the cover or are cut by hand can be used to plant
target timber species.

On less exposed open sites a mixture of  nurse crop species
and target timber species can be planted concurrently.
Shrub hardwood species are likely to be cheaper than
native tree species and can ‘bulk-out’ a planting site to
give early canopy cover and reduce the length of  time for
weed control from 5-10 years for widely spaced stands to
about 2-3 years for dense plantings. The more expensive
native conifer and hardwood timber tree species can be
interplanted at near final spacing within the nurse crop,
using a random pattern if  a natural appearance is desired.

Improving tree form
As well as shelter, nurse species provide side shading
which encourages apical dominance of  main leaders,
smaller branch size and a lower incidence of  multiple
leaders. Regular maintenance will be required to ensure
that light levels remain adequate for growth of  the
interplanted trees. Maintenance of  a light-well above each
interplanted tree is essential to encourage height growth
and in time the nurse species will be suppressed.

Continuous Cover Forestry -
mimicking natural patterns
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PATTERN AND SPACING FOR
CONSERVATION PLANTING

Revegetation of an open site
for conservation purposes.

Pattern of  planting in restoration programmes for largely conservation purposes will likely involve random
positioning of  plants although consideration of  different site types will still govern how species are best
matched to the most appropriate sites. The aim with large-scale revegetation on an open site with native
tree and shrub species is to quickly achieve canopy closure which is self-sustaining and requires little further
intervention.

To achieve conservation and biodiversity objectives, Davis and Meurk (2001) provide the following
recommendations for native restoration programmes:

Distribute plants in their planting places to ensure all the expensive tree species will not be planted in
one place or too close together.

Normal planting density is around 1 plant per square metre. This is more costly than planting at wider
spacings but it will achieve more rapid control over grass and weed competition.

Planting small stock densely will minimise costs and allow for losses from natural mortality. If  grass
control will be infrequent, less dense planting of  larger grade plants may be appropriate on moist sites
or in deep soils.

Not all species need to be planted at the outset, so an allowance for interplanting in subsequent years
is required in the initial placing of  plants.

Use different spacing for different
plant types and sites:

For forest sites:
Allow spacings of  3-10 m for large
canopy and podocarp trees, i.e.
1000-100 plants per hectare.

Allow 1-2 m for small trees (e.g.
kohuhu), and 1 m for shrubs and
large tussocks (e.g. karamu), i.e.
10 000-2500 plants per hectare.

Waterway enhancement:
For establishing dense sedge
tussocks to prevent weed invasion
and provide shelter, shade and a
source of  insects for in-stream
wildlife.

Allow 0.5 m for ground cover
plants and small tussocks (e.g. ferns,
rushes and sedges), i.e. 40 000
plants per hectare.
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Supplementary planting of  trees
If  not planted in Year 1, supplementary plant native timber species in gaps
between existing plants

Use site preparation as for Year 1 – spot spray grass and weed cover before
interplanting native trees.

Weed control
Spray weeds around base of  seedlings before they reach a height of  30 cm

Spot-spray or hand cut brush weeds and blackberry.

TIMELINE FOR ESTABLISHING NATIVE TREES

Silviculture
Enlarge gaps to ensure light wells remain above interplanted native tree
species

Continue annual inspections until tree species have grown through canopy
of  nurse cover.

Continuing weed control and canopy closure
Grass control becomes less important once trees are 1-2 m in height

Inspect sites and continue to remove vigorous weeds and blackberry.

YEAR 1
Controlling animals

Erect stock-proof  fences

Graze grass

Remove stock, control wild animals.

Spraying
Spot-spray 1 m diameter areas at the required wide spacing (2-4 m apart)
using knapsack sprayer

Use marker dye in spray to assist with determining spray pattern and density
and relocation of  spots if  planting is undertaken before dead grass areas
show up.

Planting
Plant large seedlings 2 weeks after spraying in centre of  each spot
Use hardy shrub species initially for exposed sites

Plant tree species at near final crop spacing only on sheltered fertile sites
and where good maintenance is guaranteed.

Blanking
Inspect site 3-6 monthly to determine and remedy any causes of  mortality

At wide spacing any losses will leave large gaps

Re-plant gaps with large seedlings during the next planting season.

LOW-DENSITY OPTION (Plant spacing 2-4 m)
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Silviculture
Enlarge gaps to ensure light wells remain above interplanted native tree
species

Continue annual inspections until tree species have grown through canopy
of  nurse cover.

Canopy closure and silviculture
Depending on growth rate, canopy closure should occur within 3 years

After this no further weed control will be required

Ensure native tree species in gaps are not being overtopped by faster
growing shrub hardwoods.

Continuing weed control
The need for grass control will reduce as shrub and tree crowns expand

Continue spot-spraying or hand-cutting of  woody weeds and blackberry.

Controlling animals
Erect stock-proof  fences

Graze grass to low levels where practical

Remove stock, control wild animals.

Spraying
Blanket-spray site with herbicide preferably at least 2 weeks prior to planting.

Planting
Plant mixture of  hardy shrubs and trees for shelter and to bulk out site

Aim to get at least 5000 spha (plant spacing less than 1.5 m)

Plant mostly shrubs with native tree seedlings randomly mixed in at near
final crop spacing of  4-600 spha (4-5 m plant spacing)

If  necessary leave planting of  the tree species on severely exposed sites
until shrub cover is established and providing more shelter (Years 2-3).

Weed control and blanking
Inspect site every 3-6 months

Determine and remedy any causes of  mortality

Replace dead seedlings (blanking) during the next planting season

Re-spray areas of  grass or weed regrowth before it reaches a height
of  20 cm.

Spot-spray or hand-cut brush weeds and blackberry.

HIGH-DENSITY OPTION (Plant spacing 1-1.5 m)

TIMELINE FOR ESTABLISHING NATIVE TREES



 4-5 m

 4-5 m
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SCENARIOS FOR ESTABLISHING PLANTATIONS

Five scenarios demonstrate different planting patterns, densities, and timing for establishing a stand of  native
timber trees on open sites. Choice of  scenario will depend on the site and species to be planted, the degree
and type of  weed growth expected, resources available for planting and management, and the objectives for
establishing the stand.

Appropriate for sheltered lowland grassed sites that
are likely to be well-managed and high survival
expected. Examples of  plantations established at
wide spacings are often found in grassed urban parks
where vigorous weeds are unlikely to occur.

Plant and control weeds

Plant native tree species at near
final spacing of  4-5 m (about 500
stems/ha). Use knapsack sprayer

to keep rank grass away from
seedlings for at least 2 years; large
areas between trees can be left to

develop into rank grass.

On flat or rolling sites, wide spacing
allows for tractor mowing as for

urban parks. Alternatively, grazing
will keep grass under control with
tree protection necessary particularly

at early stages.

Form prune

For wood production intensive
form pruning will be required

to ensure development of
straight, single, branch-free

lower stems. Kauri, tanekaha
and kahikatea usually form
single stems although large

lower branching will need to
be removed. Hardwoods,
totara and rimu are often
multi-leadered with coarse

branching and will require early
removal of  double leaders and

steep-angle branches.

Canopy closure

Canopy closure unlikely
to occur for 2 or more
decades depending on

species and growth
rates. While no thinning
is necessary at this wide
tree spacing, long term
commitment to pruning

will be required to
ensure branch-free

lower boles.

Prepare site

Pre-plant spot-spraying of
grassed sites with herbicide.
Wide plant spacing is likely

to be most practical on
grassed sites where there are

no major vigorous weed
species such as gorse or

blackberry.
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 2-3 m

 2-3 m

Ideal for most grassed areas recently retired from grazing; a practical
option over relatively large areas. Initial establishment cost is considerably
reduced with lower numbers of  seedlings required and less planting.

Canopy closure Form prune

Plant native trees at
1100-2500 stems/ha
(trees spaced at 2-3m

apart); the lower
stocking is at a similar
density recommended

for Douglas-fir
(Pseudotsuga menziesii)
(Miller and Knowles

1994). The higher
stocking may be

preferable on difficult
weedy sites where some
mortality is expected.

Depending on tree
species planted and

early growth, canopy
closure will take at least
10 years to suppress
ground cover and

before there is an effect
on reducing lower

branch development.

Remove multiple
leaders and large
lower steep-angle

branches from
sapling stage for

crop trees; prune if
desirable.

Plant and control
weeds

Pre-plant spot-spraying
of  grassed sites with

herbicide. More
intensive site

preparation will be
required where

problem woody or
scrambling weeds are
present or expected to

develop.

Prepare site Thin

Selectively thin at least
half  of  the trees
probably starting

within 2 decades of
planting; timing of

thinning depends on
speed of  canopy
closure and may

require more than one
operation to reduce to
500 stems/ha or less.
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Only practical for establishing a small woodlot of  native timber trees on a
small scale due to the cost for the large number of  seedlings required per
hectare. Most trees will require thinning out eventually.

Final stocking

Aim is to eventually
achieve a stocking of

less than 500
stems/ha; the vast
majority of  planted
trees will therefore

be removed by
thinning.

Tree form

Dense planting will
encourage excellent stem
form and small or no

branching on lower part
of  the bole on most
trees, although stem
diameter growth will
slow down over time.

Plant at very high
density >5000

stems/ha (less than 1.5
x 1.5 m). Dense

planting will give quick
canopy cover and

hence weed control.
Canopy closure should
occur in about 5 years.

Plant and control
weeds

Prepare site

Blanket-spray planting
area with herbicide

before planting. More
intensive site

preparation will be
required where

problem woody or
scrambling weeds are
present or expected

to develop.

Thin

Depending on species
planted and growth rate,

stands will require
thinning starting within
1-2 decades to maintain

growth; thinning
operations will need to
be spread over several
operations. Scope to

remove trees with poor
form during thinning.
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Involves planting concurrently a mix of  native timber species
at near final stocking with shrub hardwood species planted
as a filler. This scenario allows planting a higher proportion
of  less-costly faster-growing hardy shrubby species and
fewer tree species planted at near final spacing.

Prepare site

Pre-plant spot-
spraying of  grassed
sites with herbicide

for grass sites;
intensive site

preparation and use
of  brush weed

herbicides will be
required where
vigorous woody
weed species and

blackberry are
present.

Plant

Depending on how quickly
canopy cover is required,

plant 1500 stems/ha or more
of  hardy shrub hardwoods
and at the same time evenly
interplant native trees at a

minimum of  500 stems/ha.
Increase the proportion of
native trees if  mortality is

likely to be high. Total cost
of  planting cheaper shrub

species (@ $2-3) plus timber
species alone (@$3-5) will
be less than dense planting

of  timber species alone.

Canopy closure

Shrub species will
develop larger crowns

faster than timber
species and thus
accelerate canopy

closure. This will reduce
long term weed control

and provide early
shelter to assist

establishment of  timber
species.

Control weeds

Care will be required
to ensure tree species
are not suppressed by

surrounding shrub
hardwoods; cut out
overtopping shrub

species to keep tops of
trees species within a

light well.

Final crop

Eventually timber tree
species will dominate as
they overtop shorter-

lived shrub hardwoods.
Side shelter of  shrub

hardwoods will
encourage good form
of  tree species – tall

single boles with light
or no lower branching,
and thus less silviculture.
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This option is essential for exposed difficult sites where a hardy
pioneer cover of  native shrub hardwood species is required to
protect later establishment of  native timber species.

Prepare site

Pre-plant spot-
spraying of  grassed
sites with herbicide

or brush weed
herbicides where
vigorous woody
weed species and

blackberry
dominate.

Plant

Plant a nurse cover of
hardy pioneer shrub

hardwood native species
at 2-3 m spacing (1000-

2500 stems/ha) to provide
initial shelter; choice of
species should mimic

natural regeneration of
hardy species on difficult

sites locally. Allow
development of  the nurse
crop to provide shelter for
later planting of  timber

tree species.

Canopy closure

An adequate cover of  shrub
hardwoods may take 1-5

years depending on severity
of  the site. Time inter-

planting of  tree species so
that trees benefit from

shelter provided by nurse
crop and can take advantage
of  natural or cut canopy
gaps to encourage height
growth and good form.

Plant trees at a spacing of
3-4 m (600-1000 stems/ha).

Prune and
release

Timely pruning, or if
necessary removal, of
overtopping nurse

canopy is essential to
maintain “light wells”
for developing inter-
planted native trees

that eventually
dominate.

Final crop

Eventually timber tree
species will dominate as
they overtop shorter-

lived shrub hardwoods.
Side shelter of  shrub
hardwoods will have

encouraged good form
of  tree species – tall

single boles with light
or no lower branching,

and thus less
silviculture.
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CONCLUSION

A comparison of  estimated costs per hectare for
establishing native trees at different plant densities shows
that the major contributor is the cost of  nursery-raised
seedlings (Bergin and Gea 2007). Estimated bulk rates
for native tree species most commonly raised in polythene
planter bags can be up to $4 per tree. Establishment
scenarios that favour bulking out the site with a high
proportion of  the faster-growing and generally cheaper
shrub hardwoods are, therefore, likely to be favoured
options. Shrub species will not only provide interplanted
native trees with shelter and improved performance
in early years, but will also assist in faster canopy
closure and reduced commitment to weed control.

A line of 3-year-old native hardwood trees kohekohe inter-
planted 2 years ago within a nurse cover of 8-year-old manuka.
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Technical Article No. 9.1

I     n natural systems the margins
of  streams, rivers, lakes and
wetlands - riparian margins - serve
as an important interface, or buffer,
between terrestrial and aquatic
ecosystems. They are commonly
areas with varied soil and
vegetation types and so can
provide a diverse habitat for
terrestrial and semi-aquatic plants,
birds, amphibians, and insects
(Parkyn 2004). In New Zealand,
riparian margins were often where
the biggest native trees grew
because the soils were more fertile,
water supply was reliable, and
stream margins were often
sheltered from harsh weather
conditions. For these very reasons
river valleys and floodplains were
amongst the first areas cleared for
agriculture.

Riparian Margins
- an Introduction
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RIPARIAN MARGIN FUNCTIONS

Today, the revegetation and fencing of  riparian margins is strongly
advocated as an environmental management tool to help reduce
the impacts of  land use activities on our fresh water resources.
With appropriate restoration and management, riparian areas can
perform many functions (Parkyn 2004).

Biodiversity:
Shade to keep stream water cool in summer, below critical
higher temperatures that can be lethal to indigenous fish and
invertebrates;

Shade to reduce light levels and so restrict the amount of
instream plant growth that can choke unshaded, high nutrient
streams;

Provision of  a constant supply of
leaf  material and woody debris to
streams that provides habitat
diversity and food for invertebrates
and fish;

Riparian margin vegetation provides
important habitat for the terrestrial
adult stages of  several stream insects;

Tree roots, overhanging branches
and woody debris provide important
habitat for a variety of  native fish
species and freshwater crayfish; and

Riparian zones can sustain diverse
plant and animal communities, and
as such can serve as important links
for plant and animal dispersal
between isolated pockets of  native
vegetation.
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Sediment and nutrient management:
The root systems of  trees and shrubs stabilise
streambanks against collapse and erosion;

Grassy vegetation and organic litter reduce the velocity
of  overland water flow (runoff) reducing its erosive
power and causing suspended sediment to settle out
before reaching the waterway;

The prevention of  livestock access to stream beds
reduces stream bank erosion and the direct deposition
of  pathogens, nutrients and organic matter into the
waterway;

Well developed riparian vegetation can slow down the
speed of  flooding and the height of  flood peaks
downstream by slowing down the speed of  water and
providing temporary storage for the flood waters;

Roots of  riparian plants can intercept shallow ground
water and utilise some of  the nutrients before they
reach the waterway; and

Denitrifying bacteria can remove substantial quantities
of  nitrate from emerging groundwater that flows
through well formed and vegetated wetlands, releasing
the nitrogen to the atmosphere as nitrogen gases.

With some thought and careful planning, riparian areas
can also fulfil some useful land management and economic
functions:

Riparian trees can provide good livestock shelter;

Well positioned fences can improve livestock movement;
and

Trees (both native and exotic) can be successfully grown
and managed  in the riparian zone for timber as well
as performing important biological functions.

Fenced and planted riparian margins can also generate
undesirable environmental effects:

Poorly managed riparian areas can become favoured
habitat for weeds; and

The provision of  food and shelter along stream margins
provides an important dispersal corridor and habitat
for animal pests.

While well restored riparian margins can perform many
functions, any initiative or action may not automatically
produce a riparian zone that can perform all of  the
functions listed above, and in some cases management to
improve one function can lead to a decline in others. For
example, in some circumstances planting for biodiversity
can lead, for a period, to an increase in sediment load in
the stream because stream bank sedges and grasses are
shaded out leaving the accumulated sediment vulnerable
to erosion.

RESTORING RIPARIAN MARGINS

Research (Rutherford et al. 2009) has shown that the many
kilometres of  subsidised riparian fencing and planting that
occurred in the Lake Rotorua catchment in the 1980s and
1990s, while significantly reducing sediment and
phosphorous loads in the Ngongotaha River (and therefore
reaching the lake), did not reduce nitrogen levels. In fact,
nitrogen levels have continued to rise. The planting and
management approach to reduce nitrogen contamination
of  waterways is quite different from that for sediment and
phosphorus, especially on porous volcanic soils.

Consequently, where there are one or more important
land management objectives to be met by planting native
trees, shrubs and grasses in the vicinity of  rivers, streams,
wetlands, spring seeps and lakes, careful thought must be
given to the suite of  actions needed to achieve those
objectives. The sections that follow discuss options for
planting and management of  native trees and shrubs for
nutrient, sediment, pathogen, biodiversity and timber
production in riparian areas.

The standardised prescription for riparian management – fencing
and planting in native trees and shrubs – does not always
provide the environmental solutions desired.
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Because of  the meandering nature of  streams and wetland
margins fencing can be expensive to install, especially if
the literal path of  the waterway is followed. In some
situations fencing costs can be reduced by fencing along
more direct routes so that sections of  land between
stream meanders and steep faces on the inside of  a stream
bend are included inside the fence. These larger fenced
off  areas provide ideal opportunities for indigenous forest
species to be established for sustainable timber production
(refer Technical Article No. 9.4 in this Handbook).

Irrespective of  the width of  the riparian margin or the
species of  native tree, shrub or grass planted the riparian
zone should be permanently fenced to exclude all farm
livestock. This is because:

1. Farm livestock, especially cattle, with access to streams
and wetlands are a major cause of  bacterial, nutrient
and sediment contamination of  waterways. They
should be excluded wherever possible.

2. Livestock will cause considerable damage to planted
native trees and shrubs if  given access to them for
even short periods.

3. Rank, ungrazed grass alone can serve as a very effective
filter to contaminants contained in surface runoff.

References:

Ministry for the Environment, 2000: Managing Waterways
on Farms: a guide to sustainable water and riparian management
in rural New Zealand. Ministry for the Environment.

Parkyn, S. 2004: Review of  riparian buffer zone
effectiveness. MAF Technical Paper No: 2004/05.
Prepared for MAF Policy by NIWA.

Parkyn, S.M.; Davies-Colley, R.J.; Halliday, N.J.; Costley,
K.J.; Croker, G.F. 2003: Planted riparian buffer zones
in New Zealand: do they live up to expectations?
Restoration Ecology 11 (4): 436-447

FENCING

The construction of effective, preferably permanent, fencing
around wetlands and along riparian margins prior to planting
is an essential first step.

Many Regional Councils and organisations such as the
Queen Elizabeth II National Trust can provide funding
to assist with the cost of  establishment of  new fencing
around retired riparian margins and areas of  native bush.

Rutherford, K.; Palliser, C.; Wadhwa, S. 2009: Nitrogen
exports from the Lake Rotorua catchment – calibration
of  the ROTAN model. NIWA Client Report HAM
2009-019. Prepared for Environment Bay of  Plenty.
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areas of  human occupation and production (industry
and agriculture). Sediment and nutrients enter
waterways by two routes - by overland flow or through
ground water. These two pathways require different
strategies to control nutrients.

The installation of  stock-proof  fencing and the re-
establishment of  a buffer zone of  riparian vegetation
can effectively filter out many of  the contaminants
generated by agriculture and forestry, especially those
that are carried to the waterways in surface runoff:
sediment; phosphorus; pathogens; and particulate
nitrogen.

Expectations and the effectiveness of  riperian buffer
vegetation have been reviewed (e.g., Parkyn 2004;
Parkyn et al. 2003).

         aterways in areas of  human occupation,
agriculture and industry can generate elevated levels
of  sediment, nutrients (especially phosphorus and
nitrogen) and faecal pathogens compared to waterways
in healthy native forest ecosystems. When accompanied
with the absence of  riparian vegetation along stream
and wetland margins the result is increased levels of
these contaminants reaching our natural waterways.
As a result, most of  New Zealand’s streams are now
undrinkable (because of  high pathogen levels), many
are unsuitable for swimming (pathogens), those beyond
bush margins are often not suitable for many of  our
native fish and invertebrate species (because of  high
summer water temperatures and elevated sediment
and nutrient levels), and a significant percentage are
unsuitable even as a source of  water for livestock.
Restored and well-managed riparian areas can serve
as effective buffers between natural waterways and

W
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Cause and effects
Suspended sediment levels in streams draining pasture
are likely to be between two and five times higher than
in streams draining native forests (Quinn et al. 1997). This
is partly due to the increased volume and velocity of
surface water runoff  that occurs on land that has been
cleared of  forest, but predominantly as a result of  farm
livestock, grazing and soil management practices.

