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The New Zealand forest industry is thriving amid
global disruption. As a forest owner I cannot
help but feel optimistic. Prudently I remind
myself that perfect storms probably occur
at least as often as golden weather, but that
should not prevent celebration of our present
opportunities. However we should use the
current good fortune to strengthen the industry
for adversity as well as for even greater value.
Stephen Franks, Chair,
Forest Growers Levy Trust

As a new Chair of the Forest Growers Levy Trust, I should briefly introduce myself. I am a lawyer, but have been an
investor in growing forests for 30 years. My first forest investment was through a typical managed partnership, in a
mixed age Marlborough forest. That was closely followed by buying Waitotara land for planting with several others
including an experienced farm forestry manager. The biggest interest is in Wairarapa where land bought for forestry
was eventually not planted because of potential post-harvest erosion risk, and transport distance. Apart from an area
of virgin native forest, it now looks suitable for carbon sink planting, though the valuable mānuka now regenerating
on former pasture means the land is still productive.
I am appreciating getting to know the forest research sector intimately.
While enjoying the current industry buoyancy it is humbling to recall how unreliable our recent predictions and
expectations were. Eighteen months ago, the Forest Growers Levy Trust decided to go into deficit if necessary to
maintain continuity of our research programmes, but we had contingency plans for serious retrenchment. We feared
that market demand for forest products might collapse as lockdowns in some places almost halted building, and
Covid-19 uncertainty shrank investment confidence everywhere. Lockdown effects on unloading (and business) in
China and the stand-down of logging crews here created a few months of severe worry for people harvesting our
forests.
But instead, people around the world turned to improving their homes, and other activities that require wood.
Despite transport and other supply chain disruption, both demand and prices rapidly recovered from temporary
drops. And to add to the high, climate change has come to the forefront. The price rise for emission trading units
tells the story even without the Climate Change Commission’s release of its advice to government. It says to rely on
substantially increased afforestation for an interim strategy to meet emissions reduction targets over the next 30
years, offsetting the unavoidable continuing emissions from fossil-fuel based transport during a transition to less
carbon intensive fuels.
The Covid experience has revived awareness of the critical role of science and innovation in maintaining prosperity,
health and security. The Forest Growers Levy Trust regards its funding of research as its most important function.
We can’t expect other countries’ scientists to give the necessary attention to the species of vital importance to our
levy payers, in New Zealand conditions. We have to be able to pull our scientific weight credibly, even to stay in the
relevant international conversations.
The levy supports applied research – for example in disease detection and diagnosis, mechanisation and automation
of our harvesting sector, and development of tools for fire-risk mitigation – and more theoretical advances – for
example in remote sensing technologies and work exploring the tree microbiome. Research which delivers resilient
forests – forests which will remain productive, profitable and meet environmental and social goals – is likely to serve
the best interests of all forest growers over the long term.
The Covid pandemic has given the team of 5 million a practical and unmissable reminder of our dependence on
cutting-edge science. Without the remarkable speed to deployment of novel testing, then vaccines, benefitting from
genetic research, some of the worst fears for the world economy might have been closer to the mark.
This ‘bio-security incursion’ has also shown some of the risks or limits of reliance on global supply without local
strategic capacities. Countries which lack their own science and manufacturing capacity to protect against diseases,
or which cannot mobilise strategically to secure what is necessary, can be at the end of vital queues. We have been
lucky not to have paid a terrible price for our shortages of PPE, deficiencies in high-tech hospital equipment and staff
for critical respiratory care, and delays in approving and ordering vaccines.
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But the more reassuring lesson from our experience has been New Zealand’s low level of political exploitation
of the fearful or superstitious anti-science sentiments that in other countries have led to non-trivial anti-vax sentiment.
Two decades ago our Parliament passed laws to placate hostility to ‘genetic engineering’, notwithstanding the reliance
of our economy on keeping up with biotechnology in countries that were embracing it. The Pfizer vaccine applied
science that would have terrified those who denounced ‘genetic engineering’. Yet there has been little or no political
resuscitation of fears that put the precautionary ball and chain on New Zealand’s biological science researchers two
decades ago.
The FGLT hopes that our country’s announced strategy to move cautiously toward a restored normality will extend to
science.
In the longer term, regaining our previous stature as a place for research on which global competitiveness will
depend, will be just as important as regaining travel normality. FGLT may support moves to test and overcome
regulatory barriers that have no sound scientific safety foundation. We must be able to adopt new gene editing
technology allowed in other jurisdictions, but not currently in New Zealand, for example to justify investment in
the Winning Against Wildings Programme (page 11). It is idle for us to be aiming for a predator-free NZ without
confidence that we will be able to deploy the most targeted and efficient technologies.
The Forest Growing Science and Innovation Strategy guides the direction of research, through the FGLT Secretariat
and a Research Committee. They work closely with Scion and other research providers. Research proposals are
screened by an advisory committee chosen to obtain input from growers of large and small forests. Though final
decisions can be made by the Levy Trust Board, ordinarily the committee recommendation is conclusive. Although
funding decisions are made annually, the committee seeks to allocate in accordance with a budget intended to
ensure that worthwhile research projects will not lose funding unexpectedly and can run over a number of years.
Stephen Franks
Chair, Forest Growers Levy Trust