The main sources of  sediment reaching streams are from
slips and slumps (on steeper land), earth exposed by
treading and pugging by livestock, roads and tracks,
cultivation and stream bank erosion. The amount of
sediment generated is likely to be greatest on steep slopes,
saturated soils and erosion-prone soil types; where stocking
rates are high or pasture is over grazed; where livestock
have access to stream margins; where cultivated soil is left
bare for long periods; and where farm tracks and roads
are poorly drained and maintained.

High levels of  sediment in streams reduces the drinkability
of  the water and appeal of  the water for recreation, but
perhaps the greatest impact of  sediment is on aquatic life.
High suspended sediment levels clog the food filtering
mechanisms of  stream invertebrates, cover the preferred
stony bottom habitat of  indigenous plants and animals,
reduce visibility and therefore prey catching ability, and
often carry nutrients such as phosphorus that can further
alter the habitat.

SEDIMENT

Unfenced streams can become heavily contaminated with sediment and phosphorus generated by stock crossings, unstable stream
banks, and surface runoff.

Erosion of unfenced stream banks exacerbated by stock
trampling (above) contribute substantially to the subsequent
increase of sediment loads in waterways (below).
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Best performing species

There are several native sedges and rushes that create
excellent sediment filters when planted en masse. The fine
leafed Carex sedges, including Carex secta and Carex virgata,
and bulrushes (Juncus species) serve as a good “first line
of  defence” when planted at close spacings (0.5 to 1 metre
apart) because of  their dense growth form, their tolerance
of  periods of  soil saturation and their ability to trap and
grow through sizeable deposits of  sediment. These species
can be planted along wetland margins, in ephemeral
drainage channels, in and around springs and seepage
areas and along riparian fence lines. They are also very
effective at stabilising stream banks against erosion especially
in volatile streams that are prone to rapid flooding.

Harakeke or flax (Phormium tenax) and toetoe (Cortaderia
spp.) can also be used on wetland margins and along riparian
fencelines, although they should be kept out of  drainage

channels as their bulk can induce f looding.
Exotic pasture grasses left to grow rank also serve as very
effective sediment filters, especially at the base of  steep
slopes where the gradient levels out. They are not, however,
tolerant of  long periods of  soil saturation. Over time
exotic grass filters need to be maintained to prevent
invasion of  broadleaf  and woody stem weeds which are
less effective as filters.

Riparian trees and shrubs are not as effective as grasses,
sedges and rushes at intercepting and removing sediment
which contains phosphorus. Their stems are too coarse
to trap the fine sediment transported in runoff. The woody
debris and coarse organic matter typically found under
mature native forest does function to filter out sediment
but this material is usually absent from narrow and recently
planted native tree and shrub riparian margins. Some
close-spaced riparian native tree plantings, especially of
small-leaved species such as kanuka (Kunzea ericoides) have
been observed to increase sediment erosion because they
create a dense canopy that prevents any ground cover
plant species from establishing beneath them.

Riparian planting and management to reduce
sediment contamination of  streams

Sediment is carried to waterways by water flowing across
the surface of  the ground. Any management techniques
that can slow down the velocity of  waterflow and filter
out and hold the fine sediment particles carried in the
surface water runoff  will be successful at reducing the
amount of  sediment reaching waterways.

1. Grass/sedge filter strips

Grasses and sedges (native and exotic) are the best plant
types for filtering out sediments. This is because they have
a large volume of  plant matter at ground level and a mass
of  fine roots that are most effective in nutrient uptake so
are better able to intercept surface water flow than a tree
or shrub. The more vegetation in the path of  surface
runoff  the more the speed of  the water is slowed and the
greater the likelihood of  sediment settling out. As well as
trapping the sediment, grasses and sedges will generally
grow over and through the sediment binding it in place.

Filter strip width and location

Where surface runoff  descends down the slopes above
the riparian zone diffusely (ie. not confined to channels
or depressions) grass filter strips need to be established
continuously along the fence line on the landward side of
the riparian zone to be most effective at intercepting
sediment. However, on long slopes runoff  is usually
concentrated in depressions, rills or channels by the time
it reaches the riparian zone. When this is the case grass
filters should be established in the depressions or channels
where they will intercept the greatest amount of  runoff.
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2. Wetlands and seepage areas
Naturally occurring wet areas (permanent and seasonal)
on relatively level ground at the base of  gullies and valleys
and where spring waters emerge are excellent sites to
capture sediment (and nutrients - see below). Even
relatively small wet areas can serve as a significant nutrient
and sediment trap if  restored and maintained.

To reactivate the sediment and nutrient extracting capacity
of  wetlands and swampy areas it is recommended that:

drainage channels should be blocked off  or in-filled
to increase the water holding capacity and water

There is no one optimum filter strip width or length, but
the general rule is “the wider or longer, the better”. The
most effective filter strips are those that are:

permanently fenced;

positioned to intercept the greatest amount of  surface
runoff  flow;

as wide as possible for continuous strips along riparian
margins, or as long as possible for filter vegetation
planted in channels, so that all or most sediment is
filtered out and trapped during normal rainfall events;

densely covered with grass/sedge/rush vegetation to
maximise runoff  interception;

lie on land with a very gentle slope; and

not shaded by trees and shrubs.

The sediment filter strip should be widest at sites that
receive runoff  from steep, saturated, erosion prone, over-
grazed land. On erosion prone sites the filter zone may
have to be well over 10 metres wide to be effective. At
sites where slopes drop steeply straight into stream
channels (such as parts of  the North Island East Coast
area) filter strips cannot be expected to perform as
effectively as on less steep land with streamside riparian
flats. Even on favourable sites with wide filter strips the
effectiveness of  grass filter strips as a barrier for sediment
will decline during periods of  prolonged rain and
accelerated soil erosion. It is a good idea to get out and
observe the effectiveness of  existing grass filters in the
area during such heavy rain to gauge the performance of
strips of  varying widths.

Maintenance of  grass filter strips

Grass and sedge species are not tolerant of  shade and
must be kept in full sun to retain their full vigour. They
should not, therefore, be planted in amongst trees and
shrubs along riparian margins, and over time naturally
establishing tree and shrub species may need to be
removed to maintain sufficient light levels to allow growth
of  ground cover vegetation.

retention time of  the wetland;

permanently wet areas should be permanently fenced
from livestock;

the wet parts of  the wetland can be planted with
bulrushes, native sedges and other native wetland grass,
sedge and rush species to complement any existing
bulrushes (which are tolerant of  grazing) and replace
exotic grasses; and

the wetland margins can be planted with native sedges,
flax and toetoe to create an additional filter strip.

Wetland margin tree species such as cabbage tree (Cordyline
australis), ribbonwood (Plagianthus regius), kahikatea
(Dacrycarpus dacrydioides), swamp maire (Syzygium maire)
and pukatea (Laurelia novae-zealandiae) can be planted
around the wetland margins. However, they will not assist
greatly in the process of  sediment retention and should
be positioned so that they do NOT shade the wetland
grasses, sedges and rushes.

3. Stream banks
Many streams that flow through pastureland have narrower
channels and steeper banks than streams that flow through
native bush. This is because the grasses growing on the
stream banks trap and bind the greater sediment loads
that are transported in surface runoff  and in flood waters
arising from farm land.

If  native trees and shrubs are planted to provide shade
to the stream channel and enhance the habitat for aquatic
life, the grasses growing on the stream banks are likely to
lose vigour and eventually die out. This will release the
sediment held on the stream bank, increasing the amount
of  sediment entering the waterway for a period. Eventually
(over many years or decades) the stream channel will
widen and sediment levels will drop away.  So if  the
management priority for an existing agricultural stream
is to keep in-stream sediment levels to a minimum,
then planting shade trees will need to be avoided.

This restored wetland is becoming dominated by native sedges
(foreground) trapping sediment from surrounding farmland and
the recently fenced riperian strip planted in native woody species
(background).
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The phosphorus contained in the sediment trapped by
filter vegetation provides a ready source of  nutrient to
sustain the filter vegetation.

The impact of  high phosphorus levels in stream water
can be reduced by providing shade over the stream
channel. Reduced light levels will reduce the amount of
weed and algae growth even when phosphorus
concentrations remain high.

NITROGEN

High levels of  dissolved inorganic nitrogen, in the form
of  nitrate in our waterways can lead to profuse nuisance
plant and algal growth, and sustained high levels of
ammonia can be toxic to native fish. Very high nitrate
levels can be toxic to livestock and humans.

Unlike phosphorus most nitrogen is lost from agricultural
land by leaching down through the soil in the form of
nitrate, rather than being transported across the land
surface in runoff. The leached nitrate is carried in solution
by water down until it intercepts groundwater and is then
carried in groundwater until it emerges into streams,
rivers, lakes and in springs. The principal sources of
nitrogen are from nitrogen fertilisers and nitrogen fixation
by clovers, but the excess nitrogen in groundwater derives
almost exclusively from livestock urine patches.

Nitrogen contamination of  streams is likely to be greatest
where:

intensive farming practices are used;

high levels of  nitrogen, well in excess of  plant needs,
are present in the soil;

livestock have free access to streams;

soils are porous; and

rainfall is high or irrigation water is being applied.

PHOSPHORUS

This retired area has been planted in native trees and shrubs
and all of the rank grass sprayed with herbicide. This riparian
zone would function much more effectively as a barrier to
sediment and phosphorus if the grass between the plants was
not sprayed out. The steep stream banks can be expected to
collapse over time because of the lack of stream edge grasses
and sedges to hold the sediment in place.

Riparian planting and management to reduce
phosphorus contamination of  streams

The reduction of  phosphorus contamination of  our
waterways can be achieved by the establishment of  grass,
sedge and rush filter strips and the restoration of  wetlands
and seeps in the same way as for sediment management
(refer previous section).

Cause and effects
The amount of  phosphorus lost (exported) from
grazed pastureland can typically be 10 to 15 times
greater than that lost from native forest systems
(Ministry for the Environment  2000). The amount
of  phosphorus actually reaching our waterways is
closely related to the levels of  sediment
contamination. This is because phosphates most
commonly attach onto clay and other soil particles
and both are transported across the soil surface by
water runoff. Consequently, phosphorus
contamination in waterways is greatest where soil
erosion and surface runoff  are most likely - on
steep, erosion prone and saturated soils.

The principal sources of  elevated phosphorus levels
on farms are from phosphatic fertilisers and dung
from livestock.

While phosphorus does not occur in our waterways
at concentrations that are toxic to humans or
livestock, high phosphorus levels can lead to
excessive algal growth
and nuisance plant growth in streams and lakes.

Cause and effects
The historic use of  clover and the increasing use of
nitrogen fertilisers have enhanced pasture growth
and improved farm productivity over the last 20
years. This increased use of  nitrogen and the resulting
increased production (and excretion of  nitrogen-
rich urine) has greatly increased the amount of
nitrogen that is lost from the system and that
eventually reaches our waterways.  Recent studies in
the Lake Taupo catchment and elsewhere (e.g.,
Ritherford et al. 2009) have shown that dairy pasture
can yield as much as 14 times the amount of  excess
nitrogen compared to native forest (Environment
Court 2008).
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Cattle with direct access to streams are a major source of nitrogen and faecal pathogens in our waterways in addition to increased
sediment loads from trampling over stream banks.

Riparian planting and management to reduce
nitrogen contamination of  streams
Nitrogen contamination of  waterways is considerably
more difficult to reduce than phosphorus because most
nitrogen is immediately leached down into the soil at the
point of  contact. Consequently, much of  the research
effort to reduce nitrogen reaching our streams, rivers and
lakes is being focussed on finding ways of  increasing the
rate of  utilisation of  available nitrogen by plants and
decreasing the propensity of  that nitrogen to be leached.

Conventional planting of  stream margins with trees,
shrubs and grasses has little impact on the amount of
nitrogen reaching waterways. A small percentage of
nitrogen is carried in particulate and soluble form in
surface runoff  and it can be intercepted using grass filter
strips. A small amount of  nitrogen may be absorbed
through the root systems of  riparian trees and shrubs
where groundwater is shallow. However, the majority of
nitrogen contaminated groundwater bypasses stream
margins.

The most effective location for extracting nitrogen from
groundwater using native plants is at springs and seepage
zones at the base of  hills. Spring water is re-emerging
groundwater and every spring and its associated wetland
is an opportunity to extract nitrogen before it flows into
a major river or lake.

The nitrogen leached through soil and transported in
solution by groundwater is largely in the form of  nitrate
(NO3). Nitrate can be converted to gaseous nitrogen
(N2) by a process called denitrification when denitrifying
bacteria, anaerobic conditions and a source of  organic
matter are present. When these conditions are present
in a wetland soil and water retention times exceed
minimum levels, more than 50% of  the nitrate can be
removed by the wetland (Nguyen et al. 1999).

Spring generated wetlands can play an important role even in
our most productive landscapes in the reduction of nitrogen,
phosphorus and sediment loads to our waterways when fenced
from livestock.

Typically wetlands and seepage areas on farms have at
some stage been drained. To increase the capacity for
denitrification, all drainage channels need to be infilled
to increase water retention times and spread the water
out across the full wetland area. Wetlands that have been
grazed will need to be fenced to exclude livestock and
native wetland sedges and rushes planted to increase the
organic matter content and water retention. Denitrifying
bacteria occur naturally in healthy wetlands but require
the existence of  anaerobic conditions (resulting from
pooled water and prolonged water retention) and abundant
wetland vegetation to operate at levels that will remove
significant amounts of  nitrate from the system.

The greater the physical length of  a wetland system the
greater the amount of  nitrate that can be converted to
atmospheric nitrogen. However, even relatively small
wetland areas seem to be capable of  removing at least
some nitrogen, both by plant uptake and nitrification.
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FAECAL PATHOGENS

Cause and effects
Streams draining agricultural catchments can carry
levels of  faecal pathogens (bacteria, viruses and
protozoa) that are over 20 times greater than those
typically found in native forest streams (Smith et
al. 1993). The presence of  faecal pathogens in
waterways provides an obvious and immediate
threat to human health and, when contamination
levels are high, to stock health. Most New Zealand
streams are not suitable for drinking because of
faecal contamination and many are not
recommended for swimming for the same reason.
Campylobacter is the most common source of  food
and waterborne illness in New Zealand (Ministry
for the Environment 2000). Other harmful
organisms that can be found in contaminated
waterways include Salmonella, Giardia, and
Cryptosporidium.

Faecal contamination occurs when faecal material is
deposited directly by farm livestock into unfenced
waterways, where dung is transported to streams in surface

runoff, or where discharges from oxidation ponds flow
into waterways.

Riparian planting and management to reduce
faecal contamination of  streams

Fencing to permanently exclude livestock from waterways
is the single most effective way of  reducing faecal
contamination of  fresh water.

The establishment of  grass filter strips and the restoration
of  sedge/rush wetlands that intercept surface runoff  are
effective methods for reducing the volume of  faecal
material reaching streams in runoff. The grasses work in
the same way as they do for sediment and phosphorus:
they slow the velocity of  surface water runoff  so that the
dung particles are able to settle out (see previous sections
for details). Trapped faecal organisms are killed by
dehydration and exposure to sunlight so the longer the
grass strip can trap them the greater the mortality. To
retain the vigour of  the grasses, sedges and rushes and
to induce maximum mortality of  pathogens, shading
should be avoided.

WHERE DO NATIVE TREES GO?

Having your cake and eating it!

This article stresses the need to maintain a ground
cover of  grass and sedge species along riparian
areas as a filter to reduce sediment and nutrients
into waterways. However, any trees and shrubs

are likely to shade out such filtering ground
cover vegetation.

So do native trees and shrubs have a role in
riparian zones? The answer is yes!

As discussed in Technical Article 9.3 in this
Handbook, trees and shrubs are a vital component
along waterways too!  Most riparian zones will in
fact be sufficiently wide to manage and maintain

a filter strip of  grasses and sedges as well as
accommodate a zone of  trees and shrubs. Designs
and methods for establishing woody species and
maintaining a ground cover zone for filtering are

covered in Technical Article 9.4.
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Technical Article No. 9.3

I  n pre-human times the water of  most of
New Zealand’s streams, rivers, lakes and wetlands
passed through forest for a substantial part of  its
journey to the sea. In lowland areas the riparian zones
alongside streams were typically covered by luxuriant
and diverse forest that extended from the water’s
edge and merged with lowland forest at the edge of
the floodplains.

Most of  our streams had low sediment, nutrient and
pathogen base loads and were heavily (over 90%)
shaded. They generally had stony bottoms and wide
meandering channels. The indigenous plant and animal
life within the streams was specifically adapted to
high shade, low water temperatures, and a diversity
of  organic matter delivered to it by the surrounding
vegetation.

The zones alongside the streams were fertile and
sheltered, and water was readily available. Consequently
a diversity of  tree and shrub life grew in these zones
and growth rates were comparatively fast because of
the favourable conditions. Riparian zones were
favoured habitat and provided dispersal corridors for
native birds, reptiles, amphibians and invertebrates
because of  the diversity of  plant and animal life and
abundance of  food and water.

Today, the picture is very different. Our lowland
forest now consists of  fragments scattered across
the landscape and separated by large tracts of  land
hostile to many native plant and animal species.
Dispersal from patch to patch is difficult for most
species and impossible for many. While some of  our
streams may rise in native bush many pass unshaded
through pastureland to the sea, with the water
temperature reaching well above 20 degrees Celsius
in mid summer. This makes them unsuitable as habitat
for most of  our native fish species and many native
stream invertebrates. Stream bottoms are typically
muddy and the channel narrow, steep-banked and
weed filled.

Despite their modified state, waterways and their
riparian margins can be restored to greater native
form and function. They can once again, become
important habitat and dispersal corridors for aquatic
and terrestrial animals and plants allowing movement
between remnant bush patches, and for migratory
fish to complete their life cycles. A review of
the effectiveness of  riperian buffer zones is
given in Parkyn (2004) and Parkyn et al. (2003).

Riparian Planting for
Aquatic and Terrestrial
Biodiversity

The Past The Present
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RESTORING AQUATIC BIODIVERSITY

Shade
The re-establishment of  effective shade is one of  the
most important steps to restoring healthy habitat for
indigenous aquatic invertebrates and fish. Shade levels
of  70% or better, when created by trees and shrubs, will:

restrict the growth of  aquatic plants and algae even
if  the water contains moderately high nutrient levels;

lower peak summer water temperature to levels that
can be tolerated by sensitive stream invertebrates and
native fish if  the shaded portion of  the stream is long
enough; and

provide an important source of  food and energy
(organic carbon) to aquatic animal life.

A good measure of  how much shade is needed is the
amount required to keep mid-summer water temperatures
to 20° C or lower. This is likely to be sufficient to protect
sensitive invertebrate species such as stoneflies and
mayflies (Collier et al. 1995) and provide more tolerable
conditions for native fish. In narrow headland streams
shade provided by stream banks and overhanging bank
sedges may be sufficient to keep water temperatures low,
but taller shade vegetation is necessary to lower water
temperature in larger streams. Greater reward for effort
and cost will be achieved by cooling upstream reaches
of  streams rather than attempting to cool a warm
downstream reach.

Sediment
Low sediment concentrations in stream water is important
if  habitat suitable for many of  our native fish and
invertebrates is to be created. In catchments prone to
soil erosion very effective grass/sedge filters will need
to be established (refer to Technical Article 9.2 in this
Handbook) and the retention of  streambank grasses and
sedges may be necessary.

With time, species composition along riparian areas will
change especially where increasing shade from overtopping
trees and shrubs occurs. Ground covers of  light-
demanding grasses, sedges and rushes are likely to be
replaced by shade-tolerant species such as ferns.

Shading of  70 % or more is likely to eliminate the sedges
and grasses growing on the  streambanks which in turn
may lead to an increase in sediment generation as the
banks erode. Ultimately the banks will revert to a more
stable shape but if  keeping sediment levels low is a
primary objective for stream restoration then the amount
of  shade created may need to be reduced to around 50%
to sustain sedges and grasses on the stream banks.

Plant species selection
Riparian vegetation is an important  source of  food and
energy for aquatic fish and invertebrates. A variety of
plants of  different species, sizes, and forms and with
different leaf  shapes should be planted alongside streams
to support a diversity of  in-stream fauna.

Included in the variety should be (Ministry for the
Environment (2000):

a mixture of  species with soft leaves, e.g., wineberry
(Aristotelia serrata), tree fuchsia (Fuchsia excorticata),
koromiko (Hebe stricta), mahoe (Melicytus ramiflorus) and
pate (Schefflera digitata), that break down rapidly, and
hard leaves, e.g., titoki (Alectryon excelsus), karamu
(Coprosma robusta), lemonwood (Pittosporum eugenioides),
kohuhu (Pittosporum tenuifolium), five finger (Pseudopanax
arboreus) and kamahi (Weinmannia racemosa), that break
down over longer periods;

a mixture of  species with larger leaves, e.g., wineberry,
karamu, tree ferns, five finger and pate, that will stay
resident in a section of  stream for longer, and small
leaves e.g. koromiko, red matipo (Myrsine australis), and
kohuhu, that are more inclined to be carried
downstream in the current;

a selection of  shorter-lived species, e.g., wineberry,
karamu, koromiko and kohuhu, that are more likely
to supply important and rapid sources of  woody debris
to the streams; and

trees and shrubs with a weeping habit over stream
edges, e.g., toetoe (Cortaderia species), Carex species,
flax (Phormium tenax), kowhai (Sophora spp.), native
brooms (Carmichaelia spp.) and tree ferns, to supply a
variety of  terrestrial insects and other invertebrates
for fish to feed on.

The banded kokopu (Galaxias fasciatus)
is one of several native fish.

Photo: Brenda Baille, Scion
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RESTORING TERRESTRIAL RIPARIAN HABITAT

The edge effect can be reduced to some extent by
establishing a dense buffer of  hardy shrub and small tree
species along the most exposed edges (usually the pasture
edge) of  the riparian zone. A mixture of  hardy, densely
leaved species such as kohuhu, kanuka (Kunzea ericoides),
manuka (Leptospermum scoparium) and karamu can be
planted to form a thick barrier that will reduce the
fluctuations in wind, temperature and humidity. With a
protective buffer established forest interior species such
as rimu (Dacrydium cupressinum), matai (Prumnopitys taxifolia),
pukatea (Laurelia novae-zelandiae) etc. can be planted with
a greater likelihood of  success.

Management options
While the creation of  40 to 100 metre wide riparian zones

The ecological value of  a restored patch of  indigenous
riparian habitat is likely to be enhanced where:

the riparian bush area is continuous and as
wide and long as possible;

the impact of  edge effect is reduced;

the restored patch is close to other
established areas of  bush;

the planting is diverse in terms of  species
composition and plant form; and

weeds and animal pests can be controlled.

Width and length of  riparian planting zone
Natural riparian zones typically extend from the stream edge, across the floodplain
to the base of  the hills, and in steeper catchments part way up the slopes. The productive
value of  stream margins and flood plains from a farming perspective makes the
restoration of  the full riparian zone to native trees and shrubs impractical and
unaffordable. However, the wider the zone restored to natives the greater its value is
likely to be for native terrestrial flora and fauna.

Longer, continuous patches of  bush provide safer habitat and passage for more native
invertebrates (and possibly reptiles too) than do patches separated by non-native
vegetation.

Impact of  edge effects
Research has shown that there are significant differences in microclimate extending
at least 20 metres into an area of  bush from the bush edge compared to forest interior
(Norton 2002). This is termed “edge effect”. Wind speed, temperature and humidity
fluctuate more widely close to the bush edge with the result that the conditions in this
edge environment are unsuitable for the natural establishment and growth of  some
forest interior species. Consequently, unless the restored riparian margin can be made
40 metres wide or more (which in most cases will be impractical) then the impact of
edge will have an effect on the suitability of  the site for plant species more suited to
a forest interior and on the likelihood of  natural regeneration of  these species occurring.

is likely to be completely impractical on most productive
farmland, opportunities do occur where sections along
riparian margins can be made considerably wider than
normal without greatly increasing the cost of  fencing.
Deltas created by meandering stream channels are often
prone to flooding and require regular re-fencing because
of  this. By fencing these deltas into the retired riparian
area larger bush patches can be created and the cost of
fencing and fence maintenance may be reduced (refer
to Technical Article No. 7.2 in this Handbook).

In hill country areas streams often pass around steep
erosion prone faces. These faces are usually less productive
for farming and can often be fenced into the riparian area
without having any great impact on farm productivity.
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Plant species selection
When planting a riparian area to enhance indigenous
biodiversity the species composition and planting layout
should be carefully planned.

Firstly, select those species that are required to perform
specific functions, such as creating a filter strip to extract
sediment, or a thick buffer to minimise edge effect.

Secondly, select a variety of  species to increase the diversity
of  habitat and food for other native plants, invertebrates,
amphibians, reptiles and birds. The species selection
should include:

a percentage of  fast growing species that will fill space
quickly and help exclude exotic weed species, e.g.,
wineberry, karamu and ribbonwood (Plagianthis regius);

species with a variety of  leaf  shapes and growth forms,
e.g., large and small leaved, upright and spreading;

several species that produce flowers, scent and nectar
to attract insects and birds to the area eg. flax, wineberry,
cabbage tree (Cordyline australis), and tree fuchsia;

a selection of  species that produce fruits that attract
birds eg. titoki, pigeonwood (Hedycarya arborea), and
kahikatea (Dacrycarpus dacrydioides), and including those
that produce fruit only a few years after planting, e.g.,
karamu. Birds encouraged to the site to feed will
deposit seed consumed in other patches of  bush thus
promoting natural regeneration; and

taller growing forest canopy trees that will eventually
produce good bird nesting habitat and are tolerant of
the more variable microclimate of  narrow riparian
margins, e.g., totara (Podocarpus totara) and kahikatea.

Weed and pest control
Because of  the favourable growing conditions and diversity
of  plant and animal life that occur along riparian margins
exotic weeds and animal pests can be a significant problem
in newly planted riparian areas if  not well managed.

Time and resources should be allocated to manage fast
growing weeds such as blackberry (Rubins fruticosus agg.)
and gorse (Ulex europaeus) for several years following
planting. In some parts of  New Zealand weed control
(using herbicides or hand cutting) will need to be carried
out two or three times per year for two or three years
after planting to stay on top of  the problem. The exclusion
of  problem weeds can occur more quickly if  the riparian
native plants are planted at reasonably close spacings (i.e.,
1.5 to 2 metres between plants) so that a shrub canopy
is formed quickly, eliminating open spots for weeds to
establish. The planting mix with a good proportion of
fast growing, leafy native plants with a spreading form
(e.g., karamu, wineberry, koromiko) will produce a shrub
canopy faster than the use of  more upright species (such
as kanuka and manuka) alone.

Restored riparian areas can become highways for animal
pests such as possums, stoats and rats. The planted native
trees provide protection and food for the pests and safe
passage to other feeding grounds. Ongoing pest control
must be undertaken if  invertebrate and native bird
populations are to establish and grow in the restored
riparian zones (refer to Technical Article No. 7.2 in this
Handbook).

Author: Roger MacGibbon, Natural Logic
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Technical Article No. 9.4

T
NATIVE TREES FOR TIMBER

        he growth, management and, ultimately, the sustainable harvest of  native trees for timber can be compatible
with riparian zone planting and retirement for conservation and water quality enhancement purposes. Sections
of  the riparian planting zone that are wide including terraces and slopes often provide sheltered, fertile sites
for establishing native timber trees.

Steep regenerating and/or
low productivity slopes above
riparian areas, such as this
one in Hawkes Bay, can be
planted with native for
environmental as well as for
the long term option of
sustainable timber
production.
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Native timber producing species such as totara (Podocarpus
totara), rimu (Dracydium cupressinum), tanekaha (Phyllocladus
trichomanoides), kauri (Agathis australis), rewarewa (Knightia
excelsa) and matai (Prumnopitys taxifolia) all thrived naturally
along riparian margins in pre-human times. Provided
there is plenty of  lateral shelter to induce good form and
faster growth rates there is no reason why these native
timber species cannot be included in mixed native tree
and shrub plantings for riparian areas. Kohekohe
(Dysoxylum spectabile) and puriri (Vitex lucens) can also be
planted in riparian mixes in frost-free parts of  the country.

Selective harvesting of  individual trees following the
principles of  Continuous Cover Forestry (Barton 2008)
should be possible with minimal damage to the stream
and to the riparian margins. Trees can be felled away
from the stream and hauled out of  the riparian zone
onto the adjacent pastureland.

Wider riparian margins can be successfully established in stands of native trees, such as totara, and managed
for timber production.

Figure 1: Fencing off stream deltas can create planting zones
suitable for timber production.

Figure 2: Fencing steep faces into riparian zones can create
good sites for timber production.

Tree species Single-species native timber plantations, without mixed
native trees and shrubs to support them, are probably
less practical along narrow riparian margins, and will
contribute less to aquatic and terrestrial biodiversity values.
However, where stream deltas, terraces or steep faces
occur and are fenced into the retired riparian zone
providing some depth or width to the zone available for
planting then single species plantations would be
appropriate (Figures 1 and 2).

Shrub species

Details on establishment and management of  native trees
for timber is given in Bergin and Gea (2007). This includes
using many of  the native shrubby hardwood species such
as manuka (Leptospermum scoparium) and karamu (Coprosma
robusta) as a nurse for later interplanting of  the timber
trees. These nurse or pioneer shrubs are widely planted
along riparian areas (e.g., Ministry for the Environment
2000).
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DESIGNING RIPARIAN PLANTINGS TO PERFORM MULTIPLE
FUNCTIONS

There is no one native planting prescription for riparian
areas that will fulfil all management and biodiversity
functions in all situations. As has been discussed in
previous sections, streamside fencing and planting is
unlikely to greatly reduce the amount of  nitrogen reaching
the stream - planting and management needs to be directed
at wetlands and springs to reduce nitrogen, and on narrow

riparian strips the need to establish a filter strip to extract
sediment may conflict with a desire to establish effective
aquatic shade. For this reason it is recommended that the
desired functions of  the riparian area are listed and
prioritised before planting, and the species selection and
planting plan are developed to perform the high priority
functions.

Figure 3: Cross-section of a multi-functional planted riparian zone (adapted and modified from Collier et al. 1995).

The lack of  available land and resources means that
establishing the “ultimate” riparian zone is not going to
be possible in all situations. However, even on narrow
riparian margins reasonably effective multi-functional
riparian plantings can be established by positioning
different species mixes where they can be most effective.
This includes:

Concentrate sediment/phosphorus grass filter zones
where runoff  is most effectively intercepted. This
allows the area in between to be planted for aquatic
and terrestrial biodiversity;

Figure 4: Filter strips dominated by grasses and sedges around
springs and depressions will be most effective on these gentle
gradients in intercepting surface run-off.

Keep shade trees away from sections of  stream bank
where bank erosion is most likely to occur (eg. on the
outside of  bends); and

Where springs emerge close to streams, include the
spring in the retired riparian zone and manage the
seepage zone as a grass and sedge-dominant wetland
to the stream (Figure 4).

THE ULTIMATE RIPARIAN ZONE
At most locations, the wider the margin that is available for retirement and planting the more likely the riparian
zone can be designed and established to successfully perform multiple functions. The width of  the “ultimate”

riparian zone will vary from site to site depending on the shape and size of  the stream and surrounding topography
but the design is likely to look something like that illustrated below.
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the option of managing as a future long-term specialty timber supply.
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BACKGROUND

         ne of  the many time bombs in the New Zealand
landscape is the introduced willow.  There are 11
species and 5 hybrids reported in New Zealand (Webb
et al. 1988) out of  around 400 willow species
worldwide, mainly in wet or cool environments of
the northern hemisphere. They range in stature from
lofty and graceful trees to tiny dwarfed mats. They
are famous for containing the valuable pharmaceutical
salicin – which is the natural active ingredient of
aspirin. They have been traditionally used for basket
weaving, ‘wattle and daub’, furniture, medicinal and
cultural purposes – including for cricket bats.

Relative of  poplar
Willows are related to poplars which have many
similar characteristics of  very rapid stem and root
growth, soft light wood, deciduousness, separate male
and female plants, and production of  massive amounts
of  light wind-blown seed. The fine feathery seed-

containing capsules may be produced in such
abundance as to resemble snow (especially with some
of  the poplars). The similar, but unrelated, prolific
wind-blown seed of  the fireweed genus Epilobium,
has led to their alternative name – willow herb.
Seedlings then establish downwind of  a seeding tree
in vast numbers on moist bare soil. Amazingly willows
and poplars can be established with bare poles stuck
in the most inhospitable ground and while they prefer
moist soils they can tolerate extremes of  temperature
and drought.

Miracle plant for riverbanks
The regenerative powers are exceptional. They are
highly valued in some quarters because of  their
prodigious growth and ability to colonise and stabilise
eroding river banks and cuttings. The roots of  willows
rapidly form a dense meshwork in the substrate.
They seem like miracle plants – the best thing since
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sliced bread! Huge numbers were planted as vegetative
clones by Catchment Boards during the post WWII era.
And they are now ubiquitous in the New Zealand cultural
landscape and many people would imagine they have
always been here.

New Zealand has, since its colonial beginnings, had a
preoccupation with introducing every foreign species of
plant and animal into this country that would grow or
live here – to plug the perceived gaps in the natural
environment and provide resources the settlers were
familiar with, were useful and easy to propagate. The
attitude was that the native biota was inferior (compared
to familiar northern hemisphere species), doomed to
extinction and therefore needed to be ‘improved’ on or
bolstered with imports. This phase of  introductions was
extremely successful, and the rest, as they say, is history.
In many cases, such as willows, they were just too
successful. In fact, local authorities have been actively
removing them from clogged streams and rivers to reduce
flooding.

Willow sawfly
But there are supporters and detractors. As an example
of  current ambivalent attitudes to willows it is noted that
the willow sawfly was accidentally introduced to
New Zealand over 10 years ago.  It has been observed
defoliating crack, matsudana, weeping and golden willows
and their hybrids – in other words most of  the tree
willows occurring in New Zealand, but not the sallows
or osiers (Charles et al. 1999). This might have been seen
as a rare happy occurrence of  a natural biological control
of  a pest arriving unassisted. But the response from some
researchers was to seek science money to investigate a
possible biological control for the sawfly – despite
concerns being expressed several years ago that more
caution was required (Harman 2004).

We have about a dozen willow species growing wild
or maintaining themselves in the wild. The good

news is that mercifully only two of  these, and none
of  the poplars, have been introduced or established
as widespread breeding populations. Most are single
sex clones and can only reproduce vegetatively –
that is by twigs falling on the ground and taking

root. Some mixed gender stands have been
experimentally established along the Waimakariri
River, north of  Christchurch, and near Aokautere
by the former National Plant Materials Centre over
20 years ago. Many of  these trial sites have residual

breeding populations.

A time bomb!
The typical trajectory of  pest species in this country

is for arrival to be followed by a long lag period,
while the species becomes genetically acclimatised
or builds up a critical mass of  individuals or the

environment becomes more suitable, then sudden
rapid expansion. In the case of  willows, most of  the
species in this country are hybridising even if  they
exist as ‘pure’ species only as single sex clones. So

the potential is there for an explosion of  these
aggressive plants, perhaps assisted by hybrid vigour,
following the trend set by the highly invasive grey

willow.

The most common species
The most common willow species in New Zealand
are male crack willow (Salix fragilis), fertile grey willow
(Salix cinerea), female weeping willow (Salix babylonica)

and predominantly male pussy willow (Salix
Xreichardtii) – a hybrid, where the male catkins are
especially soft, golden and fluffy, grown primarily

for amenity. Female golden willow (female Salix alba
var. vitellina) and tortured willow (Salix matsudana)
are more localised, as is the osier (Salix viminalis)

which is popular for basket weaving. This last species,
and grey willow, share the sinister property in New
Zealand of  being fertile and threaten many open

habitats with plagues of  seed.

Even in Europe willows are often managed with
cattle or traditionally by regular cutting for wattles
or weaving materials. Otherwise wetland reeds and
other herbaceous species become shaded out. Crack
willow is essentially a species of  river banks with
mineral soil substrate as is weeping willow. Grey

willow or sallow and osier are in contrast preferentially
associated with peat or fen soils (moderately low

fertility).The willow sawfly accidentally introduced to
New Zealand a decade ago illustrated the ambivalent
attitude to willows - supporters and detractors!

WILLOW SPECIES AND
THEIR CHARACTERISTICS
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VALUE OF WILLOWS

The willow is in some respects the ideal pioneering,
nursery plant for native regeneration. It has sufficiently
dense canopy foliage in summer to shade out exotic
competing grasses, while in autumn through early spring
the deciduous habit permits the evergreen native species
to ‘make hay while the sun shines’. In fact many native
trees and shrubs have a double flush of  growth at the
margins of  summer. The willow branches and twigs in

Regenerating five-finger, tree ferns, mahoe, kiokio, and various
weeds such as ivy and blackberry, under crack and grey
willow beside the outlet of Lake Rotorua.

Regenerating mahoe, five-finger, coprosma, totara and
kahikatea under grey willow near Ahuriri Lagoon, Canterbury,
approximately 3 km from the nearest natural seed sources.

In willow-dominated riparian areas there can be a wide
range of native and exotic species provided there is a
local seed source.

their winter state, additionally provide some shelter from
frost; an ideal arrangement.

Landscape scale native forest dynamics, within the context
of  willows as receptive establishment sites, has been
described by Meurk and Hall (2006). The nearest nursery
equivalents in the native flora, capable of  growing to small
tree size in similar fen soils, are manuka (Leptospermum
scoparium), cabbage trees (Cordyline australis), karamu
(Coprosma robusta), mikimiki (Coprosma propinqua) and swamp
maire (Syzygium maire). Willows occupy thousands of
hectares of  floodplain and riparian land in New Zealand
and as such are potentially rich kahikatea-pukatea/pokaka
forests.

Habitat for fauna

Apart from the utilitarian values of  willows they also
provide habitat for birds, fish, and insects. The fresh
young spring shoots are enjoyed by kereru (wood pigeon).
Willows can provide a nursery for regenerating native
(and exotic) forest species, especially those dispersed by
kereru or other fruit eating bush birds that may also be
attracted by and glean insects from willow forests.
However, the observation of  matai (Prumnopitys taxifolia),
with its large fruits only known to be dispersed by kereru
in New Zealand, under a grey willow stand near
Motukarara, near Banks Peninsula, along with totara and
many other native berry-fruited trees and shrubs, indicates
that it is these birds with their large gapes that are indeed
visiting these places to feed on the spring foliage, and are
incidentally spreading the seed . Similarly, a recently visited
Lake Rotoiti (North Island) riparian willow woodland
supports a wide range of  native plants, but fewer
podocarps, probably a factor of  proximity to seed sources.

Willows as a nurse for natives
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From a policy perspective, the urgent need is to firstly
restrict and perhaps ultimately eradicate fertile species
and those represented by female clones. The
complementary need is to look at indigenous or non-
invasive species that can perform the same useful functions
that willows do. It needs to be accepted that flashy, fast
growth is a two-edged sword when it comes to exotic
species.

Apart from biological control, such as by the willow
sawfly or rusts, there are various other interventions
possible to control willows (see www.weedbuster.co.nz).

Urgent action on policy
Like many weed problems, the longer they are left the
harder and more expensive it will be to eradicate let alone
control them -

‘one year’s seeding, seven years’ weeding’.
Eventually, it will be beyond the physical and economic
capabilities of  governments and communities to deal
with it. The case of  the sawfly referred to above highlights
the need for dialogue amongst the various stakeholders
so that benefits, threats and appropriate courses of  action
are agreed on by all parties. The currently conflicting
agendas are both a waste of  money and potentially
damaging to the environment and biodiversity. So there
are policy and management issues to be addressed
to ensure everyone is pulling in the same direction.

WHAT CAN WE DO ABOUT IT?

SEX PROBLEMS
Crack willow does alter the hydrology of  waterways,
which is at least limited to the downstream spread of
twigs along riverbeds and banks. But the real concern is
with the few fertile species and the potential of  others
to form fertile populations. All the tree and shrub species
of  willow hybridise amongst their own group and there
are male and female clones in the wild for each group.
Once a breeding population of  any of  the willows (or
poplars for that matter) is established, transformation of
the New Zealand landscape would be total. It would be
faster, and less controllable, than the present nightmare
of  wilding conifers in the high country. Grey willow is
already showing this potential with major and increasing
infestations of  wetlands around New Zealand.

Ground-based control
Cut, paint and extract
Where there are relatively small infestations of  willow it
is feasible to use a work gang to go through and physically

A practical method for removal of willows to allow planting of
natives is cutting trees down and painting stumps with a
concentrated solution of glyphosate and diesel.

Typical riparian area dominated by crack and grey willow coming into leaf in early spring, Lake Rotorua.

remove plants. Care must be taken to remove all twigs,
branches and logs. The operation is likely to have to be
repeated on an annual basis for many years. In any event,
cut stumps will need to be painted with herbicide to
prevent resprouting. The formula used at Lake Kaituna,
Waikato was 4 parts diesel and 1 part glusomate (Bodmin
2010). It is best to apply this to fresh cuts in mid-summer,
after the active Spring rise of  sap has subsided, as new
photosynthate is beginning to be translocated back to the
roots, but before foliage has started to colour.  For spraying
stumps add a few drops of  vegetable dye to avoid missing
stems that will resprout. This or other eco-dyes are safer
than some of  the older varieties. It can be applied using
a 'pump pot'."
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Drill and inject
This is probably the best method for moderate infestations
- to drill every 10 cm around the tree trunk (with a 1 cm
bit down to 10 cm), 30 cm above ground level, and then
dribbling or injecting the herbicide (same mix as above)
to fill the holes. When drilling large trees, use quite shallow,
downwardly-angled holes - enough to hold the herbicide
mixture - since it only needs to penetrate into the outer
tissues that translocate foods from the  shoot to root.
The beauty of  this approach is that one can be selective
and progressive and one is not bothered by disposing of
cut trunks and zillions of  little twigs that will all sprout.
Leave the tree standing and it will gradually disintegrate
and rot away. It gets lighter as it dries out so little damage
is done to anything caught under falling limbs. This is
fine if  the public are not going to be walking around
underneath these disintegrating trees. If  they are on public
paths then cutting the heavy wood out and painting the
stumps will be necessary; although trees could be cut
down a year after they have been drilled and poisoned.