Introduction
The past year has seen considerable
change in the team managing the forest
industries research arm. Long-time
Forest Research Manager, Russell Dale,
finally hung up his hi-vis vest and hard
hat and replaced them with a life jacket
and sun cap. Russell was in the seat for
much of the transition from the old
co-ops to the industry-led organisation
we now have. We have been fortunate
to find an able replacement for Russell
in Bart Challis. Bart was previously
with Scion so understands the science
world well.
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There have also been changes in
the Forest Research Committee.
Long-standing members
Dr Glen Murphy and Peter Oliver
have resigned, and while their
contributions will be missed,
we have taken the opportunity
to broaden the skills on the
committee. Sandra Velarde
currently works in the climate
space and will bring a nonforestry science perspective,
Alex Wilson from MPI, a
government view, and
David Turner, Executive Director
of Sequal Lumber, a perspective
from our customers.
A huge thanks to those who have
departed and a warm welcome
to those joining the team. I would
also like to thank the FGLT for
its continued support of forest
research. The forest industry has
enormous untapped prospects
in both traditional and nontraditional markets, including
energy, climate change mitigation
and other fossil fuel replacement.
Continued investment in research
will play an important role in
helping the industry to take
advantage of these opportunities.

Other things have changed too
since the last Forest Growers
Research Science Report of 2019.
Covid-19 has fundamentally
altered the global landscape
and shown firsthand the power
of research and technical agility.
Covid-19 has also shown how
quickly disruptive forces can
impact societies and economies,
and how unpreparedness can
exacerbate negative outcomes,
even for countries that have
resources and knowledge at their
disposal.
Of course, forestry has its own
set of existential risks, such as the
potential impact from disease,
reliance on chemical use, and
abiotic risks such as fires, floods
and droughts. In this uncertain
world environment, the
New Zealand forest industry
continues to embrace the
challenges of improving forest
value, creating added-value
products, meeting environmental
targets and modernising operating
practices. Through its close links
with industry, the forest research
sector plays a key role in keeping
forest growers on the front foot
and enabling pro-active responses
to the challenges that arise.
The Forest Growing Science
and Innovation Strategy
2020-2035 encapsulates
the industry’s medium-term
ambitions within its three
themes:
• Theme 1: ensuring that
we increase profitability
from our main commercial
species: radiata pine and
Douglas-fir
• Theme 2: ensuring the
long-term sustainability
of commercial forestry
through realising value
from emerging species and
developing new models for
forestry
• Theme 3: future-proofing
commercial forest growing
in New Zealand.
These themes set the
direction for forestry research
and help to articulate why and
where industry is investing.

Research funding by Science
and Innovation Strategy
theme 2020
Theme 1
40%

Theme 3
49%

Theme 1
$2.64M (FGLT), $6.72M total
Theme 2
$450K (FGLT), $1.21M total
Theme 3
$2.38M (FGLT), $5.68M total

Theme 2
11%

FGR funding by research horizon 2021
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 FGR funding ($ million)
Research horizons: RH1 – protect core business (5 yrs or less);
RH2 – extend emerging business (5-10 yrs);
RH3 – create new business (10 yrs+).

The industry’s vision to be New Zealand’s number one primary sector
requires a mix of aspirational and applied research as well as support from
co-investors, particularly government. The support of the Forest Growers
Levy Trust, forest owners, and other research funders is enabling forest
growing research to make an increasingly important contribution to the
forestry sector.
The role of Forest Growers Research is to facilitate and manage all the
resources required to maintain the industry’s momentum towards this vision.
This report provides an overview of our main research programmes and
the research activities being undertaken under our strategic framework.
We trust you enjoy reading about some of the work being done under each
main research theme.
We would like to thank the dedicated scientists and support teams at
our key research providers – Scion, the University of Canterbury, Lincoln
University, Manaaki Whenua Landcare Research and the Marlborough
Research Centre – for the high-calibre research they undertake for the
benefit of the NZ forest industry. In particular, we acknowledge the
efforts made in the face of the challenges posed by Covid-19, which are
not insignificant, particularly in relation to recruiting overseas talent and
collaborating with international research networks.
Bart Challis
Research & Development Director,
Forest Growers Research

Ian Hinton
Chair,
Forest Research Committee
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Resilient Forests
‘Ensuring the long-term economic, environmental
and social sustainability of forestry through
creating forests that are more resilient to future
uncertainty in a changing world.’
The Resilient Forests research programme is
building on the rich heritage of earlier research
part-funded by the Forest Growers Levy Trust.
The programme integrates three themes of
(i) increasing productivity, (ii) enhancing resilience,
and (iii) managing risk and uncertainty.

Puruki Experimental Forest
– a unique long-term research resource.

Resilient forests are sustainable, productive and healthy forests.
The overarching aim of the Resilient Forests programme is to work with our
industry partners to de-risk their forestry management decisions.

INCREASING PRODUCTIVITY
Laser scanning under the forest canopy
Autonomous UAVs flying within the forest capturing
LiDAR data are now becoming a commercial reality.
The challenge for Scion's Robin Hartley is to explore
ways of applying new UAV technologies and utilising
data collected in ways that can contribute to forest
management.

 Hovermap unit flying under canopy.
 Riegl MiniVUX laser scanner attached to one of Scion’s
UAVs, taking off from within a forest stand.

Robin’s team are working with UAV-mounted LiDAR
sensors that navigate beneath the forest canopy
and collect ultra-dense point clouds. The Hovermap
scanner creates point clouds with densities greater
than 1000 ppm2 compared with the 4-20 ppm2
of conventional LiDAR. Simultaneous Location
and Mapping (SLAM) software assimilates data to
characterise tree stems in detail – something which
can’t be done with conventional above-canopy LiDAR.
The team is also testing the limits of above-canopy
LiDAR. By vastly increasing pulse density, they hope to
characterise tree stems with comparable results to a
below-canopy scan.
“We’re working on identifying what gaps in forestry
these technologies can best fill,” says Robin.
“For example, can we deploy these crafts for
mensuration to fill gaps in the labour market, or to
enhance the value of existing inventory crews’ work?”
Robin also sees scope for gains in tree breeding:
by using these tools with advanced phenotyping
techniques, genetic traits of superior trees can
potentially be identified in the forest.

4
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Big data assists estate
management

 Individual tree segmentation.

Phenotyping is the
characterisation of tree growth
in relation to genetics, site,
environment and management.
Scion remote sensing scientist
Dr David Pont and geneticist
Dr Heidi Dungey recently teamed
up with Simon Papps of Hancock
Forest Management. The aim –
to increase forest productivity
by combining phenotyping and
forest management skills.
A grid of the Hancock estate was
compiled at 25m x 25m resolution,
incorporating productivity data
(in this case Site Index and 300
Index), genetics and management
data (from stand records) and
environmental data (highresolution climate and soils layers).

 Hovermap pointcloud of preharvest trial.