Restoration of a wetland site underway where native shrub
hardwoods are being planted after willows have been cut down
and stumps swabbed with herbicide.

A sexist solution
A variation on the above theme is to select for sex. Sudden
exposure of  the ground layer to light by total removal of
willows or other shrub weeds can be counter-productive
if  the willows are replaced by an even denser layer of
exotic shrubs, blackberry, grasses or ferns. In the case of
the sexually fertile willow populations, a good solution is
to identify and mark the female trees in early spring – they
have green chunky catkins rather than fuzzy yellow male
catkins (see photos page 6). Try the drilling and injecting
method to selectively remove the females. One of  the
problems here is that when the sap is rising – through
spring and early summer – it can force the herbicide away
rather than ‘sucking’ it in and down to the roots.  Hence,
mid-to late summer is often regarded as optimum time
for this treatment. This means that those female trees will
have shed another year’s seed all over the countryside –
what did we say about one year’s seeding?

By progressively eliminating the seeding trees you are left
with a canopy of  benign, even beneficial, male willows
that will shelter an array of  regenerating native ferns,
sedges, shrubs and even tall forest species. There may still
be an ongoing need for ground-based control of
understorey weeds such as the blackberry (Rubus fruiticosus
agg.), royal fern (Osmunda regalis), and willow seedlings.

Female trees of grey willow have been identified in spring when
flowering and progressively removed from this wetland to allow
natural regeneration and planting of natives.

Further herbicide trials
Trials are continuing to evaluate different herbicide
formulations for killing willows as well as developing
more efficient and cost-effective methods of
application. For example, current trials are indicating
that using diesel as a penetrant seems to give good
results almost any time of  year - winter, spring or
summer. Another approach is to use a 1:1 mix of
diesel and glyphosate sprayed directly onto the
bark of  the lower trunk. This is being successfully
trialled in Canterbury where the diesel appears to
be assisting the herbicide penetrate through the
bark carrying the herbicide to the phloem.
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Male and female
(inset) catkins of
willow.

Aerial Spraying
On a large industrial, big-budget scale that seeks dramatic
results, helicopter spraying with glyphosate may be the
ticket. At Lake Kaituna in the Waikato, on sites too wet
for ground-based operations, this was carried out using
9L RoundupTM, 500 ml Pulse penetrant and 1L Delfoam
anti-drift agent in 200L water (Bodmin 2010). Results
from the Whangamarino Wetlands in the Waikato have
been only partially successful in that resprouting and
seeding has occurred and some native understorey species
were affected by spray drift penetrating the canopy.
Effectiveness depends on the density of  the canopy at
time of  spraying.

Follow-up ground-based operations are always necessary.
As mentioned, total removal of  canopy can have unforeseen
effects – such as explosions of  hitherto suppressed weeds
in the sudden influx of  light down to ground level. The
most prevalent are blackberry, exotic grasses such as
Yorkshire fog (Holcus lanatus) and tall fescue (Schedonorus
phoenix), exotic rushes and sedges, lotus (Lotus pedunculatus),
beggars tick (Bidens frondosa), gorse (Ulex europaeus) and
royal fern.

Aerial techniques should only be used after careful survey
of  potential by-kill and exotic weeds that may be lurking
in the wings waiting for the opportunity to pounce. If  the
canopy is continuous, and there are only exotic species in
both the canopy and subcanopy, then it is perhaps a good
option. However, there must be a succession plan – what
will follow; are there seed sources of  desirable species
within dispersal range; are their weed sources similarly
placed; is there an ambitious, ecologically-informed and
well-resourced planting plan? Don’t bite off  more than
you can chew; on the other hand don’t let small problems
escalate. In most cases, years of  careful monitoring and
follow-up, including eliminating sources in the wider
landscape, will be required to achieve full eradication.

Scattered willows (foreground) cut and removed from a dense
cover of native wetland rushes, sedges, manuka and miki miki
species, Travis Wetland, Christchurch.

In the case of  Travis Wetland Nature Heritage Park,
Christchurch, this technique of  removing female trees
has been applied for a decade on several hectares of  grey
willow growing on fen peat. Female willows continue to
pop up but the source is drying up and there are relatively
few new seedlings establishing out in the open sedgelands.
For years sprayers had to work line-abreast across about
50 ha of  open wetland at least once a year to pick up the
new young willow plants (together with a handful of
other weeds).

On peat, it is important to remember that there are no
equivalents in the New Zealand indigenous flora to grey
willow. The only native trees that will work their way up
to maybe just below the willow canopy are cabbage tree,
karamu, and in the open, manuka and perhaps in the
north swamp maire. Our other taller swamp forest species
such as kahikatea, matai, pokaka, and pukatea require
firmer, gleyed mineral soil which periodically has some
aeration or at least eutrophic water movement. These
podocarp and other noble native trees are therefore more
likely to establish and grow beneath crack rather than
grey willow stands. They do not thrive on peat. Other
native hardwoods such as mahoe, five-finger and
lancewood, can grow up on the root plates of  willows,
but once the
willows are gone
then these
colonisers
also lose their
dry footing.

Note: Use of chemical sprays is hazardous and
only suitably qualified operators with appropriate
protective clothing and masks should handle or
apply herbicide.

The information on selection, rates and use of
herbicides in this article, is based on information
reviewed from a range of sources, but must be
assessed on a case by case basis and/or specific
technical advice sought. It is recommended that
users of herbicides follow manufacturers
instructions at all times.

Accordingly, Tane’s Tree Trust will not be liable
on any ground for any loss, claim, liability or
expense arising from or due to any errors,
omissions or advice provided within this article or
from the use of herbicides or consequences arising
from the use of herbicides.

WARNING / DISCLAIMER
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A restored riparian area once dominated by exotic trees
including willows 20 years after planting a range of native trees
and shrubs including kahikatea, matai, pokaka, harakeke,
ribbonwood and ti kouka (cabbage tree).

Succession – Going with the Flow
Vegetation is changing and regeneration of  native species
within willow stands can occur, provided there is a seed
source within about 3 km (the common flight distance
of  kereru and other fruit-eating native birds) and browsing
mammals have been removed. If  there are no seed sources
then succession can be accelerated by planting appropriate
native species and provenances under the willow canopies.
Periodic thinning of  the willow canopy as compatible
with strengthening of  the plantings and keeping weeds
suppressed. One has to take account of  the points made
above regarding the kinds of  species suitable for planting
on different (peat or mineral) soil types.

One of  the main ecosystem services provided by willows
is stabilisation of  bank and hill erosion. Another is wetland
wastewater treatment. These valid attributes are used to
argue for retention and efforts to breed better and
potentially even more aggressive and invasive willows,
and for biocontrol agents to attack the biocontrol agent
that arrived here apparently unannounced – the willow
sawfly.  Pragmatically, we need to look at (ideally)
indigenous (or at least benign exotic) systems that will
perform some of  the same services. We cannot pretend
there is any indigenous system that will out-perform or
match willows. They are truly remarkable plants – but
then that is to be expected – they are the pick of  the
most vigorous trees from the entire temperate world.

(Cyperus ustulatus), tall rushes (Juncus edgariae, J. sarophorus),
purei (Carex geminata), raupo and the woody plants of
mikimiki (Coprosma propinqua), manuka (Leptospermum
scoparium), ti kouka/cabbage tree, manatu/lowland
ribbonwood (Plagianthus regius), kohuhu (Pittosporum
tenuifolium), and lacebark (Hoheria spp.). These have
complementary roots systems – surface, fibrous or tap
roots; and they all grow relatively fast (Marden et al.
2005);

For wetland treatments use Eleocharis sphacelata
(Bamboo spike-sedge), Schoenoplectus tabernaemontani (lake
clubrush), raupo (all three are aquatic), pukio (Carex
secta), tall rushes, umbrella sedge and harakeke (suitable
in saturated ground); and

For seepy, eroding hill slopes and floodplains,
toetoe, harakeke, cabbage tree, lacebark, manuka,
ribbonwood, and kohuhu (together with sterile clones
of  willow and poplar) will provide some initial stability,
with kahikatea, matai, pokaka or pukatea inter-
planted once the nursery species are established.

The range of  associated species will vary across the country
- there are numerous regional guides published by local
government, Crown Research Institutes and the
Department of  Conservation. A demonstration trial,
evaluating progressive control of  willow and other weeds
with under-planting of  presently absent podocarps, is
being conducted by the Pukahukiwi Kaokaoroa 3B6 Trust,
Scion and Manaaki Whenua Landcare Research in a willow-
infested floodplain adjacent to the Ohau Channel along
the northern edge of  Lake Rotoiti. This will be reported
on in the future.

Main plant selection
There are some options:

For riparian erosion use mixes of  harakeke/NZ flax
(Phormium tenax), toetoe (Cortaderia), umbrella sedge
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gymnosperms, dicotyledons. Botany Division, DSIR,
Christchurch, New Zealand.

Eradicate all breeding/fertile populations of  willow from former trial sites.
Re-evaluate all the merits and demerits of  willows in terms of  their ecosystem services (with a wider cross-
section of  stakeholders and expertise) – and explore alternative, safer, more biodiverse and biosecure ways
of  achieving the same ends – even if  a little slower! It may be that there are safe willows, poplars and alders
that can be mixed with the faster-growing native species for initial erosion control with a view to thinning
them out at a later date.
Apply the appropriate approach for eliminating willow according to local conditions, substrates, native and
weed species, scale, goals and resources.
Survey existing values and threats (by a suitably qualified person) before embarking on a control programme.
This may affect the techniques that are employed – to avoid loss of  important native species or stimulating
the performance of  undesirable, invasive pest plants.
Try to avoid clear-felling techniques as this is often very disruptive or induces new rounds of  weed invasion.
 Weeds love disturbance and light!
Before rushing into trying to get rid of  willow sawfly and breeding poplars and willows for resistance to this
insect and rusts, consider how lucky we are that these agents are here and that they are quite host-specific to
exotic, expendable or noxious species. Really, there shouldn’t be any work carried out on making more vigorous
and resistant cultivars of  willow and poplar until all fertile populations and species are eliminated. The danger
to our natural environments and landscapes from the development of  super willows or poplars is too great
to risk.
Rethink willow as a transition to floodplain/riparian native habitat that will be dominated by erosion -
controlling edge species (reeds, raupo, harakeke, ti kouka) and tall forests of  podocarps, and other hardwoods.
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Technical Article No. 10.1

C

Nationwide  Survey  of
Planted  Native Trees

INTRODUCTION

A 65-year-old kauri plantation, Glenbervie Forest, Northland.

A survey covering some of  the native tree plantations
was undertaken by the Forest Research Institute
(FRI) in the mid-1980s (Pardy et al. 1992). Nearly
30 years on, Tãne’s Tree Trust (TTT) has completed
a new nationwide survey of  significant plantings
including re-measurement of  some of  those covered
by the earlier FRI survey. The project was jointly
funded by the Ministry of  Agriculture and Forestry’s
Sustainable Farming Fund and TTT with
complementary funding from Scion as part of  the
Future Forests Research (FFR) Diversified Species
Programme.

        ontrary to popular belief, large numbers of
native tree and shrubs have been planted throughout
New Zealand for well over a century. The Lands and
Survey Department began planting native tree species
prior to 1900 with hundreds of thousands of seedlings
raised in nurseries and planted out. Planting of  native
trees was continued with various levels of  intensity
by the New Zealand Forest Service up to the early
1980s.

The last decade has seen a resurgence of  interest in
ecological restoration and the planting of  native trees.
This includes shrub species and a number of  major
timber tree species. A conservative estimate is that
at least 10 million native plants, both trees and shrubs,
are currently planted in New Zealand per year (Bergin
and Gea 2007).
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Purpose of  survey

The survey involved both the re-measurement of  plots
from key plantations included in the earlier survey, and
the location and measurement of  additional suitable
plantations of  native trees. The survey also included a
selection of  revegetation sites planted with native shrub
species. The aim was to obtain growth data and stand
management information for developing and refining
growth and carbon models for native trees and shrubs.

Location and assessment of  stands

To locate suitable plantations, a questionnaire was
circulated to forestry and farming networks nationwide,
requesting information on the location and history of
significant plantings of  natives and requesting access for
measurement. Based on this questionnaire, promising
stands were then inspected and measured if  found suitable.
The more important stands from the earlier survey were
also visited and re-measured.

In larger stands of  planted trees, Permanent Sample Plots
(PSPs) were established within representative areas of
known age and management history. PSPs were established
following the methods of  Ellis and Hayes (1997) using
circular or square plots of  up to 400 m2 in area. From
1-6 plots were established at each site depending on the
range of  species and ages and extent of  the stand. In
smaller stands of  trees and where areas were planted
with shrubs or small trees, non-bounded inventory growth
plots were used.

Age of  stands since planting was determined from stand
records and landowners. Stand stocking was calculated
based on the number of  trees within bounded plots or
estimated in inventory plots using a sample of  intra-tree
distances.

DBH (diameter at breast height - measured 1.4 m above
ground level) was measured for tree species and heights
measured for a sample of trees using a Vertex Hypsometer.
Due to multiple leaders and heavy branching from near
ground level, root collar diameter (RCD - diameter
measured 10 cm above ground level) measurements were
usually taken for shrub and small tree species. However,
DBH was measured in some older stands of  small tree
species.

For the PSPs, diameters of  all stems within plots were
measured. For inventory plots used in most mixed species
plantings of  shrubs and small trees, diameters were

measured for a representative sample of  up to 30 plants
of  each of  the major species. Height was measured for
all trees and shrubs in young stands sampled for diameters,
and for a representative sample of  individuals in older
and taller stands.

Site factors and stand management

Characteristics of  each site including location, elevation,
topography, soil type and climate, status of  understorey
vegetation, and presence of  browsing animals known to
significantly influence performance of  the stand were
recorded. The history of  site and stand management was
collated from owners and managers, including original
objectives for planting, site preparation, weed and pest
animal control, and any silviculture undertaken.

Rimu planted 48 years ago, Holts Forest Trust, Hawkes Bay.

Tãne’s Tree Trust Indigenous
Plantation Database

Data from the new survey was combined with
data from both the earlier plantation survey to
form a comprehensive native tree and shrub

database known as the Tãne’s Tree Trust
Indigenous Plantation Database (refer side panel

on page 7 for details).

TÃNE’S TREE TRUST SURVEY
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Location of  stands

Figure 1: Location of planted stands of native trees and shrubs assessed
nationwide by Tãne’s Tree Trust.

A Vertex Hypsometer is used to accurately establish Permanent Sample Plots
and to measure tree heights.

SURVEY FINDINGS

Over 120 planted stands of  native trees and
shrubs were inspected nationwide and assessed
for growth (Figure 1). Although predominantly
in the North Island, stands were located in
nearly all regions of  New Zealand. They
ranged from lowland coastal sites to inland
sites over 500 m above sea level. While most
tree plantations were single species, virtually
all shrub and small tree plantings comprised
a mixture of  species.

Almost 10,000 planted trees and shrubs were
measured during the survey with an age range
of  3-110 years. Most stands assessed were less
than 50 years of  age. Stand density averaged
1900 stems/ha for trees and 3500 stems/ha
for shrubs and small trees reflecting the high
proportion of  relatively young plantations in
the survey.
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Reasons for planting

As found in the earlier survey (Pardy et al. 1992), objectives
for planting natives were often for amenity and aesthetic
reasons. There has also been increased interest in
establishing and managing native timber trees as a long-
term resource for wood production, especially for conifers
and beeches. Very few plantations had been pruned or
thinned, with the most common treatment a low pruning
for improved access.

Shrub hardwood species were planted primarily along
riparian areas and on steep hill country recently retired
from grazing aimed at improving land use and water
quality in pastoral landscapes. While many owners
recognised the need to provide a nurse of  hardy shrub
hardwoods for later planting of  native trees, there were
few instances of  this next step having been undertaken.

Species planted

Over 60 different native tree and shrub species were
encountered during the survey. Species were classified into
one of  four species groups – conifer trees; beeches; other
hardwood trees; and shrubs and small trees. Of  the more
than 10,000 trees and shrubs assessed during the survey,
6600 were conifers, 800 beeches, 900 other hardwood
trees, and 2200 shrubs and small trees.

Trees – The 16 most commonly encountered native tree
species are summarised in Table 1. The major conifers
planted are totara, rimu, kauri and kahikatea, and of  the
beeches, red beech and black beech were most common.
Of  the remaining hardwood trees, there are relatively high
numbers of  puriri followed by karaka on a limited number
of  sites (Table 1). Mean stand ages across all plots for the
trees species ranged from under 30 years to over 50 years,
with a maximum age of  over 100 years for some species.

Botanical name

Agathis australis

Dacrydium cupressinum

Dacrycarpus dacrydioides

Libocedrus plumosa

Phyllocladus trichomanoides

Podocarpus totara

Prumnopitys ferruginea

Prumnopitys taxifolia

Nothofagus fusca

Nothofagus menziesii

Nothofagus solandri

Beilschmiedia tarairi

Corynocarpus laevigatus

Dysoxylum spectabile

Knightia excelsa

Vitex lucens

Age (years)No. trees measured
for each parameter

Kauri
Rimu
Kahikatea
Kawaka
Tanekaha
Totara
Miro
Matai
Red beech
Silver beech
Black beech
Taraire
Karaka
Kohekohe
Rewarewa
Puriri

Species
name

Species
group

Conifers

Beeches

Other
hardwoods

No.
plots

112
46
44
12
18
111
11
15
33
13
24
6

14
8

16
38

Mean

Table 1: Summary of the more common native tree species in Tãne’s Tree Trust Indigenous Plantation Database. Listed are the
number of plots established and the number of trees measured for height and DBH. Mean age and age range is given for each

species. Stands aged less than 5 years are excluded from this summary.

24
38
29
24
32
43
29
29
38
29
42
45
45
50
29
43

Height
2200
440
463
34
76

1248
25
38

263
62

138
35
82
45
76

207

DBH
1594
530
664
51
61

2031
33
16

499
22

266
29
89
6

33
426

Min
1
5
6
9
1
0
1
1
11
10
11
1
11
1
1
8

Max
84
84
84
50
69

106
55
55
110
82
110
84
84
84
84
113
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Table 2: Summary of the most common native shrub and small tree species in Tãne’s Tree Trust Indigenous Plantation Database.
Listed are the number of plots established and the number of trees per species for each of the assessment parameters height, RCD

and DBH. Mean age and age range is given for each species. Stands aged less than 5 years are excluded from this summary.

Mixed native hardwood shrubs planted in Victoria Park,
Port Hills, Christchurch.

Native shrub hardwood planting on steep hillside, Rotorua.

Botanical name

Aristotelia serrata

Coprosma robusta

Cordyline australis

Dodonea viscosa

Griselinia littoralis

Hoheria sexstylosa

Kunzea ericoides

Leptospermum scoparium

Melicytus ramiflorus

Myrsine australis

Olearia paniculata

Pittosporum colensoi

Pittosporum eugenioides

Pittosporum tenuifolium

Plagianthus regius

Pseudopanax arboreus

Age (years)No. trees measured for
each parameter

Species
name

Makomako

Karamu

Ti kouka

Akeake

Broadleaf

Houhere

Kanuka

Manuka

Mahoe

Mapou, red matipo

Akiraho

Rautawhiri

Tarata, lemonwood

Kohuhu

Manatu

Whauwhaupaku

No.
plots

11

15

26

9

14

14

23

12

14

6

6

6

27

28

5

11

Height

56

103

217

49

84

81

250

132

51

17

38

36

213

313

46

107

RCD

41

91

49

38

73

39

208

113

42

15

40

34

161

237

34

43

DBH

7

7

194

9

2

20

17

2

3

2

0

6

18

7

5

43

14

12

17

22

17

14

15

12

17

21

14

12

18

16

12

20

Mean

9

6

6

11

9

6

5

5

6

9

14

6

6

6

9

6

Min

36

20

50

55

36

29

36

23

69

60

14

24

59

59

24

46

Max

Shrub and small trees – Plant numbers and age of  sixteen
of  the most commonly planted native shrub and small tree
species established in revegetation programmes assessed in
the survey are shown in Table 2. These include karamu,
ti kouka, manuka, kanuka, houhere, kohuhu, tarata, manatu
and whauwhaupaku.  Mean age  for  stands  of  shrubs and
small trees in the survey was less than 20 years.
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Planted grove of kahikatea 30-years-old,
Upper Hutt, Wellington

Most planted native tree stands assessed during the survey were less than 50 years old and planted native
shrub species less than 20 years old.

Planted beech stand, 16-years-old,
Gore, Southland.

Native shrub species planted 6 years ago,
Piopio, King Country.

As a group, hardwood trees other than beech show similar
or better height growth compared with conifers to age 50
years, after which they begin to fall behind. Many hardwood
trees species have relatively low heights of  around 20-25 m
at maturity.

Shrub and small tree species have good height growth in
early years, but slow considerably beyond age 30. Many of
these shrub species are early successional species that in

Figure 2: Height/age modelled for the four species groups of planted native
trees and shrubs assessed during the Tãne’s Tree Trust plantation survey.

Growth performance of  planted
trees and shrubs

Height/age curves are presented in Figure 2
for the four species groups (beeches, conifer
trees, hardwood trees other than beech, shrubs
and small trees). Although there is considerable
variation within each species group, it is clear
that in general, beeches (predominantly red
beech and black beech), show the fastest height
growth followed by conifers.

While most of  the major conifer species are
known to have tree heights at maturity similar
to or greater than beeches, Figure 2 indicates
their growth rates are slower on average than

natural stands would eventually be out-competed by
taller growing hardwood and conifer tree species.
Variability between individual stands across all species is
substantial due to the wide range of  site and climatic
factors that occur between stand locations, as well as
differences in stand characteristics, particularly stocking.

More detailed species-specific models of  height, diameter
and volume growth, as well as carbon sequestration have
been developed from the survey of  planted native trees
and shrubs and are provided in Section 10 of  this
handbook. These are conifers (Technical Article No. 10.2),
native hardwood trees (No. 10.3), native shrubs (No. 10.4),
and carbon sequestration by native trees and shrubs
(No. 10.5).

the major beech species. Furthermore, Figure 2 only include
the four most commonly planted species (kauri, totara, rimu
and kahikatea), and exclude the much slower growing matai
and miro.
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Tãne’s Tree Trust
Indigenous Forestry
Plantation Database

With only a handful of  exceptions, the existance
and locations of  native tree plantings is poorly
documented, and their growth performance is
unknown. Information representing tens of
millions of  dollars worth of  planting effort is
therefore effectively lost or inaccessible to those
interested in planting and managing native trees.

Tãne’s Tree Trust has developed a nationwide
register of  significant plantings of  native trees,
both historical and recently established. This
Indigenous Plantation Database will provide
current and future generations with information
about species choice and matching to appropriate
sites, site preparation, establishment practice,
monitoring, maintenance, stand management,
and summaries of  growth performance. An
interactive web-based system will allow
landowners to access this information at both
a regional and nationwide level.

Growth data from the Tãne’s Tree Trust native
plantation survey has been included within the
database and will be updated as further stands
of  native trees are planted and established
plantations are found.

The project has been jointly funded by Forest
Industries Development Agenda (FIDA) and
Tãne’s Tree Trust in collaboration with Scion
and Future Forests Research’s Diverse Species
Programme. The Database complements the
Permanent Sample Plot System at Scion.

The Indigenous Forestry Plantation Database
is available via the Tãne’s Tree Trust website
www.tanestrees.org.nz.

CHALLENGES IN DEVELOPING
GROWTH AND CARBON MODELS
FOR PLANTED NATIVES

While a substantial database on growth of  native trees
and shrubs has been gathered during this survey and in
previous assessments of  native plantations, most stands
of  native trees and shrubs are small and comprise trees
established in groves sometimes at wide and variable
spacing, or in shelterbelts on farms or as avenues of  trees
in urban parks. In addition, some stands of  the major
native timber trees are a mixture of  two or more species
or have been inter-planted within a nurse crop of  planted
or naturally regenerating shrubland. Native trees have
occasionally been planted within or in close proximity to
exotic trees. Furthermore, most shrub and small tree
species assessed in the survey were mixtures of  up to 10
species typical of  the many native revegetation programmes
underway nationwide such as those along riparian areas.

There are, therefore, only a handful of  examples of  the
major native conifer and hardwood tree species established
for more than a decade in single species stands established
at a regular stem density that is standard practice for exotic
forestry production. Even then, because many of  these
plantations are small, there can be significant edge effects
where diameter growth of  edge trees is significantly faster
than that of  within-stand trees.

Developing growth and carbon models based on a highly
variable native plantation database therefore presents major
challenges. Such models are reliant on accurate calculations
of  stand stocking of  a representative sample of  trees using
bounded plots such as Permanent Sample Plots sited
within stands to reduce any forest edge effects. Temporary
non-bounded inventory plots used in the survey for
estimating growth rate and stand density for many stands
prove less reliable especially for calculations of  volume
and carbon.

Consequently, native trees that are established as small
stands with a high proportion of  edge trees, are established
at wide spacing, or are planted as shelterbelts or as avenues
in urban parks, were generally excluded from the growth
data used to develop volume and carbon models. This has
considerably reduced the sample size presented in
subsequent articles in Section 10 of  this Handbook.
A degree of  caution in interpretation of  results is therefore
prudent, especially for some of  the less commonly planted
native tree species.
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There are major challenges in using growth and stand data from widely-spaced mixed-species stands of planted native trees in
developing growth and carbon models. This 21-year-old stand of native trees planted at Opononi, Northland, is an example of the
many stands measured during the survey for height and diameter where two or more tree species are planted at wide spacing such
as the rimu and kauri (left), or are planted with or in the vicinity of exotic species such as these kauri planted under eucalypts (right).
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Technical Article No. 10.2

Performance of Planted
Native Conifer Trees

S
INTRODUCTION

      everal of  our highest profile native conifer trees are amongst
the most widely planted native timber tree species in New Zealand.
Tãne’s Tree Trust (TTT) has recently completed a survey of  native
tree plantations throughout the country. Growth and stand
management information from this survey has been combined
with earlier measurements of  planted native stands to form the
TTT Indigenous Plantation Database which provides information
about growth performance, species choice, site preparation,
establishment practice, monitoring, maintenance, and stand
management. Details on the survey and the database are given in
Technical Article No. 10.1 in this handbook.

There is increasing interest in establishing a resource of  native tree
species as a future specialty wood supply, especially for the major
native conifer tree species. Prior to the exotic plantation forest
industry in New Zealand, native conifers such as kauri, rimu, totara,
kahikatea, and matai were widely utilised. These native conifer
species continue to be highly prized for their valuable wood
properties and suitability for a wide range of  end uses.

This article provides a summary of  the growth performance of
planted native conifer trees from stands throughout New Zealand.
Growth models for both height and diameter have been developed
based on selected stands from the TTT Indigenous Plantation
Database including the lastest plantation survey.
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MEASUREMENT OF STANDS

SPECIES AND NUMBERS
PLANTED

Measuring the
diameter at breast
height of a 32-year-old
planted kauri in one of
many kauri plantations
assessed in the upper
North Island.

Stands of 48-year-old rimu (above) and totara (below), Holt
Forest Trust, northern Hawkes Bay.

Most of  the plantations identified in the TTT plantation
survey were inspected and trees assessed for growth.
Permanent Sample Plots (PSPs) or inventory growth plots
were established within representative areas of  most planted
stands with known age and management history. The methods
for establishing PSPs followed those of  Ellis and Hayes
(1997). This data has been added to other datasets, including
a survey by the Forest Research Institute in the mid-1980s
(Pardy et al. 1992).

DBH (diameter at breast height - 1.4 m above ground)
measurements of  all planted trees within PSPs were recorded
and heights measured for a minimum sample of  12 trees per
plot using a Vertex Hypsometer. Inventory growth plots were
used for newly planted stands where trees were too small for
measurement of  DBH. Stand stocking was calculated from
bounded plots of  known area and estimates of  stem density
of  non-bounded inventory plots was calculated using a
minimum of  30 intra-tree distances within stands.

Site factors and the history of  site and stand management
were collated from owners and managers, or from early
archives of  plots established by the former New Zealand
Forest Service or the Forest Research Institute. Datasets
from both the earlier plantation survey and the recent TTT
survey were combined. The combined dataset includes a
small number of  stands that were remeasured during both
surveys and where individual trees could be relocated.

Conifers make up the bulk of  the planted native tree species
measured, comprising over 5,000 of  the more than 7,000
trees measured for DBH in the TTT Indigenous Plantation
Database. These are spread over nearly 300 plots established
in either single-species stands, mixed species stands, scattered
trees such as in established gardens, or as single or multi-row
shelterbelts. Not all trees in the database such as stand edge
trees, shelterbelts and newly planted stands were used in the
development of  growth models.

2
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GROWTH MODELS

Totara
Kauri
Rimu
Kahikatea
Tanekaha
Kawaka
Miro
Matai

Height DBH

No. stands

Mean Min Max

Age (years)No. trees measured

Height DBH

Stocking
(stems/ha)

Mean
68
80
33
39
14
8
8

13

45
47
20
25
6
7
3
2

1191
2190
420
444
75
34
22
38

42
31
32
28
35
21
38
34

102
82
69
78
64
50
55
55

1743
1286
339
549
49
48
26
7

1740
1290
1800
1810
2300
2260
1950
1360

9
9
9
9

12
9
9

13

Table 1: Summary of the number of plots and trees used for developing height and diameter growth models for the more commonly
measured planted native conifer species including stand age and stocking.

Smaller numbers of  other species included:
- Tanekaha – Phyllocladus trichomanoides
- Matai – Prumnopitys taxifolia
- Miro – Prumnopitys ferruginea
- Kawaka – Libocedrus plumosa

Small numbers of  three other conifer species measured
during the plantation survey were toatoa (Phyllocladus
toatoa), Halls totara (Podocarpus cunninghamii) and kaikawaka
(Libocedrus bidwillii).

Stands are located in virtually every region of
New Zealand from Northland to Southland and from
lowland coastal sites to inland sites over 500 m above sea
level. Stand density averaged 2200 stems per ha and
ranged from only 200 stems per ha to over 5000 stems
per ha. Very few plantations had been pruned or thinned,
with the most common treatment being only a low
pruning for improved access.

Stand selection for modelling

Growth models were derived from the database for each
of the major planted conifer species. These models predict
mean height and DBH by age for each species. One of
the difficulties in using data from native plantings is that
many stands are small with edge trees, while others are
scattered plantings with trees in fairly open conditions.
Conversely, many stands are at very highly stockings, and
would most likely to have been thinned if  under a more
active management regime. Inter-tree competition affects
both height and diameter growth. At low stockings, height
growth tends to be slower and diameter growth faster
compared with more tightly stocked stands.

A summary of  the data used to develop the models is
shown in Table 1. When modelling height, only stands
identified as being shelterbelts along with several clearly
atypical stands were excluded from the analysis. However,

when modelling DBH, plots identified as being in scattered
stands such as in gardens or urban parks or small stands
likely to have significant edge effects were excluded from
the analysis.

Several stands with stockings less than 400 stems/ha were
also excluded as being atypical compared with the remaining
stands in the database. Because of  this, stocking density
of  stands used to develop the DBH model was high,
averaging 1720 stems/ha and ranging from 400 to over
4000 stems/ha. Because of  the high stockings in the stands
used to develop the DBH models presented in this article,
they may also be somewhat conservative if  applied to
trees grown at recommended plantation stocking densities.

Mean age across all eight conifer species used for modelling
growth was 33 years and varied from 9 years to over 100
years. The youngest stands were excluded from the analysis.

Species name

The species most commonly planted included:
- Totara – Podocarpus totara
- Kauri – Agathis australis
- Rimu – Dacrydium cupressinum
- Kahikatea – Dacrycarpus dacrydioides
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Data analysis

Sigmoidal growth curves of  the Bertalanfy-Chapman
form were fitted using nonlinear regression. Fits of  models
using either separate slope or asymptote parameters for
each species were tested. For both height and DBH,
models with separate asymptote parameters for each
species performed best. For the height model, an intercept
of  0.5 m representing height at planting was used. For
the DBH models, a zero intercept at age 4 years was used,
this being the average age at which breast height is achieved
by native conifers.

Models for predicting height

Plot mean heights along with fitted height/age regression
curves for the eight conifer species are given in Figure 1
for the individual species. Predicted mean heights from
these growth curves for specific ages are shown in
Table 2. The modelled age range varied from 60-100 years
of  age for the different species depending on data
available in the TTT Indigenous Plantation Database.

The conifers showing the most rapid height growth were
kauri and kahikatea which averaged over 23 m 80 years
after planting. These were followed by rimu with a mean
height of  21 m at age 80 years while totara averaged
19 m, similar to that observed by Bergin and Kimberley
(2003). Of the minor conifer species, kawaka and tanekaha
showed average height growth rates slightly slower than
totara, while miro and matai had the slowest height growth
rates.

Models for predicting DBH

Plot mean DBHs along with DBH/age curves are shown
for the conifers in Figure 2, and predicted diameters from
these curves for specific ages are shown in Table 2. Kauri,
kahikatea and totara all showed very similar average DBH
growth, averaging over 30 cm at age 60 years with rimu
marginally slower averaging 29 cm.

The limited data for kawaka and tanekaha suggest their
DBH growth rates were comparable to the more
commonly planted conifers, while miro and especially
matai were considerably slower. DBH MAI at age 40 years
averaged more than 6-7 mm/year for kauri, totara and
kahikatea, slightly under 6 mm/year for rimu, and less
than 4 mm/year for miro and matai. These had decreased
slightly by age 60 years, averaging more than 5 mm/year
for kauri, totara and kahikatea, slightly under 5 mm/year
for rimu, and only 2-3 mm/year for miro and matai.

Figure 1: Height/age regression curves for conifers derived from data in
the TTT Indigenous Plantation Database.

At age 40 years, height mean annual increments (MAI)
for the four most common conifers ranged from
29 cm/year for totara to 36 cm/year for kauri and kahikatea
while the slowest growing conifers miro and matai averaged
only 19-23 cm/year. At age 60 years, height MAI had
decreased slightly to 26-32 cm/year for the four most
common species.
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Factors affecting growth in individual stands

The growth rates of  these conifer plantations are for sites
of  average productivity. Individual stands show
considerably faster or slower growth rates as can be seen
by individual points in Figures 1 and 2. This variation is
due both to differences in site productivity and to variable
stand management. Many of  the stands in the survey had
not been well maintained after planting compromising
their growth performance. In particular, because of  their
slow initial growth, good early growth of  native trees
depends on suitable weed control for some years after
planting while timely thinning of  over-stocked stands in
later years will also improve growth performance.
Consequently, these average growth rates do not necessarily
reflect the true potentials of  each species.

Figure 2: DBH/age regression curves for conifers derived from data in the
TTT Indigenous Plantation Database.

Table 2: Predicted average height (m) and DBH (cm) for eight native conifer species.

Competition between trees in highly stocked stands will
slow diameter growth at older ages. Average stocking of
the stands used to develop the DBH model was over 1700
stems/ha, reducing somewhat to 1140 stems/ha in those
stands over 40 years of  age. There are a number of
plantings of  rimu and kauri in Cornwell Park, Auckland,
at wide spacings averaging about 400 stems/ha which
were not included in the DBH model dataset as they were
not typical of  the other stands in the survey. However,
these stands give some idea of  the growth rate that might
be achievable at somewhat lower stockings. Average MAI
DBH in these trees at age 60-80 years is about 8 mm/year.

Age (years)

10
20
40
60
80

10
20
40
60
80

Kahikatea

3.8
7.5

14.3
19.5
23.4

8.6
15.6
25.3
31.1
34.6

Kauri

3.8
7.5

14.2
19.4
23.3

8.8
15.9
25.8
31.8
35.3

Rimu

3.4
6.8

12.8
17.4
20.8

7.9
14.3
23.2
28.6
31.8

Totara Tanekaha

3.0
6.0
11.2
15.2

7.0
12.6
20.5
25.3

Miro

2.6
4.9
9.2

12.5

5.0
9.0

14.6
18.0

Matai

2.1
4.1
7.5

10.1

3.4
6.2

10.0
12.4

Kawaka

3.1
6.0
11.4

6.6
11.9
19.3

DBH (cm)

Height (m)

3.1
6.1
11.6
15.7
18.8

8.5
15.3
24.9
30.7
34.1

5
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VOLUME GROWTH

A widely used measure of  forest productivity is stem volume MAI. This is calculated by dividing the per hectare
summed stem volumes of  the stems in a stand by the stand age. Under-bark stem volume can be estimated
from tree height and DBH using a volume function such as the pole kauri function of  Ellis (1979). It is important
when estimating per hectare stand parameters such as volume MAI to use data from large plots with minimal
edge effects. This is often difficult to achieve for stands of  planted New Zealand natives, many of  which are
small.

However, by restricting the analysis to stands with stockings of  400 stems/ha or more and with 10 or more
trees measured for DBH, and by excluding scattered plantings and plots with significant numbers of  edge trees,
it was possible to obtain realistic estimates of  volume MAI. There were 64 plot measurements in conifer stands
in the database satisfying these criteria, including 26 predominantly totara and 24 kauri, with the remainder being
either rimu or kahikatea (Figure 3). Stem volume was estimated using the Ellis (1979) volume function.

Unlike a growth function (e.g. as used for DBH and height), a MAI curve reaches a maximum and then declines.
The age of  maximum MAI is the rotation length that gives the greatest average annual volume production.

Figure 3: Volume MAI for planted native conifer stands with fitted regression line.

For fast growing exotic species this occurs at a relatively young age.
However for native conifers average volume MAI increases gradually
with age, peaking at about age 80 years at an average of  about
10 m3/ha/year (Figure 3), although there is considerable variation
between sites with volume MAI ranging between 4 and 16 m3/ha/year
for stands greater than 30 years in age. These values are comparable
to the average of  8 m3/ha/year found for totara by Bergin and
Kimberley (2003) and values of  9-13 m3/ha/year for two stands of
kauri (Bergin and Steward 2004).

The flat form of  the volume MAI curve for native conifers implies
that rotation lengths between 50 and 100 years will produce similar
volume MAIs averaging about 10 m3/ha/year. However, other factors
such as mean tree size and heartwood formation are also important
when evaluating rotation length.
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Mixed conifers, Whatawhata, Waikato

Pruned totara, Northland

The most commonly grown New Zealand native conifer
tree species used in plantations are totara, kauri, rimu,
and kahikatea. This is particularly the case where the
objective is to provide a sustainably managed native
forest with potential as a long-term timber resource.

Mean annual growth rates at age 40 years were
6-7 mm/year for DBH and 36 cm/year for height for
the faster growing conifer species, similar to those
reported in an earlier native plantation survey (Pardy
et al. 1992). Volume MAI increased with age over the
first 50 years, but was fairly stable between ages 50-100
years averaging about 10 m3/ha/year.

There was considerable variation in growth between
plots with volume MAI in older stands ranging between
4 and 16 m3/ha/year. This was considered to be due
to differences in site productivity and management
practices. Stands had often not been well managed
compromising their growth performance. Consequently,
these average growth rates do not necessarily reflect
the true potentials of  each species.
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Technical Article No. 10.3

Performance of
Planted Native
Hardwood Trees

A
INTRODUCTION

A nationwide survey of  native tree plantations was recently
completed by Tãne’s Tree Trust (TTT) aimed at locating
planted stand and assessing their performance. Data from
this survey including that of  native hardwood tree species
has been included in the TTT Indigenous Plantation
Database. Details on both the survey and the database are
given in Technical Article No. 10.1 in this handbook

This article provides a summary of  the growth performance
of  planted native hardwood trees based on selected stands
within the TTT Indigenous Plantation Database. Growth
models for both height and diameter have also been
developed.

The performance of  the other native species groups
assessed during the TTT plantation survey – conifers and
shrub hardwoods – are given in other Technical Articles
within Section 10 of  this handbook.

         number of  native hardwood tree
species including the beeches (Nothofagus
spp.) have been planted over many
decades throughout New Zealand.
Some have the potential for fast growth
and rapid heartwood development if
planted on good quality sites. However,
not many plantations of  native
hardwoods have been established and
managed well as a potential specialty
wood resource. Consequently little is
known of  their growth characteristics
across a range of  species and sites.
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MEASUREMENT OF STANDS

Responses to a questionnaire sent to forestry and farming
networks nationwide identified a number of  planted
stands of  native hardwood trees most of  which were
inspected and trees assessed for growth. Permanent
Sample Plots (PSPs) or inventory growth plots were
established within representative areas of  these stands
of  known age and management history. The methods
for establishing PSPs are described be Ellis and Hayes
(1997). Data was also included from an earlier survey
carried out by the Forest Research Institute in the mid-
1980s (Pardy et al. 1992).

DBH (diameter at breast height – 1.4 m above ground)
of  all planted trees within plots was recorded and height
measured for a minimum sample of  12 trees per plot
using a Vertex Hypsometer. Stand stocking was calculated
for bounded plots of  known area and estimates of
stem density in non-bounded inventory plots was
calculated using a minimum of  30 intra-tree distances.

SPECIES AND NUMBERS
PLANTED

Hardwood trees made up only a small fraction of  the
planted native tree and shrub species measured, comprising
about 700 of  the nearly 10,000 measurements in the TTT
Indigenous Plantation Database. These trees were located
in numerous stands established in either single-species
plantings, mixed species stands, scattered trees such as
in established gardens, or as single or multi-row
shelterbelts. Stands were located from Northland to
Southland on mostly lowland sites. Very few stands had
been pruned or thinned after planting.