“This technology
enables us to
identify the fineresolution drivers
of site productivity,
show where data
limitations lie,
and hint at ways
productivity can
be improved. Uses
include exploring
the effects of
changing climate on
site productivity.”
Simon Papps, Resource
Planner, Hancock Forest
Management (NZ) Ltd.

The ensuing extremely large data
set was analysed using machine
learning techniques. Outputs included a high-resolution prediction of
forest productivity across the estate which matched observed productivity
very closely.
Hundreds of genetic, environmental and management drivers of
productivity were identified, cross-correlated, and ranked by importance.
The top five drivers were usually a combination of stocking, climate, soil
type, and genetic variables.
Future work using big data and machine learning tools could involve
“turning up the resolution even further, even to individual tree level,”
says Dave Pont.
Hancock Forest Estate site productivity (300 Index) information at 25m x 25m resolution.

 Model of stem and branching from
Hovermap data.
Hancock Forest Management
(NZ) Ltd.
F O R E S T G R O W ER S R E S E A R C H 2 0 21 S C I EN C E R EP O R T
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New rapid, low-cost soil and foliage testing
A new low-cost/high-throughput technique to test soil and foliage for planted forest nutrient management will be
ready early in 2022 for forest growers. The technique is being developed at Scion with USA partners. It works through
mid-infrared light (MIR) spectroscopy to predict carbon and a set of nutrients relevant to planted forest growth.
Soil and foliage samples from both the Scion archive and provided by NZ forest growers were used to develop the
technique. The outcome is a rapid, cost-effective testing service for nutrient management. The benefit of using MIR
spectroscopy is that one scan of a sample can be used to predict multiple properties.
"Forest growers will be able to test soils and foliage in greater spatial detail now," says Scion's Loretta Garrett, "and
this will enable more precise nutrient management. High-resolution soils data has been a missing piece of the
puzzle in nutrient management
research. Gaining greater spatial
detail, making ‘big data’, will
allow us to work at the forest
ecosystems level – including
for example, new work on the
importance of micronutrients,
drivers of wood properties, and
the pine microbiome project. This
spectroscopy soil and foliage
testing will fundamentally benefit
both forest growers and research.”

Loretta Garrett with Sunita Jeram (middle) and Catherine Banham (left) who operate
the high-throughput mid-infrared spectroscopy instrument.

Woodwell Climate Research
Center, Massachusetts, USA.

Using hyperspectral
imagery to detect nutrient
deficiencies
Hyperspectral imagery is a remote
sensing tool that has been used
globally for a range of forestry
applications including identifying
nutrient deficiencies, water stress
and disease in trees. The technique
is based on reflectance from forest
vegetation and captures changes
in tree condition sometimes
before they are visible to the forest
manager’s eye.
Scion’s Dr Mike Watt and
colleagues in the Data and
Using a hyperspectral camera to capture reflectance data from experimental trees.
Geospatial Intelligence team are
collaborating with international
researchers to develop this area of science. Scion's work includes identifying and quantifying nutrient deficiencies in
radiata pine, traditionally done using costly and time-consuming in-forest foliage sampling techniques.
An experiment to monitor responses in radiata pine foliage to very precise doses of nitrogen (N) and phosphorus (P)
showed specific hyperspectral signatures depending on nutrient levels. This has enabled the team to produce models
that quantify N, P and photosynthesis – variables strongly linked to tree growth. The research is also helping to unravel
the inter-relationships between N, P and photosynthesis for the first time.
Research will be scaled up to field-level in future, using hyperspectral cameras mounted on UAVs or fixed wing
aircraft. Once levels of nutrient deficiency can be confidently identified at high resolution, the research will contribute
to more precise use of fertilisers in the forest.
Dr Pablo Zarco-Tejada, University of Melbourne; Dr Henning Buddenbaum, University of Trier, Germany; Horacio E Bown,
Universidad de Chile, Chile.
6

|

F O R E S T G R O W ER S R E S E A R C H 2 0 21 S C I EN C E R EP O R T

Collaborating to explore a low nitrogen fertiliser
Work with biuret, a low nitrogen fertiliser, is progressing with a series of small-scale trials underway looking at timing
of application and growth responses in radiata pine on different soil types. The fertiliser was initially trialled by Scion’s
Dr Simeon Smaill in a nursery setting where treated seedlings responded well. In a later large-scale forest trial, biuret
has increased radiata pine growth and disease tolerance.
Simeon is collaborating with Ballance AgriNutrients to explore the potential for commercialising biuret.
Dr Sheree Balvert, Nutrient Science Manager at Ballance, sees a place for biuret in forestry settings, but cautions that
commercialisation is some way off. “We would need to invest in manufacturing capability,” says Sheree, “and we need
a business case for that. As well as further field-scale trials, we have yet to fully explore whether we can make the
product at a commercial scale.” The commercialisation process could take between 5-10 years, depending upon the
results of the research that Simeon and Sheree implement.
Ballance AgriNutrients Ltd.

DiscBot graduates from discs to cores
Scion’s DiscBot is an internationally recognised
research tool, capable of describing multiple wood
properties at high resolution. The machine measures
the spatial spread of a range of wood properties using
a combination of near infra-red (NIR), X-ray and acoustic
techniques on discs cut from harvested tree stems.
Its outputs are contributing to research linking forest
ecosystems to timber productivity.
The DiscBot is also available as a commercial service
to forestry companies who want information about the
quality of the wood they are growing.
The DiscBot in action.

“ Timberlands
Limited is using the
DiscBot and CoreBot
to benchmark the
wood properties
of the estate we
manage. The insights
gained will help us
to understand the
impacts of different
forest management
practices on future
resource quality.
We are particularly
interested in
corewood properties,
which aren’t that easy
to characterise using
other methods.”
John Moore, Research and
Development Manager,
Timberlands Ltd.

In response to a request from a commercial forest grower, Scion’s John Lee
has modified the machine so it can measure wood properties from trees
sampled non-destructively by extracting cores from tree stems. ‘CoreBot’
can measure wood density and cellulose and lignin content using NIR
and X-rays, providing early information on what are critical components of
wood to end users.

DiscBot output – distribution of key wood properties across stems

Gal: galactose; Glu: glucose; Lig: lignin; MFA: microfibril angle; DEN: Density;
SGA: spiral grain angle.

Jonathan Harrington.
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Linking wood properties with forest management
“There is still a big disconnect between forest management, growing environment and wood properties,” says
Scion’s Dr Yvette Dickinson. Several projects are underway within the Resilient Forests portfolio aiming to fill
some of the knowledge gaps in what is a complex relationship.
Yvette has the challenge of working with a data set from around 13,000 individual tree rings, to tease out the
relationships between some 700 genetic, environmental and management variables, and wood density. The
rings, which tell the story of annual growth rates, are from increment cores taken from trees in 10 long-term
trial sites at harvest. The dataset is huge and requires a machine-learning approach because of the statistical
challenges involved.
Results will lead to a greater understanding of the influence that genetics, soils, climate, and management have
on wood density. One early finding has been that winter evapotranspiration rates – calculated by combining
relative humidity, temperature and windspeed variables – play an important part in wood properties.

ENHANCING RESILIENCE
Epidemiological models to predict red
needle cast
Scientists are building an epidemiological model to
predict and describe outbreaks of red needle cast
(RNC). The work builds on earlier Scion research
to understand the life cycle of the disease and the
environmental parameters influencing the speed
and level of RNC outbreaks. In time this will enable
predictions of when an outbreak will begin, peak and
end based on forecasted weather.
Lab-based
experiments
are quantifying
how both
temperature and
moisture affect
development
of Phytopthora
pluvialis, the
oocyte that
causes RNC.
Preliminary results
indicate that
temperatures
between 10-200C
are optimal for
both sporulation
and symptom
development and
that above 250C
activity declines.
Wetting tests of radiata pine twigs.
The next phase
will determine
how frequency and duration of needle wetting affects
disease development.
Lab results will be calibrated with field trials in East
Coast forests, where a permanent camera, needle traps
and climate sensors will be used to monitor levels of
disease during the 2021 season.
Dr Nari Williams, Plant and Food Research.
8
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Dr Rebecca McDougal at work in the lab.