The hardwood trees most commonly planted were:
- Red beech – Nothofagus fusca
- Black beech – Nothofagus solandri
- Puriri – Vitex lucens

Smaller numbers of  other hardwood trees planted
included:

- Silver beech – Nothofagus menziesii
- Rewarewa – Knightia excelsa
- Karaka – Corynocarpus laevigatus
- Kohekohe – Dysoxylum spectabile

The only other hardwood tree species encountered in
the plantation survey and measured in small numbers
were taraire (Beilschmiedia tarairi) and pohutukawa
(Metrosideros excelsa). A number of  other hardwood species
which grow to a smaller stature and are often used in
revegetation programmes are included with native shrubs
covered in Technical Article 10.4.

GROWTH MODELS

Stand selection for modelling

Growth models were derived from the database for each
of  the major hardwood tree species. These models predict
mean height and DBH by age for each species.

A summary of  the data used to develop the hardwood
tree models is shown in Table 1. Trees planted in the
open or on stand edges may have significantly faster
diameter growth due to less competition compared to
trees growing within stands. Therefore, trees identified
in the database as being in the open, in shelterbelts, or in
scattered stands such as in gardens or urban parks were
excluded from the data used to develop the growth models.

Stands with stocking less than 400 stems/ha were also
excluded when developing the DBH model although they
were considered suitable for modelling height growth.
Stands less than 6 years old were also excluded.

Stocking density of  stands used to develop the DBH
model was high, averaging nearly 1500 stems/ha with
different species averaging from 1200 to over 2000
stems/ha. Because of  these high stockings, the DBH
models developed for hardwood trees in this article are
likely to be conservative if  applied to trees grown at
recommended lower plantation densities.

Mean age across all eight conifer species used for modelling
growth was 37 years and individual stands varied from
9 years to over 110 years. The oldest hardwood tree stands
assessed in the survey were red beech and black beech
and these were located in Otago.

Scattered stands of planted native hardwood trees such as in
gardens or urban parks were excluded from the data used to
develop the growth models.
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Height DBH

No. plots

Mean Min Max

Age (years)No. trees measured

Height DBH

Stocking
(stems/ha)

Mean

Species name

Table 1: Summary of plots used for developing height and diameter growth models for native hardwood tree species.

Red beech
Black beech
Silver beech
Puriri
Rewarewa
Karaka
Kohekohe

27
20
8

26
10
11
5

22
16
6

19
9
7
3

256
138
62

171
69
49
38

483
252
16

289
26
55
6

36
45
32
36
31
38
42

11
11
16
9
9
11
12

110
110
50
69
50
64
59

1440
1270
1170
1440
2110
1200
1820

Data analysis

Sigmoidal growth curves of  the Bertalanfy-Chapman
form were fitted using nonlinear regression. Fits of  models
using either separate slope or asymptote parameters for
each species were tested. For both height and DBH,
models with separate asymptote parameters for each
species performed best. For the height model, an intercept
of  0.5 m representing height at planting was used. For
the DBH models, a zero intercept at age 2 years was
used, this being the average age at which breast height is
achieved by native hardwood trees.

Figure 1: Height growth curves for the seven most commonly planted native hardwood tree species.

Model predictions of  height and DBH

Plot means of  height and DBH along with fitted mean
height and DBH growth curves for the four most
commonly planted hardwood tree species are shown in
Figures 1 and 2.

There were marked differences between species in height
growth rates. The species showing the most rapid height
growth were red beech and black beech which averaged
16-17 m 40 years after planting. These were followed by
rewarewa, puriri and silver beech with mean heights of
14-15 m at age 40 years, while kohekohe and karaka
werethe slowest growing averaging about 10 m at age
40 years. Height mean annual increment (MAI) at age
40 years was over 40 cm/year for red beech and black
beech, about 35 cm/year for silver beech, puriri and
rewarewa, and around 25 cm/year for kohekohe and
karaka.
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The three beech species showed similar DBH growth
rates, averaging about 35 cm at age 40 years, while puriri
and rewarewa averaged 30 cm, with karaka and kohekohe
approaching 25 cm. DBH MAI at age 40 years averaged
about 9 mm/year for the beech species and 6-8 mm/year
for the other species.

Predictions of  average height and DBH for all eight
hardwood tree species are shown in Table 2. Predictions

Age
(years)

10
20
40
60
80

10
20
40
60
80

Red
beech

6.0
10.2
16.7
21.8
25.9

10.2
20.0
35.2
45.1
51.5

Black
beech

5.2
8.7

14.2
18.6
22.0

10.6
20.8
36.5
46.8

Silver
beech

6.0
10.0
16.5
21.5
25.5

9.9
19.5
34.2
43.9
50.0

Puriri

5.6
9.2

14.4
17.9
20.4

9.1
18.0
31.6
40.5
46.2

Rewarewa

5.8
9.6

15.0
18.6

8.0
15.8
27.8
35.7

Karaka

3.9
6.3
9.8

12.2

6.4
12.6
22.2
28.4

Kohekohe

4.1
6.6

10.3
12.7
14.5

7.2
14.2
24.9
31.9

Diameter (cm)

Height (m)

Table 2: Predicted average height (m) and DBH (cm) for seven native hardwood tree species

Figure 2: Diameter growth curves for the seven most commonly planted native hardwood tree species.

in this table are restricted to the age range in the data. By
60 years, most of  the beech species have exceeded 20 m
in predicted average height with puriri and rewarewa
averaging 18 m and and karaka and kohekohe only 12 m.
All the beeches and puriri are predicted to average 40-46
cm in DBH at 60 years whereas the remaining species
rewarewa, karaka and kohekohe average 28-36 cm.
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Beech planted at 1800 stems/ha have required pruning of
lower brances and removal of occasional multiple leaders,
Southland.

A 30-year old plantation of black beech established at 3 m
spacing (1100 stems per ha) with poor form at Banks Peninsula,
Canterbury.

A scattered open 20-year-old planting of puriri pruned
to 2.5 m, Opononi, Northland.

A 16-year-old red beech stand that has been low pruned,
Waikato.
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VOLUME GROWTH

A widely used measure of  forest productivity is stem
volume MAI. This is calculated by dividing the per hectare
summed stem volumes by the stand age. Under-bark stem
volume can be estimated from tree height and DBH using
a volume function such as the pole kauri function of  Ellis
(1979). It is important when estimating per hectare stand
parameters such as volume MAI to use data from large
plots with minimal edge effects. This is often difficult to
achieve for stands of  planted New Zealand natives, many
of  which are small.

By restricting the analysis to stands with stockings of  400
stems/ha or more and with 10 or more trees measured
for DBH, and by excluding  scattered plantings and plots
with significant numbers of  edge trees, it was possible to
obtain realistic estimates of  volume MAI. There were
only 16 plot measurements in predominantly hardwood
stands in the database satisfying these criteria, including
7 beech, 6 puriri, with the remainder being either karaka
or rewarewa (Figure 3). Stem volume was estimated using
the Ellis (1979) volume function.

The analysis also suggests that as with native conifers,
maximum volume MAI occurs after age 50 years. However
when compared with native conifers, the precise nature
of  the volume MAI relationship with stand age is less
clear due to the limited number of  available stands.

Unlike a growth function (e.g. as used for DBH and
height), a MAI curve reaches a maximum and then declines.
Based on the limited number of  available stands, it appears
that volume MAI for native hardwoods typically averages
about 10 m3/ha/year in mature stands (Figure 3). This is
similar to the average growth rate for native conifers (see
Technical Article No. 10.2).

Figure 3: Volume MAI for planted native hardwood stands with a fitted regression line.

Native hardwood trees planted at
wide spacing, such as these karaka
in an urban park in Auckland, were

used in the development of
diameter and height models but

were not used in calculating volume
growth which was restricted to

stands with stockings of 400
stems/ha or more.
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CONCLUSIONS

Although far less commonly planted than the native conifer species, there are sufficient stands
of  planted native hardwood trees to allow for some assessment of  growth rates to be made.
The most commonly planted New Zealand native hardwood tree species are red beech, black
beech and puriri, and there are minor plantings of  silver beech, rewarewa, karaka and kohekohe.

The beech species had average mean annual DBH growth rates at age 40 years of  9 mm/year
while the other hardwood species average 6-8 mm/year. Height growth was fastest for red and
black beech with average height MAI at age 40 years of  40 cm/year. Volume MAI in mature
stands averaged about 10 m3/ha/year.

There is clearly a need for establishment of  native hardwood trees as plantations at densities
of  500-1000 stems/ha to determine their growth potential for timber production. Other than
for some of  the beeches, the TTT plantation survey has also illustrated a lack of  well-established
stands of  planted hardwood trees to determine effect of  different planting densities on stem
form and lower branching, and hence the silvicultural requirements for a range of  species.

Native hardwood tree species planted at wide spacing often develop multiple leaders with large branching to low levels on stems.
These rewarewa and other native hardwood trees established as low density stands in Cornwall Park, Auckland, required tree
protectors in early years to prevent damage where grazing stock have been used to maintain grass growth.
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An unmanaged stand of red beech planted around 1900 in North Taieri near Mosgiel, Otago. This highly variable stand had an
average diameter of 57 cm and mean height of 33 cm approximately 110 years after planting.
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Technical Article No. 10.4

Performance of
Planted Native Shrubs

M
INTRODUCTION

          illions of  seedlings of  hardy pioneer native shrub
and small tree species are raised in nurseries throughout
New Zealand each year. These are used for many
purposes including revegetation of  riparian areas in
pastoral landscapes and on erosion-prone steep hill
country. Shrubs species, together with the monocots
harakeke (Phormium species), ti kouka or cabbage tree
(Cordyline australis) and toetoe (Austroderia species), are
the most commonly planted native plants currently
used in large scale revegetation projects in New Zealand
(Bergin and Gea 2007).

Fast-growing, hardy shrub species are favoured for
providing shelter on exposed sites and canopy cover
on cleared sites which would otherwise be susceptible
to invasion by weeds. When such a cover is established
rapidly, the time needed for weed control is reduced.
Hardy, early successional species also tend to be less
expensive to raise as seedlings compared to most native
tree species. Consequently, many native revegetation
programmes throughout New Zealand initially focus
on establishing a cover of  vegetation using hardy shrub
species.

When suitable seed sources are available, native conifer
and hardwood tree species will establish naturally within
pioneer vegetation which provides shelter and protection
from extremes of  climate (Bergin and Gea 2007).
Therefore, planting a cover of  hardy shrub species in
advance of  establishing the native high forest tree species
can mimic this process of  natural succession. Many
native tree species favoured for timber production grow
slowly in their early years, but their performance can
be improved when they are planted within the shelter
provided by a shrub nurse crop.

In a recent survey of  native plantations by Tãne’s Tree
Trust, a number of  stands of  known age consisting of
early successional native shrub and small tree species
were assessed for growth. This article summarises the
growth rates of  these sampled stands and includes
predictions from a generic growth model applicable to
the more commonly planted native shrub species.

1
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Of  the 10,000 plant measurements in the Tãne’s Tree
Trust Indigenous Plantation Database, 20% are for planted
native shrub and small tree species used widely in
revegetation programmes. The selection of  species used
in revegetation programmes varies from site to site
depending on the objectives of  the programme, the
species which are naturally most common in the local
area, and characteristics of  the site such as degree of
exposure, level of  fertility or moisture availability.

Table 1: Summary of the number of plots and plants used for assessing height and root collar diameter (RCD) growth for native shrubs
and small trees assessed in the nationwide survey of native plantations.

Some 42 different shrub and small tree species were
measured in 54 plots from 39 different locations
nationwide. Details of  the 16 most commonly planted
species are shown in Table 1. These species were:

native shrubs – manuka, kohuhu, tarata, akeake,
makomako or wineberry, karamu, rautaawhiri, akiraho,
mapou;
monocot – ti kouka or cabbage tree;

small native trees – kanuka, mahoe, whauwhaupaku or
five finger, houhere species, kapuka, manatu.

SPECIES AND NUMBERS
PLANTED

Common name Botanical name

Pittosporum tenuifolium

Kunzea ericoides

Pittosporum eugenioides

Cordyline australis

Leptospermum scoparium

Plagianthus regius

Coprosma robusta

Griselinia littoralis

Hoheria populnea, H. sextylosa

Pseudopanax arboreus

Aristotelia serratus

Dodonea viscosa

Melicytus ramiflorus

Olearia paniculata

Pittosporum colensoi

Myrsine australis

Kohuhu

Kanuka

Tarata

Ti kouka

Manuka

Manatu

Karamu

Kapuka

Houhere

Whauwhaupaku

Makomako

Akeake

Mahoe

Akiraho

Rautaawhiri

Mapou

No.
plots

27

22

27

25

12

17

15

14

14

11

11

9

12

6

6

6

No. plants
measured

Height

311

246

213

216

132

159

103

84

81

57

56

49

49

38

36

17

RCD

247

232

168

50

114

91

94

73

47

46

42

38

43

40

34

15

Age
(years)

Mean

16

15

18

17

12

17

12

17

14

14

14

22

13

14

12

21

Min

6

5

6

6

5

6

6

9

6

6

9

11

6

14

6

9

Max

59

36

59

50

23

46

20

36

29

36

36

55

30

14

24

60



Invariably the shrub and small tree plantings assessed in
the survey consisted of  mixed species assemblages rather
than single species plantings. They were mostly planted
in riparian areas although a small number were on retired
hill country or had been planted for amenity or aesthetic
reasons in gardens and urban parks. Few had been planted
specifically as a nurse crop for the later inter-planting of
conifer or hardwood trees. Ages of  these shrub and small
tree plantings averaged 19 years and ranged from 5 to 60
years.

The average stocking was 2,560 plants/ha which
corresponds to a mean spacing of  approximately 2 m.
However, stocking decreased with increasing age, reflecting
the effect of  mortality over time, and possibly also the
use of  closer planting in more recently established stands.
The stands aged less than 10 years old averaged 3,900
plants/ha corresponding to a mean spacing of
approximately 1.6 m.

MEASURMENT OF STANDS

Site factors and the history of  site and stand management
was collated from owners and managers. For sites
dominated by shrub hardwoods of  known age since
planting, a representative sample of  up 30 plants for each
of  the major species was measured. As many of  the
shrubby species are multi-leadered from near ground
level and often heavily branched, especially when young,
measuring diameter at breast height is often impractical.

Consequently, root collar diameter (RCD) was measured
using large callipers or diameter tapes to measure the
one or more stems at approximately 10 cm above
ground level. For multi-stemmed plants, the RCD of  a
single-stemmed plant of  equivalent stem cross-sectional
area was calculated. All plants in the sample were
measured for height using an extendable height pole.

Stand stocking was calculated using a minimum of
30 representative intra-tree distances within stands taking
care to avoid stands edges. Stand stocking was variable
from less than 1000 stems/ha to several thousand
stems/ha.

Red mapou was not widely planted and had the slowest growth
rate in mixed-species revegetation programmes.

Karamu was commonly planted in mixture with other native
shrub hardwoods where it produces large crops of fruit in early
years, attracting birds.

3



GROWTH RATES OF NATIVE SHRUBS

Data analysis

A sigmoidal growth curve of  the Bertalanfy-Chapman
form for predicting mean height of  mixed species shrub
plantings as a function of  age was fitted using nonlinear
regression. An intercept of  0.5 m representing height at
planting was used in this model. Relative height and RCD
growth by species was obtained using analyses of
covariance which included terms for plot, species and
age. From these, mean heights and RCDs of  each species
were produced adjusted to a common age and adjusting
for differences between sites.

Height growth of  mixed species plantings

Mean heights of  the 54 shrub plots in the database along
with a fitted regression growth curve are shown in

Figure 1: Mean height versus age of 54 plots containing mixed-species plantings of native shrubs
and small trees. Solid regression line shows average growth while dashed lines indicate growth
for high and low productivity sites.

Figure 1. This also shows growth curves for low and high
productivity sites, corresponding to the 10th and 90th

percentiles. Predicted mean heights for low, average and
high productivity sites from these growth curves are given
in Table 2. In a typical mixed-species shrub planting a
mean height of  4.5 m is achieved at age 10 years, and
7 m at age 20 years. Shrub species tend to reach a maximum
height of  about 9-10 m at about age 30-40 years.

Growth rates vary between stands by up to ±40%
depending on the climatic and soil properties of  the site
as well as management practices carried out at each site.
A mean height of  4 m will be achieved at about age 9
years on an average site, but will take 6 years on a good
site and 15 years on a poor site.
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Time taken to achieve canopy
closure

Canopy closure occurs when the crowns of
neighbouring plants merge to form a
continuous canopy cover. The time taken
to achieve this is an important factor when
deciding on the spacing to use at planting.
Until the canopy closes, the site will be
susceptible to invasion by weed species, and
regular weed control may therefore be
required to ensure the successful
establishment of  a relatively weed-free stand
of  native shrubs. Canopy cover will be
achieved earlier if  a closer plant spacing is
used, but the higher number of  seedlings
required will incur correspondingly greater
establishment costs. Growth rates of  individual species

Relative growth rates of  individual species are summarized
for all 16 species in Table 4. More detailed predictions
for the 8 most common species are shown for mean
heights at ages 10, 20 and 30 years in Figure 2, and mean
RCD at ages 10 and 20 in Figure 3 (there was insufficient
data beyond age 20 to obtain good estimates of  RCD).
Growth rates are similar for most species especially up
to age 10 years. However, manatu and houhere show
somewhat faster height growth than most other species,
while kapuka and mapou are the slowest.

Table 2: Predicted mean height by age for mixed-species plantings of native
shrubs and small trees for slow growing, average, and fast growing sites.

5
10
15
20
25
30
35
40

Slow growing site

0.3
1.7
3.0
4.0
4.8
5.4
5.8
6.1

Average site

2.5
4.5
6.0
7.1
8.0
8.6
9.1
9.4

Fast growing site

0.7
3.4
5.9
7.9
9.5

10.6
11.4
12.1

Mean height (m)Age
(years)

Canopy breadth of  shrub species was not generally
assessed in the Tãne’s Tree Trust Indigenous Plantation
survey. However, in a survey of  5 year-old native shrub
plantings carried out for the Bay of  Plenty Regional
Council, the ratio of  crown height to crown breadth was
found to average 1.5, although varying between species
(Bergin and Gea 2007). This mean ratio of  1.5 suggests
that crown closure begins to occur in a mixed species
shrub planting when the mean height is about 50% greater
than the plant spacing.

Therefore, at a spacing of  1.5 m, canopy
closure will occur at a mean height of  about
2.25 m. Based on the growth curves shown
in Figure 1, this height will be achieved after
3 years on a good site and 4 years on an
average site but will take 7 years on a poor
site (Table 3). At a closer spacing of  1 m
the height at crown closure is estimated to
be 1.5 m. For good, average and poor sites,
this will be achieved at about ages 2, 3 and
4 years respectively. However, at a wider
spacing of  2 m the height at crown closure
is about 3 m which will be achieved for
good, average and poor sites at about 4, 6
and 10 years respectively.

Table 3: Time in years for mixed-species plantings of native shrubs
and small trees to achieve canopy closure target heights for a range
of plant spacings on slow growing, average, and fast growing sites.

Slow growing site

4.3
7.0

10.0

Average site

2.6
4.3
6.1

Fast growing site

1.7
3.1
4.4

Time in years to reach canopy closurePlant
spacing

(m)

1
1.5
2.0

5



Table 4: Relative height and RCD growth rates by species. Relative growth rates are expressed as ratios with an average species
having a ratio of 1.0, faster growing species being greater than 1.0, and slower growing species less than 1.0. Values within a column

followed by the same letter do not differ significantly (least significant difference test, p=0.05).

Relative height growth rate

1.26

1.25

1.13

1.06

1.03

1.01

1.01

0.99

0.98

0.97

0.96

0.95

0.95

0.93

0.83

0.69

a

ab

bc

c

cd

cd

cd

cd

cd

cde

cde

cdef

cdef

def

ef

f

Manatu

Houhere

Tarata

Kanuka

Akeake

Makomako

Kohuhu

Ti kouka

Manuka

Mahoe

Whauwhaupaku

Akiraho

Rautaawhiri

Karamu

Kapuka

Mapou

Species Relative RCD growth rate

0.81

0.90

1.14

0.78

0.98

1.25

1.03

1.24

0.80

1.06

0.99

0.97

1.05

0.94

1.38

0.69

d

cd

abc

d

bcd

ab

bcd

ab

d

abcd

bcd

bcd

abcd

bcd

a

d

Figure 2: Mean heights of the more commonly planted native shrub and small tree species at ages 10, 20 and 30 years.
Error bars show standard errors.
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Figure 3: Mean root collar diameter of the more commonly planted native shrub and small tree species at ages
10 and 20 years. Error bars show standard errors.

Overall, the early growth rate of  most of  the native shrub species assessed in the survey averaged over 40 cm per year
for height and over 1 cm per year for diameter. These are substantially faster than growth rates of  both native conifer
and native hardwood tree species (refer to Handbook Articles No. 10.2 and 10.3). This is also reflected in nursery
production where most shrub hardwood species take less than a year to reach a planting height of  50 cm compared to
tree species which typically take at least two years (Bergin and Gea 2007).

CONCLUSIONS

The results of  this survey show that the early growth rate of  selected native hardy shrub and
small tree species planted on open sites average over 40 cm per year for height and over 1 cm
per year for diameter. These are substantially faster than growth rates of  both native conifer and
native hardwood tree species.