New diagnostic tool for red needle cast
New highly sensitive Phyophthora pluvialis assays will
soon be available as a diagnostic service for forest
growers to help them identify red needle cast. The
assays have been developed by Dr Rebecca McDougal
and colleagues at Scion, who first developed a
P. pluvialis assay back in 2012. This original tool has
been widely used in both forest health research and
diagnostics for the forest industry.
By targeting a different gene region, the new assays
can detect P. pluvialis at much lower levels and with
more specificity than the original test. The team
is collaborating with Oregon State University to
validate the test; once this is complete the test will
be incorporated into the suite of diagnostic services
provided to NZ forest growers.
Oregon State University; Massey University.

Autonomous tree health monitoring
Detecting red needle cast (RNC) in the forest using remote sensing is
possible thanks to earlier research by Scion’s remote sensing team. The next
challenge is to build an autonomous health monitoring system which can
detect and eventually predict disease at scale and quantify its impact on
forest productivity.
Scion have teamed up with Indufor’s resource monitoring team, who
operate a satellite-based forest monitoring service. This partnership
will combine Scion’s ability
to identify RNC from satellite
data with Indufor’s large-scale
forest surveillance capability.
The eventual aim is to build a
RNC detection system which will
operate on the Indufor platform.
Scion’s Dr Grant Pearse explains
some of the novel science that will
go into developing the system:
“We are setting up an ultraprecise growth-sensor network
on individual trees. So when an
outbreak of RNC occurs, we will
have sensor networks in place,
and satellites and UAVs watching
from overhead. The goal is to be
able to detect disease, predict
the impact based on spectral
changes, and then ground-truth
this using high-resolution sensor
measurements of tree growth.”

“ Understanding the
effects of RNC on
tree growth, and the
effectiveness and
timing of copper
treatments, is key
to determining the
economics of treating
this disease. This
operational-scale trial
is definitely going to
help us get a better
understanding of the
in-forest impact of
RNC.”
Mike Baker, Technical Forestry
Manager, Hancock Forest
Management (NZ) Ltd.

Hancock Forest Management
(NZ) Ltd.

“Maintaining healthy
plantation forests
is essential from
an economic and
climate-mitigation
perspective. By
linking with Scion,
we aim to build a
robust detection
framework that
automatically uses
repeat satellite
observations to
detect and map RNC
across NZ’s forest
estate.”
Andrew Holdway, Forest
Monitoring Specialist, Indufor.

Indufor Asia Pacific.
Testing high-precision automatic tree growth sensors in the Scion nursery.
Image: Damien Sellier.

Red needle cast: a tricky opponent
“Red needle cast is proving to be a challenging disease to work with,
appearing at lower levels and unpredictable times in the past two years,”
says Scion’s Dr Stuart Fraser. While low levels of any disease are good news
for forest growers, it makes life difficult for scientists conducting operational
research.
Stuart is running
a series of
operationalscale trials over
five years in
Kinleith Forest,
collaborating
with Mike Baker
of Hancock Forest
Management.
The trials, now in
their third year,
aim to evaluate
the cost benefits
of copper
A severe infestation of red needle cast.
treatments and
optimal
application timing to control red needle cast (RNC). Earlier research at
Scion suggests that copper is the best first line of defence to mitigate RNC.
Copper is also routinely applied to mitigate Dothistroma, so the hope is that
some way of combining operations can be found, despite the two diseases
developing at different times of year, in theory at least.
F O R E S T G R O W ER S R E S E A R C H 2 0 21 S C I EN C E R EP O R T
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MANAGING RISK AND UNCERTAINTY

“Forest managers may want to give
more thought to their relationships
with the public, especially communities
living close to forests. A good
relationship with local communities
could be highly beneficial, especially
if local people want to become more
involved in decisions that affect their
environment.”

Mapping public perceptions of forestry
Plantation forestry must maintain its social licence to
operate: understanding the public’s perception of
plantation forestry management practices is crucial for
forest managers.
Analysis of a survey of 1500 people identified five
clusters of respondent types, ranging from ‘Most
highly concerned’ to ‘Less concerned’ about forest
management practices. Levels of trust in forestry,
perceptions of forestry’s value to regional economies,
and opinions on specific practices such as harvesting
on steep slopes and the use of chemicals were
analysed between clusters.

Dr Andrea Grant, Scion.

The survey data have been analysed in multiple ways, for example by ethnicity, gender, age, and region. The results
provide valuable insights into different sectors' perceptions of forestry. Scion’s Dr Andrea Grant reports that people
valued being asked what they thought about forestry. The results show that some clusters’ level of trust in forestry has
decreased over the past five years; that there is a high or very high level of concern about some forest practices in
some clusters; also generally a low level of knowledge about what different forest practices entail.
 Summary of responses by cluster.

Key
concern

Cluster 1
n=222

Cluster 2
n=222

Cluster 3
n=222

Cluster 4
n=274

Cluster 5
n=252

Harvest concern

Very high

High

High

Very low

Moderate

Species change
concern

High

Moderate

Low

Very low

Very low

Chemicals
concern

Very high

High

High

Low

Low

Trust in Forestry

Increased

Slight decrease

Slight decrease

Slight decrease

Slight decrease

Good for regional
economy?

Very good

Good

Neither

Good

Very good

Knowledge of
forestry activities

Low

Moderate

Very low

Very low

Low

Adapting to climate change
How foresters are adapting, or planning to adapt, to a changing
climate is the focus of work by Scion’s Dr Grace Villamor.
Grace asked people what they worry about most when it
comes to impacts of climate change on their forests, and
how they plan to adapt to these threats.
Survey respondents represented forest owners, managers,
consultants and farmers throughout New Zealand. The three
biggest perceived climate change risks identified were
(i) market disruption, (ii) wind damage, and (iii) forest fires.
Four main adaptation strategies featured strongly in people’s
plans: market diversification, having a response plan,
planting resistant species, and having a flexible harvest plan.

 Climate change adaptation strategies and plans.

Next steps include analysis of what factors will determine whether forest owners will begin taking adaptive action, and
what factors increase or decrease the likelihood of doing the wrong thing in an attempt to reduce risk.
The Resilient Forests programme is funded by the Forest Growers Levy Trust, and the Strategic Science Investment Fund.
10
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Winning against wildings
The Winning Against Wildings programme is drawing to a close after five years of collaborative international effort.
Manaaki Whenua Landcare Research has led the programme; many of the advances made in the battle against
wildings will also have applications in general forest management.
Forest scientists’ research focus has been on (i) wilding detection using remote sensing, (ii) control, by developing
new low-rate herbicide mixes and UAV application technology, and (iii) wilding prevention.
In research to prevent wildings, Scion scientists have developed somatic embryogenesis and gene editing technology
for Douglas-fir and used these with other gene manipulation techniques to produce sterile plants. The current
regulatory environment in New Zealand makes assessing these trees for sterility in the field challenging, so cell lines
carrying the edited genes have been cryopreserved and are available whenever a testing pathway becomes available.
Somatic embryogenesis has also been used to propagate ‘shy coning’ Douglas-fir trees that naturally produce far
fewer cones and seeds than average. Trees produced will be field tested in collaboration with Ernslaw One to confirm
low seed production in different environments. Work to prevent wildings is of value to all Douglas-fir growers.
Manaaki Whenua Landcare
Research; Scion; Lincoln University;
University of Canterbury;
Nanyang Technological University
(Singapore); Department of
Conservation; Ministry for Primary
Industries; Land Information NZ;
NZ Wilding Conifer Management
Group; CSIRO (Aus); NCAR (USA).
MBIE Endeavour Fund; Forest
Growers Levy Trust.
www.landcareresearch.co.nz/
discover-our-research/biosecurity/
winning-against-wildings/

Scion is working with SPS Automation to optimise their purpose-designed UAV-based spraying system for wilding conifer control.