Planting of  early successional pioneer species is therefore a practical method for establishing a
woody cover of  native vegetation and this mimics natural regeneration strategies for most sites.
Not only are seedlings of  most of  the shrub species cheaper to obtain than the slower growing
high forest native species, but they can provide a cover of  native vegetation on exposed open
sites where performance of  most conifer and hardwood tree species would be poor. In addition,
faster growing pioneers will have a greater chance of  outcompeting invasive weeds.

While some of  the small native species listed above will grow for a century and more (e.g. kanuka,
kapuka), most are shrubby species that will only form low canopies and understorey tiers in high
forest. However, their role as ‘nurse cover’ in providing sheltered microsites for the establishment
by natural regeneration or by inter-planting of  conifers and hardwood trees species, is essential.
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A long term project to recreate significant stands of kauri
on the Coromandel Peninsula
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Technical Article No. 10.6

1

F
INTRODUCTION

     or over a decade the Kauri 2000 Trust has seen
the successful establishment of  many thousands
of  kauri throughout the Coromandel Peninsula.
A survey of  the performance of  Kauri 2000
plantings was undertaken as part of  a national
survey of  indigenous plantations by Tãne’s Tree
Trust (refer to previous Technical Articles within
Section 10 of  this Handbook).

This article describes the vision and work of  the
Kauri 2000 Trust. The early performance of  the
Trust’s plantings is compared with the Tãne’s Tree
Trust national survey of  indigenous plantations.
While the Kauri 2000 Trust is focused on planting
kauri for future generations to enjoy as conservation
forests, the principles of  planting and early
management are similar to planting native forest
for multiple purposes and are therefore a useful
case study of  best practice for establishing native
tree plantations.

A vision
The Kauri 2000 Trust was formed in 1999 as a non-
profit charitable trust with a vision to restore large stands
of  kauri for the enjoyment of  future generations throughout
the Coromandel Peninsula. As with other regions in the
north, the Coromandel was heavily logged in the past
resulting in the loss of  most kauri forest.

Inspired and led by local enthusiast Cliff  Heraud, Kauri
2000 evolved from the desire of  local communities to celebrate
the new millennium in a tangible, enduring way by recreating
some of  this lost kauri heritage. It is a long-term project
which invites families, individuals, communities, businesses,
schools and visitors to support the planting and maintenance
of  kauri throughout the Coromandel.

Planting new kauri trees for the future as part of Kauri 2000’s
20,000th tree celebration.

Top photo: Kauri planted 10 years ago in one of the open
grassed Kauri 2000 sites.
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Planting sites

With the input of  forestry advisor Max Johnston, the
Kauri 2000 Trust works with the Department of
Conservation, New Zealand Transport Agency, the
Thames-Coromandel and Hauraki District Councils and
others to identify and establish planting sites around the
Peninsula. Most planting sites are on publicly-owned land
in the Coromandel Forest Park administered by the
Department of  Conservation.

Thirty-six sites have been planted over the last 12 years
(Figure 1). These range from small sites such as parks or
reserves with a handful of  trees through to major sites
where thousands of  trees have been planted. The larger
planting sites are typical of  many reverting hill country
sites in the Coromandel that have previously been cleared
and burned, and now have a cover of  up to 4 m high
regenerating shrub hardwoods and few natural regenerating
kauri.

The Trust purchases seedlings using donations from the
public. The location of  planting sites and trees are recorded
in a database held by the Trust and every donor receives
a certificate identifying where their kauri is planted. To
date, 36,000 kauri have been planted.

Establishment and management

Contractors undertake site preparation several months
before planting, and  fell wilding pines 1 - 3 years in advance
where required. Narrow lines at 4 m spacing are cut through
the vegetation using scrub bars. Eco-sourced kauri seedlings
are then planted in winter at 2 m intervals (approximately
1250 stems per ha) along the lines using volunteers. Trees
were spaced 4 m apart on earlier planting sites (625 stems
per ha). Site preparation on sheltered grassed open sites
involves spot spraying by knapsack with herbicide before
kauri is planted.

Figure 1: Location of stands of kauri planted by Kauri 2000 over
the last decade throughout the Coromandel. Red dots indicate
where one or more planting sites are established (map by
Michael Bergin).

Every site has a work plan including maps and block
layouts. Planting sites are monitored and maintained for
at least five years until the trees are well established and
are not at risk of  becoming smothered by invasive weeds.
Weed control is carried out by contractors and usually
involves cutting back overtopping fern and woody regrowth
by slasher around planted kauri. On open sites, grass
competition is controlled with careful knapsack application
of  herbicide.

All operations comply with Department of  Conservation
requirements. The Trust has a formal Memorandum of
Agreement with DOC that is reviewed annually.

Below: Some
Kauri 2000
plantations were
established on
open grassed
sites.

Left: Most of the
Kauri 2000 planting
sites are in dense
scrub where lines
4 m apart are cut
and seedlings are
planted at 2 m
intervals along
each line.
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PERFORMANCE OF KAURI 2000 STANDS

Stand types

The Kauri 2000 stands can be classified into one of
three stand types based on site and stand
characteristics:

1. Inter-planted stand - kauri planted along cut lines
within reverting hill country shrubland;

2. Scattered planting - widely-spaced kauri planted
within parks and amenity areas; and

3. Plantation - kauri planted on open sites at a stocking
   greater than 500 stems per ha.

Most kauri were planted as inter-planted stands reflecting
the focus of  the Trust to restore kauri forest on typical
hill country sites throughout the Coromandel Peninsula.

Survival

There continues to be high survival of  planted kauri at
most sites. Estimates range from 70-90% for kauri inter-
planted in regenerating shrubland based on original
stockings. For kauri established in plantations or as scattered
stands on open sheltered sites, survival is consistently
over 90%.

As part of  the recent nationwide survey
of  native plantations by Tãne’s Tree
Trust, over 60 plots were established
in stands of  kauri planted throughout
the country, some well south of  its
natural range (refer to Technical Articles
No. 10.1 and 10.2 within this
Handbook). Plantations ranged from
a few well-managed stands on sheltered
fertile lowland sites with relatively fast
growth rates to stands either established
on harder sites or with poor
management after planting resulting in
compromised performance.

Figure 2: Height of kauri established by Kauri 2000 for the three stand types
(inter-planted, scattered, plantation). The trend line for Kauri 2000 plantings is
an average across all stands assessed. The average height growth modelled
from all kauri plantations assessed nationwide is also shown.

Comparison with other planted
kauri stands

When compared to the nationwide survey of  kauri plantations, the height of  kauri within Kauri 2000 stands averaged
close to 2.5 m, compared to the national height model of  nearly 4 m, at ten years after planting (Figure 2). Similarly,
stem diameter growth of  the Kauri 2000 stands (2 cm at ground level) was only half  that of  the national average.
This reflects the nature of  the sites, as discussed above, and is in line with similar sites elsewhere.

Growth rates

Growth rates vary from site to site reflecting environmental
conditions and stand types. Kauri planted on sheltered,
fertile ex-pasture sites and parks have annual growth
increments exceeding 5 mm diameter and 40 cm in height.
Growth in kauri planted along lines cut in scrub covered
hill country is slower at only 1-2 mm mean annual diameter
increment and 20 cm mean annual height growth, which
is comparable to naturally regenerating kauri on similar
sites elsewhere (Barton 1999; Bergin and Steward 2004).

A 3 m high kauri
sapling planted in a cut

line that has
benefited from early

weed control.

 This is an ideal
environment for

line-planted kauri
where surrounding

scrub provides side
shelter while full

overhead light will
ensure continued

rapid growth.
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Ongoing management

Overall, the early performance of  plantings by the Kauri
2000 Trust is excellent. The slower early growth rates
compared to the national growth model reflect the large
number of  Kauri 2000 sites on the difficult hill country
that was typical kauri-dominant forest in the Coromandel
and other northern regions of  New Zealand (e.g. Burns
and Leathwick 1996). These sites are characterised by
skeletal hill soils, many of  which had been repeatedly
burnt and eroded from decades of  marginal pastoral land
use. The method of  inter-planting kauri within a
regenerating cover of  native shrub species mimics natural
regeneration processes. Kauri planted on exposed sites
without shelter afforded by an existing cover of  shrub
species would result in complete failure.

Summaries of  the growth performance of  Kauri 2000
plantings will be included in the Tãne’s Tree Trust
Indigenous Plantation Database that is currently being set
up. This will be available on the TTT website with a link
to the Kauri 2000 website.

It has been the regular maintenance of  plantings by Kauri
2000 that has contributed to high survival, particularly
control in early years of  grass invasion on open sites and
regrowth of  bracken and vigorous woody shrub species
on inter-planted shrubland sites. Work plans for each site
with updated information provides an ongoing record of
the location and management status of  each plantation
that facilitates efficient monitoring and maintenance.

Studies in natural stands clearly show that kauri suppressed
by overhead shading grow very slowly (e.g. Burns and
Smale 1990). With full overhead light, sapling and pole
kauri grow rapidly. With the Trust’s older inter-planted
kauri now over 3 m in height, occasional checking to keep
tops free of  overtopping vegetation will ensure planted
kauri will benefit from the rapid sapling and pole growth
phase.

To contact the Kauri 2000 Trust or to make a
donation to help restore kauri on the Coromandel:

Email: info@kauri2000.co.nz
Phone: 64 7 866 0468   Fax: 64 7 866 0459
Postal:    Kauri 2000 Trust

P O Box 174, Whitianga, New Zealand

Kauri recently planted at Waikawau Bay in the northern
Coromandel.



Establishing a native
production forest -

Rewanui Forest Park, Wairarapa
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Technical Article No. 10.7

T
INTRODUCTION

     he Montfort Trimble Foundation is a Wairarapa-
based trust dedicated to growing trees for the benefit
of  local people. It owes its existence to a legacy
bequeathed by local identity Dr Montfort Trimble
early last century. The Foundation has over the last
five years established plantations of  15 native tree
species at their Rewanui Forest Park located near
Masterton. These include most of  the common native
conifer and hardwood trees. All species have timber
potential and are highly prized for their timber quality
and specialty uses.

In a joint project with Tãne’s Tree Trust, the
Foundation has been monitoring the early performance
of  these native trees, which are planted on pastoral

hill country typical of  the eastern North Island.
This article firstly describes the origins of  the Montfort
Trimble Foundation, and secondly provides an insight
into the planting, monitoring and early growth of  the
newly established native plantation resource at Rewanui
Forest Park.

Ian Campbell, Chair of Montfort Trimble Foundation, and
Peter Berg, Deputy Chair of Tâne’s Tree Trust, discuss the
native species planting trials at Rewanui Forest Park.
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The Montfort Trimble Foundation and Rewanui
Dr Montfort Trimble was a Masterton lawyer, and was very concerned with environmental issues,

particularly the rate at which the native forests were being depleted. In 1940 Dr Trimble left a bequest
to the Masterton County Council for the purposes of public afforestation. This led to the purchase of 127
hectares of flat scrub-covered land north of Masterton (now known as Trimble Forest, Figure 1) which
was planted in radiata pine (Pinus radiata).  When the second crop of trees on this land was ready for

harvest the County had merged with other local bodies to form the Masterton District Council. It was at
this time that the Montfort Trimble Foundation was formed by an Act of Parliament to take over the

forest and continue to manage the bequest on behalf of the trustees of the Trimble Estate.

The Montfort Trimble Foundation has a range of objectives to promote public afforestation including ...

“… the production and care of tim ber for econom ic purposes, the provision of a supply of tim ber for

public w ants, and the conservation of native and com m ercial forests”.

In 2004 the Foundation bought a farm ’Rewanui‘ using the proceeds from harvests at their Trimble Forest.
Rewanui was a typical hill country sheep and beef farm 23 kilometres east of Masterton (Figure 1).

The 334-hectare property includes productive flats, hill grazing land (some reverting to scrub), young
pine plantations and 70 hectares of native forest remnants.

When the Foundation bought Rewanui members debated what the best long-term land-use would be
with a vision extending over 100 years. They concluded that the more productive areas would likely stay
in pasture but that trees were an option for some of the poorer grazing land. Restoring the native bush
was identified as a priority, so livestock were soon fenced out of the bush and an intensive animal pest

control programme put in place.

The Foundation has now embarked on a programme to develop the farm as a trial and demonstration
property with a focus on new ways of integrating trees into hill country livestock farming systems. Trials
have been set up to evaluate a range of alternative tree species to radiata pine, including both native and

exotic species. The property, now called Rewanui Forest Park, is open to the public all year.

The public and interest groups such as the NZ Farm Forestry Association are encouraged to use Rewanui Forest
Park for recreation and education. Part of the vision of the Montfort Trimble Foundation is to share knowledge

about growing trees, the production of timber and the many other benefits arising from trees on farms.
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Site characteristics

The area at Rewanui Forest Park planted with native
trees is moderately steep and has two distinct soil types.
The upper slopes are derived from decaying greywacke
rock while the lower section comprises unstable mudstone.
Small stands of  each species were planted on both soil
types. Livestock were fenced out of  the trial area before
planting. The trial area is a mosaic of  open grassed areas
and patches of  regenerating kanuka (Kunzea ericoides)-
dominated shrubland.

ESTABLISHMENT OF NATIVE TREES

Planting trial

In 2006, 15 species of  native trees all with timber-
producing potential were planted in 32 blocks of  about
50 trees in each.  Each species block comprises a single
species.

Native trees were planted into one of  three site types
based on degree of  shrubland cover:

(i)   open pasture – trial trees planted a minimum of  five
metres from an existing established kanuka stand
or tree;

(ii)  shade site – trial trees planted along the edge of
existing kanuka, and hence subject to at least partial
shade; or

Figure 1: Location of Rewanui Forest Park east of Masterton,
Wairarapa, where the Montfort Trimble Foundation is establishing
plantations of native timber trees. The exotic production Trimble
Forest to the north of Masterton is also shown.

(iii)  canopy site – trial trees planted within a stand of  existing
kanuka, but usually where the overstorey was light or
where there was a small light well at time of  planting.

Native trees were planted into one of three site types based on degree of shade and shelter provided by naturally regenerating
kanuka. These were open pasture sites; semi sheltered sites along the edge of shrubland; and within small canopy gaps or light
canopy cover of kanuka.
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Grassed sites were spot-sprayed before planting of good quality native tree seedlings such as these recently planted white maire
(Nestegis lanceolata).

Trees building resilience on hill country farms
From 2008 to 2011, Rewanui Forest Park hosted a Sustainable Farming Fund project. This project
enabled the Montfort Trimble Foundation to lay the groundwork for long-term research into the
role of trees in building resilience on hill country livestock farms.  Intensive biodiversity
monitoring formed a core component of the
project, and the Foundation now has excellent
baseline data for Rewanui’s native flora, birds,
invertebrates and reptiles, plus pest-animal data.
Information about the economics of establishing
trees and carbon farming opportunities was also
produced.  A series of information notes
describing the outcomes of the SFF project is
provided on the Foundation’s website:
www.trimblefoundation.org.nz/resources

Species planted

Of  the 15 native tree species planted, six were conifers
and nine were hardwoods (Table 1). Some species were
not native to the region such as kauri and puriri. Planting
stock was obtained from a number of  nurseries and was
mostly raised as container stock in PB3 planter bags.

Location of  the planted blocks is shown in Figure 2.
Some species have been planted on all three site types
(e.g. totara), while others may only be in one or two site
types (e.g. rewarewa).

Maintenance

Trees have been kept free of  competing vegetation by
knapsack spraying with herbicide. This continues until
the trees are above the height of  competing vegetation.
Trees are marked with a fibreglass pole to ensure they
can be easily located during maintenance operations. Dead
trees were replaced within the first two years of  planting
but there has been no further blanking since then.

4

Site preparation

These grass-dominated planting spots were sprayed with herbicide using a knapsack before planting. The blocks are
irregular in size and shape with trees planted a minimum of  two metres apart ensuring suitable planting sites were selected,
rather than planting in a rigid pattern.



A plastic numbered tag attached to a
fibreglass stake placed next to each

tree allows for easy relocation for
maintenance and monitoring.

Annual assessment of planted native
trees involves tallying the survival,
measuring tree heights and stem
diameters, and recording plant vigour
for each species.

Figure 2: Location of the 15 blocks of native timber tree
species planted at Rewanui Forest Park. Native trees have
been established on a range of hill country sites including in
the open and within a light canopy of naturally regenerating
kanuka.

Maori or
common name

Rimu
Totara
Kahikatea
Kauri
Matai
Miro

Black beech
Red beech
Silver beech
Rata
Tawa
Kowhai
White maire
Rewarewa
Puriri

Botanical name

Dacrydium cupressinum
Podocarpus totara
Dacrycarpus dacrydioides
Agathis australis
Prumnopitys taxifolia
Prumnopitys ferruginea

Nothofagus solandri
Nothofagus fusca
Nothofagus menziesii
Metrosideros robusta
Belschmeidia tawa
Sophora tetrapathea
Nestegis lanceolata
Knightia excelsa
Vitex lucens
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MONITORING OF PLANTING
TRIALS

A comprehensive trial monitoring system has been set
up at Rewanui by the chairman of  Montfort Trimble
Foundation, Ian Campbell. Each tree is individually
identified with a numbered plastic or aluminium tag
attached to the fibreglass pole. In addition, the location
of  each tree has been recorded by taking a bearing from
a permanent wooden peg placed in the centre of  each
plot.

Trees have been assessed annually for:

survival;

tree height;

diameter of  the stem at ground level (root collar
diameter – RCD);

diameter at breast height (DBH; 1.4 metres) once
the tree is tall enough; and

plant vigour (a subjective assessment on a scale of
1 to 5, where 1 is poor and 5 excellent).

The data gathered are entered into the database and
analysed using software developed specifically for the
Rewanui planting trial. A graphic of  each planted block
is generated that provides ‘at-a-glance’ information about
the block and an indication of  the performance of  each
planted tree (Figure 3). The software and plot graphics
along with access to the growth data are available
free on the Montfort Trimble Foundation website:
www.trimblefoundation.org.nz.

The trials will continue to be regularly monitored for
survival and growth. Observations indicate that open
planted seedlings tend to have a greater proportion of
plants with double leaders and coarse branching,
particularly totara and the beeches. Form pruning of
double leaders and steep angle branches to improve tree
form has been started on the totara and will be undertaken
on other species as necessary.
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A preliminary analysis of  the first five years’ performance
of  natives since establishment at Rewanui indicates most
species have high survival and growth rates. Performance
is similar to plantations assessed in the Tãne’s Tree Trust
Indigenous Plantation survey (refer to previous articles
in Section 10 of  the Tãne’s Tree Trust Handbook).

Survival

Overall survival has been very high, ranging from 69%
for tawa to 99% for totara. Species with less than 80%
survival up to five years after planting included black
beech, kahikatea, kauri, puriri, red beech and tawa. The
high survivals of  most of  the major podocarp timber
species (totara, rimu, matai, miro) is consistent with high
survivals in many early forestry planting trials and
operational plantings over the last several decades (e.g.
Pardy et al. 1992; Beveridge and Bergin 1999).

Growth

The fastest growing native conifer was totara (Figure 4).
Red beech had the fastest increment over the five years
since planting at over 2 metres in height on average
followed by kowhai (Figure 5). There was no appreciable
increase in height of  tawa. Red beech, silver beech,
rewarewa and white maire have grown slowly, even
though the latter species was planted as tall seedlings.

EARLY PEFORMANCE OF PLANTED NATIVES

The fastest growing species, red beech and totara, reflect
performance of  these species in the recent Tãne’s Tree
Trust survey of  indigenous plantations (refer Handbook
Articles No’s. 10.2 & 10.3), with annual increments
of  at least 30 cm in height and 5 mm in diameter.

The poor performance of  some species is probably due
to a range of  factors. For example, some kahikatea planted
on upper drought-prone slopes are unthrifty; the plant
vigour of  kowhai has been affected by insect attack and
defoliation; as a late-successional species, tawa is
performing poorly on open or partially sheltered sites;
and growth of  kauri is limited probably because Rewanui
is well south of  its natural range.

Site preferences

Even at this early stage, relative performance of  species
planted on the three site-types at Rewanui indicates the
ecological preferences of  some species. For instance, the
light-demanding totara is growing best on the open sites
compared to the shade and canopy site. Conversely, growth
and vigour of  both rimu and puriri reflect these species
preference for some shade and shelter particularly as
seedlings.

Figure 3: Graphical layout of
each block of native tree species
planted at Rewanui Forest Park
along with growth performance

by individual tree. This
information is updated after each
remeasurement and available

on the Montfort Trimble
Foundation website.

Individual tree
location, plus growth
bar for that tree.

Management history

Colour of circle shows
whether the tree is in open,
shade, or under canopy.

Colour height and
width, and angle on
top of vertical bar
provide information on
height, growth rate,
and vigour.

Plot summary data.

Height data showing
range (max and min

heights) and averages
over several years.
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Red beech planted at an average
seedling height of 50 cm have grown
the fastest with a mean height 5 years
after planting of nearly 2.5 m.

Figure 4: Mean height of conifer species planted for up to 5 years at the Rewanui Forest Park.

A puriri planted in a small gap in
regenerating kanuka is growing well.

Performance of rimu is better where some
side shelter is provided by regenerating
kanuka shrubland.

Figure 5: Mean height of native hardwood species planted for up to 5 years at the Rewanui Forest Park.
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CONCLUSIONS – THE FIRST FIVE YEARS

The high overall survival and growth of  most native species planted at Rewanui is due to the timely and thorough
maintenance of  the plantings. Poor weed control has been the single biggest killer of  planted native trees and
shrubs in planting programmes throughout the country over the last century (Bergin and Gea 2007). Early
performance is generally high across both native conifer and hardwood plantings at Rewanui reflecting:

matching of  appropriate species and planting sites for most species;

good site preparation;

timely and consistent weed control; and

ongoing pest animal control and exclusion of  domestic stock.

Features of  the native tree plantings at Rewanui are the intensive monitoring of  seedling survival and growth,
well-documented planting plans, and excellent data capture and collation. This detailed information is seldom
available in plantings of  native species. The native species trials at  Rewanui are also included in the Tãne’s Tree
Trust national database.

These are early days for the native species trials at Rewanui but already there are some interesting results. As
monitoring continues these trials will be of  increasing benefit to others interested in establishing a native
production forest. This is compatible with the long-term vision of  the Monfort Trimble Foundation for the
Rewanui Forest Park to expand the training, educational and research use of  the farm and indeed meet the
intent of  the original benefactor…

“...for the purposes of  public afforestation”.
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Management of Naturally 
Regenerated Totara on Farms
    - thinning and  pruning
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Technical Article No. 11.3

    otara (Podocarpus totara) is a prominent feature of  
the rural landscape in many regions throughout 
New Zealand. Scattered trees and groves of  
young naturally regenerated totara are common in 
productive pasture from Northland to the southern 
parts of  Southland (Bergin 2003). 

In Northland regeneration of  totara on farmland 
is so prolific that many landowners regard it as a 
weed. Naturally regenerated totara stands in this 
region have the potential to provide a sustainably 
managed resource of  high-value and high-quality 
specialty timber. Management of  such stands by 
thinning and pruning should improve growth rates 
and tree form. 

Integrating totara into our pastoral landscapes 
provides a range of  other benefits such as enhancing 
indigenous biodiversity, providing shelter for stock, 

and improving erosion control on steep hill 
country. Promoting the further establishment, 
development and management of  totara forests 
is an appropriate sustainable land use option in 
many areas.

This article considers the management potential 
of  naturally regenerated totara and provides 
results from silvicultural trials established by the 
Northland Totara Working Group in pole stands 
on farms. The performance of  these stands 
five years after they were thinned and pruned is 
summarised and recommendations are provided 
to assist landowners in the management of  
regenerated totara on farmland.
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Naturally 
regenerated totara 
is a feature of 
pastoral hill country 
in many regions 
including Northland.

Stands of totara regenerating along riparian areas 
are common on farmland throughout New Zealand 

including this stand at Takaka, Golden Bay, 
northern South Island.

◄

►

Naturally regenerated stands of  totara are found in 
many pastoral areas throughout New Zealand (Wardle 
1974). Low palatability to stock and the ability to 
regenerate on marginal hill country are key attributes 
that have contributed to the widespread distribution of  
totara in our modified landscapes. 

Most of  these stands range in age from 50-120 years 
and are the result of  regeneration since original forest 
clearance for agriculture. Totara occurs as scattered 
trees or in groves, along fencelines and roadsides (Esler 
1978), in more extensive regenerating stands in scrub 
on hill country, and along riparian areas and river flats 
where it is sometimes mixed with kahikatea (Dacrycarpus 
dacrydioides) (e.g., Duguid 1990; Wardle 1991). 

In Northland, totara readily regenerates on steep hill 
slopes in pasture where some grazing pressure exists 
(Bergin 2001). As it is relatively unpalatable to stock, 
invasion on steep slopes can become a problem 
for landowners who wish to retain land in pasture. 
Regeneration in pasture is often in the form of  dense 
totara-dominant stands but there are substantial areas 
of  reverting shrubland with various proportions of  
totara, kanuka (Kunzea ericoides), manuka (Leptospermum 
scoparium) and gorse (Ulex europaeus). 

NATURALLY REGENERATED STANDS

Totara is found 
regenerating on 
farmland often 
in mixture with 
other relatively 
unpalatable 
species such as 
manuka, kanuka 
and gorse. 

A familiar site along many rural roads in New Zealand 
is totara regenerating along fencelines from bird 
distributed seed.
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Scope for management

The abundance of  totara on reverting marginal hill 
country provides a considerable resource with the 
potential to be managed as a future long-term supply 
of  specialty timber. Totara has timber qualities that are 
highly valued both for traditional and contemporary 
uses (Bergin 2003). With most sources of  old-growth 
totara suitable for timber now exhausted or in reserves, 
there is wide interest in establishing and managing 
totara for market and non-market benefits (e.g., 
Forest Research Institute 1997). Wood from naturally 
regenerated totara on farms is widely used in Northland 
where it is regarded as an excellent native timber that is 
relatively easy to mill, dry, work and finish for a range 
of  high quality uses, and therefore considered to have 
good market potential (Quinlan 2011).

Naturally regenerated totara-dominant stands in 
Northland eventually develop into highly stocked pole 
and semi-mature stands that thin naturally (self-thin) 
over time (Bergin 2001). However, severe competition 
results in very slow growth rates in unmanaged stands. 
Improved stem diameter growth rates are expected to 
be achieved by thinning which can increase the growth 
rate of  individual trees through the redistribution and 
concentration of  a site’s growth potential on fewer 
stems. The growth of  selected crop trees can be 
enhanced by the removal of  suppressed and dying trees 
along with malformed or otherwise undesirable trees.

Interest in management of regenerated stands of totara is 
high amongst land owners and farm foresters. 

Form pruning of a naturally regenerated totara pole with a 
double leader.

SILVICULTURAL TRIALS

Long term silvicultural trials were established in 2007 
in naturally regenerated totara-dominant pole stands 
on farmland by the Northland Totara Working Group 
(refer box Page 4). The aim of  these trials was to 
determine optimum thinning levels to boost growth 
and to compare strategies for pruning to improve stem 
form. These trials have recently been re-measured five 
years after their establishment. 

The trials were set up in collaboration with landowners,  
Scion and the Diversified Species theme of  Future 
Forests Research, with support from the Ministry 
of  Primary Industries’ Sustainable Farming Fund, 
Northland Regional Council, Far North District 
Council, and Tāne’s Tree Trust (Bergin 2008).
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Trial areas

The trials were located in 
three Northland districts – 
Whangarei/Glenbervie, 
Kaeo/Okaihau and Herekino 
(Figure 1). Depending on 
stand size, two or more 
Permanent Sample Plots 
(PSPs) were established within 
each of  14 stands at 9 farm 
sites across the three districts. 
This allowed establishment 
within each stand of  a control 
PSP with no silvicultural 
treatment along with one or 
more thinned and pruned 
PSPs, thus allowing a direct 
comparison of  the effects of  
silviculture to be made against 
an unmanaged stand. A total 
of  38 PSPs were established.

Figure 1: Location of sites within clusters in 3 Northland areas where 
PSPs have been established in naturally regenerated totara stands. 

The Northland Totara Working Group (NTWG) was formed in 2005 
to promote the management of naturally regenerated totara trees on 
farms for both timber-production and for environmental benefits in 
Northland. The group is represented by a wide range of stakeholders 
and has gained national profile due to the interest in managing 
regenerating totara. 

Northland Totara Working Group

Stakeholders include Tāne’s Tree Trust, the NZ Landcare Trust, local landowners in 
Northland, the NZ Farm Forestry Association, the Northland Regional Council and 
local district councils, wood millers and processors, research providers, Enterprise 
Northland, and the Indigenous Forestry Unit in the Ministry for Primary Industries.

Promoting the sustainable management of totara for commercial wood use is seen 
as an effective incentive to develop this resource on private farmland integrated with 
current agricultural land uses, an outcome that will also lead to many environmental 
and landscape benefits. Development of an industry based on this sustainable 
land-use option is the longer-term vision.
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TREATMENTS AND 
MEASUREMENTS

All PSPs were measured in 2007 before any silviculture 
using the methods of  Ellis and Hayes (1997). Diameter 
at breast height (DBH at 1.4 m above ground) was 
measured for all stems with DBH ≥50 mm. Heights of  
a sample of  canopy trees were also measured.

Before thinning, mean DBH ranged from 10-23 cm 
and mean tree height from 6-14 m. The thinned plots 
were re-measured immediately following silviculture. 
All plots were re-measured five years later in 2012.

Analysis of  tree growth

A height-diameter function was fitted for each PSP 
measurement to enable heights of  all trees to be 
estimated. As no specific volume function has been 
derived for totara, the function developed for pole rimu 
by Ellis (1979) was used to give an approximate stem 
volume for each tree using the measured DBH and 
estimated height. 

Stocking of  stems ≥50 mm in DBH, and mean height, 
DBH stand basal area and volume was then calculated 
by species for each PSP measurement. Annual volume 
and DBH increments were calculated for each PSP 
over the 5-year period. The effect of  thinning on the 
growth increment was tested using analysis of  variance 
(ANOVA), comparing thinned plots with the non-
thinned control plots. 

Size/density chart

Size/density charts, where the mean DBH is plotted 
against stand density on a log-log scale, are useful tools 
that can be used to assist with decisions regarding 
the timing and intensity of  thinning (Reineke 1933). 
A size/density chart was developed for totara, using 
measurements from the thinning trials along with 
additional data from naturally regenerated stands in 
Northland. 

Using this chart, a line indicating the maximum stocking 
that can be maintained for a given mean DBH was 
derived for the species. Overseas experience suggests 
that for a wide range of  species, stands benefit from 
thinning when the stocking is greater than 55% of  the 
maximum, and that stands should thinned down to 
25% of  the maximum stocking. Based on these rules, 
a thinning schedule table was developed for totara 
providing the stocking above which a stand should be 
thinned, and the stocking it should be thinned down to, 
tabulated against mean DBH.

THINNING AND 
PRUNING

Stands were thinned from densities of  over 6000 stems 
per ha to levels of  stocking ranging from 800-2000 
stems per ha. This equated to a reduction of  25-74% 
of  stems ≥50 mm DBH. This level of  thinning was 
considered to be fairly conservative due to concerns 
about stand stability after treatment. Selection of  trees 
for thinning was influenced by natural variation in 
spacing, species composition and tree size, with smaller 
diameter trees and those with poor form selected for 
felling. 

Form pruning involved removing all branches from 
2-8 m above ground level on all residual crop trees, 
including multiple leaders and larger steep-angled 
branches. Height of  pruning was determined on tree 
height, with the aim of  retaining at least one third of  
the green crown.

Thinning underway within Permanent Sample Plots established 
in naturally regenerated totara pole stands in Northland - Kaeo, 
Far North (above), and Glenbervie (below). 
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Trees within thinned plots were pruned up to 8 m high. 
Pruning height was determined on the basis of leaving 
a minimum of one-third of the green crown. 

Cross-sectional discs were taken from a sample of trees 
felled during thinning operations to obtain growth ring 
counts to estimate stand age. 

Thinning of dense naturally regenerated totara stands 
involved removing some of the larger dominant trees as 
well as poorly formed and smaller diameter trees to achieve 
reductions in stocking of up to 50%. 

Estimated age of  stands

Basal discs sampled from felled trees were used 
to obtain growth ring counts to estimate tree 
age based on methods described by Bergin 
and Kimberley (2012). Assuming growth rings 
are annual, estimated ages of  thinned stands 
ranged from 47-95 years. The wide range in 
ring counts in stands indicated a significant 
period of  recruitment of  up to 30 years.

GROWTH RESPONSE TO THINNING

Volume increment

Over the five years since trial establishment, volume 
growth of  live trees has been significantly higher and 
mortality significantly lower in thinned compared with 
unthinned plots (Figure 2). The combined effects of  
greater growth and lower mortality has resulted in an 
average net volume annual increment in thinned plots 
of  7.7 m3/ha/year, more than double that of  unthinned 
plots at only 3.1 m3/ha/year, and this difference is 
statistically highly significant (p=0.0035). 

We can conclude that by reducing competition through 
the removal of  suppressed and malformed trees, 
thinning has improved the growth of  remaining trees 
and also reduced mortality. The ability of  totara to 
respond to thinning is clearly shown by the fact that the 
gross annual increment (i.e., the growth of  trees live 
at the end of  the 5-year period) was greater in thinned 
than unthinned plots, despite the latter having a greater 

number of  trees per hectare. Reduced competition in 
thinned stands has almost eliminated natural mortality 
which is particularly encouraging as there was concern 
that the more open thinned plots might suffer increased 
windthrow. 
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Diameter increment across sites

DBH periodic annual increment averaged 
across all  sites for thinned and unthinned plots 
is shown in Figure 3 for the 800 largest diameter 
totara trees per hectare and for all measured 
totara trees (i.e., those with DBH greater than 
50 mm). The comparison based on all measured 
trees is somewhat misleading as unthinned 
plots tend to contain larger numbers of  smaller, 
slower-growing trees compared with thinned 
stands where many smaller trees were removed. 
The comparison based on the largest 800 trees 
per hectare gives a more accurate indication of  
how thinning has affected the growth rate of  
potential crop trees. 

For the 800 largest diameter trees per hectare, 
DBH periodic annual increment in thinned 
plots averaged 4.5 mm per year, compared 
with 2.8 mm per year in unthinned plots. This 
difference was statistically highly significant and 
shows that diameter growth rates of  individual 
trees in thinned stands have been significantly 
boosted by the reduced competition.

Diameter increment by site

At all sites, growth rates in thinned plots were 
faster than in unthinned plots, although there 
were differences between sites in this response 
to thinning ranging from 23-164%. Responses 
to thinning were found both in a slower-growing

Figure 3: DBH periodic annual increment averaged across all sites 
for thinned and unthinned plots over the five-year period since 
thinning. Means are shown and for the largest 800 diameter trees 
per hectare for all measured totara trees. Error bars show standard 
errors.
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Figure 2: Periodic gross annual volume increment (PAI) per hectare, 
mortality, and net volume increment (combined growth and mortality) 
for control and thinned plots across all sites over the 5-year period 
since thinning. Error bars show standard errors.

stand where mean annual increment in DBH 
increment increased from 1.7 mm to 3.8 mm, 
and in a faster-growing stand where it increased 
from 4.5 mm to 7.2 mm. Further work is 
required to determine if  differences in site 
characteristics such as fertility, drainage and soil 
type may influence growth rates and responses 
to thinning. 

A basal disc sampled of a felled totara 
from a naturally-regenerated totara stand 
which had been thinned five years earlier. 
Note the increased growth in response to 
thinning with the outer four rings each up 
to 5 mm wide compared to inner rings at 
only 1-2 mm wide. 
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The unthinned control plot (left) has a stocking of 2500 stems per hectare compared to the adjacent thinned plot (right) where 
stocking has been reduced to 1200 stems/ha.  

SIZE DENSITY CHART FOR TOTARA – A FIRST

What is a size/density chart?

For many years, foresters in North America have used size/density charts to assist with decisions 
regarding the timing and intensity of  thinning (Reineke 1933). In a size/density chart, the quadratic 
mean DBH is plotted against stand density on a log-log scale. A line representing the maximum stocking 

that occurs naturally for any mean DBH can be drawn on the chart.

North American studies suggest that inter-tree competition begins at about 25% of  maximum stocking, 
and becomes severe when it exceeds 55%. These values can therefore be useful to judge whether a 
stand will benefit from thinning and to determine the intensity of  thinning required. If  a stand is above 
the 55% maximum stocking line, it can be inferred that it will benefit from a thinning, and the thinning 

should be planned to lower the stand to the 25% maximum stocking line. 

However, for fast growing stands, thinning may be justified at a lower threshold than 55%, especially 
if  maximising diameter growth is a target. Further trials testing different thinning thresholds could 

confirm if  lower thinning thresholds are desirable.
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Figure 4: Size/density chart showing thinned and unthinned stands. Each line shows the 
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Data from the Northland trial have been used 
to derive a maximum stocking line for naturally 
regenerated totara for the first time. In Figure 
4, the unthinned plots are clustered on either 
side of  the line representing 55% of  maximum 
stocking, and are growing slowly and suffering 
mortality. This can be inferred from the fact 
that the lines representing these plots typically 
show a decrease in stocking between the initial 
measurement (right end of  each line) and the 
recent measurement (left of  each line). Also, 
when DBH increases in unthinned plots over the 
five-year period, this is invariably accompanied by 
mortality, and the DBH increase largely reflects 
mortality of  smaller trees. 

After thinning, most of  the thinned plots are 
positioned below the line representing 25% of  
maximum stocking, suggesting these thinnings 
were fairly aggressive. However, five years 
after thinning, most plots are approaching or 
have crossed the 25% line. In most cases, plots 
thinned to the 25% line or below, show a clear 
response to thinning. They show little evidence 
of  mortality (i.e., the lines are vertical indicating 
that stocking did not change over the 5-year 
period), and generally have faster DBH growth 
than unthinned plots.  
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RECOMMENDED THINNING SCHEDULE

Based on the analysis of  growth over the first 
five years since thinning, a recommended 
thinning schedule for young naturally-
regenerated totara-dominant pole stands has 
been developed (Table 1). This table is a guide 
for determining if  a stand would benefit from 
thinning and the target post-thinning stocking. 
The schedule is derived on the assumption that 
stands with stocking greater than 55% of  the 
maximum that can be maintained for a given 
mean DBH would benefit from thinning, and 
that a suitable target stocking is 25% of  the 
maximum. 

The table shows, for example, that a stand with 
an average DBH of  16 cm would benefit from 
thinning if  its stocking is greater than 3,300 
stems/ha and should be thinned down to about 
1,500 stems/ha. Thinning usually involves the 
removal of  poorly formed trees and non-target 
species, followed by the removal of  small and 
suppressed trees which can cause an increase in 
mean DBH. When the target stocking has been 
achieved, a sample of  trees should therefore be 
measured to check whether the thinning has 
resulted in a significant shift in the stand’s mean 
DBH which may mean that further trees should 
be thinned to achieve the target stocking.

Table 1: Recommended thinning schedule for young naturally 
regenerated totara-dominant pole stands. For any given quadratic 

mean DBH*, a stand with stocking greater that the 55% of the 
maximum should be thinned down to the 25% of the maximum.

Mean DBH* 
(cm)

55% of maximum 
stocking 

(stems/ha)

25% of maximum 
stocking 

(stems/ha)

6 21,640 9,837
8 12,492 5,678

10 8,157 3,708
12 5,758 2,617
14 4,290 1,950
16 3,324 1,511
18 2,654 1,207
20 2,171 987
22 1,809 822
24 1,532 696
26 1,315 598
28 1,141 519
30 1,001 455

 
*The quadratic mean DBH is obtained by measuring all stems greater than 50 
mm DBH, and then calculating the square root of the average of the squared 
DBH.

A Permanent Sample Plot within a naturally-regenerated pole stand near Whangarei, thinned five years previously from 
3000 stems per ha to 1600 stems per ha. Average height of trees is 9 m and DBH 16 cm after thinning, similar to the target 
stocking of 25% of the maximum indicated in the recommended thinning schedule (Table 1). 
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FURTHER RESEARCH

The results of  this project highlight several areas requiring further research. These include: 

•	 Determining the factors that account for variability in growth and the response to thinning between 
sites. This is likely to be related to a combination of  the different intensities of  thinning and site type. 
A comparative analysis of  growth response to site fertility, soil type and possibly drainage could lead to 
more precise growth models and silvicultural regimes. 

•	 The size/density chart confirms that some stands were not thinned sufficiently, and the lack of  windfall in 
thinned stands indicates that regenerating pole stands of  totara can be intensively thinned. Determining 
maximum growth rates by testing more aggressive thinning treatments should be undertaken. 

•	 These silvicultural trials focussed on only one portion of  the totara resource, i.e., relatively young, dense 
totara-dominant pole stands on farms with mean DBH from 15-23 cm. Further trials are required 
in older totara stands with larger diameters, including harvest-sized trees. This will allow extension 
of  growth models based on a range of  thinning options across the full age/size range of  naturally 
regenerated totara on farmland.

•	 Another priority is to develop a species-specific volume equation for pole and mature totara utilising 
logs recovered from future thinning trials, especially in older stands. 
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CONCLUSIONS
These silvicultural trials clearly indicate that thinning of  naturally regenerated pole stands 
of  totara on farms improves growth rates of  the remaining trees and reduces mortality. 
A thinning schedule has been developed from these trials to assist landowners in making 

practical decisions about thinning intensities within their totara stands. 

While the distribution of  regenerating totara in our productive landscapes largely reflects 
current land-use practice, totara was once a component of  native forest in most parts of  
the country. There is excellent potential for planting totara across a wider range of  sites, 

not just those where it is now relatively abundant. Totara is one of  the most widely planted 
native trees in New Zealand. Examples of  planted totara stands assessed during the Tāne’s 

Tree Trust Indigenous Plantation survey are reported in Section 10 of  this Handbook.
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