Bioprotection: Trichoderma delivers widespread benefits
Research quantifying the benefits of Trichoderma continues
apace, with Dr Helen Whelan, of Lincoln University’s
Bio-Protection Research Centre (BPRC), establishing six new
large-scale validation trials in South Island radiata pine forests
in 2020 and 2021.
Trichoderma are naturally occurring fungi which enter plant
roots from the surrounding soil. BPRC selected several
Trichoderma strains, applied them to seeds and planted the
trees in plantation trials. Helen’s Year 2 results from 2018 trials
show a mean 6% increase in tree height (in eight trials), a
mean 10% increase in trunk diameter (in four trials) and a 45%
reduction in Dothistroma severity (in one trial). Other trials
underway include research into Trichoderma’s tolerance to
nursery agrichemicals and whether the fungi enhance disease
resistance in Douglas-fir (Swiss needle cast) and cypress
(canker).
At least two major forest nurseries are already using
Trichoderma-treated seed for all planting stock. The seed
coating is formulated from dried spores grown on brown
rice and harvested using a ‘mycoharvester’. Helen is currently
evaluating the commercialisation of a forestry-specific
Trichoderma blend with a business partner.

Dr Helen Whelan formulates a Trichoderma mix.

Appletons Nurseries; ArborGen Inc; City Forests Ltd; Ernslaw One Ltd; Hancock Forest Management (NZ) Ltd; Juken NZ
Ltd; Leithfield Nursery; OneFortyOne; PF Olsen Ltd; Port Blakely Ltd; Proseed NZ Ltd; Rangiora Nursery; Rayonier-Matariki
Forests; Rotorua Forest Nursery; Southern Cypresses Nursery Ltd; Tasman Pine Forests Ltd; Timberlands Ltd; Wenita Ltd.
Forest Growers Levy Trust.
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The Tree Microbiome
The tree microbiome can be defined as all the
micro-organisms that live in, on, or around a
tree, both above and below ground. The Forest
Growers Levy Trust is contributing to two closely
aligned research programmes, one looking at
the radiata pine microbiome above-ground,
the other going underground to investigate the
root microbiome and how interactions between
trees and their microbiome affect tree health,
productivity, and resilience
to change.

Sterile collection of pine needles.

Scientists anticipate that tree microbiomes are a huge genetic resource which can enhance resilience over the long
term, as well as conferring new traits and hence opportunities – for example, productivity in different environments,
stress tolerance, wood formation and quality, and water and nutrient use efficiency.
First though, Scion scientists are exploring the fundamentals of what micro-organisms exist in radiata pine’s
microbiome, and how the micro-organisms and trees interact in different environments.
Above-ground research at Scion started with the microbiome of healthy radiata pine needles, primarily because of
the direct link between needles and tree health. New techniques were needed to enable sterile collection of needle
samples from canopies. Back in the lab, the microbiome DNA is separated from the plant tissue and bioassays run to
identify what micro-organisms are present.
Already there are some interesting results – for example, some 1600 fungi alone have been isolated from radiata pine
needles. Collectively, these are likely to contain well over twice as much genetic information as the pine tree itself. It’s
another entire compendium of genetic information that can supplement – positively or negatively – that of the tree.
Above-ground research will continue, extending work on tree needles and moving onto other tissues such as bark,
cambium, reproductive tissues and pollen.

The main fungi families
found on radiata pine
needles.

Fruiting bodies of soil fungi in a radiata
pine plantation.

12
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Illuminating the ecological dark matter
A much larger ‘Pine Tree Root Microbiome’ project began in 2020. This
ambitious five-year programme aims to establish radiata pine as a model
tree-root-soil microbiome platform for global research. If this can be
achieved, it will mean long-term global research effort to greatly benefit the
New Zealand radiata pine industry.
The initial proof-of-concept research is around how the microbiome
influences radiata’s resilience to drought. The project will work by
harnessing international research capability, working with scientists around
the world. The programme aims to understand the relationship between
pine and its microbiome in dry environments such as Australia and southern
California. These are places where radiata pine is grown and where climatic
conditions might be like those in New Zealand in decades to come.
The international team will be coordinated via a smartphone app which
will provide instructions on how to sample radiata pine above and below
ground. It will also collect specific information about the environment
where the trees are growing. Soil will be analysed at Woods Hole
Climate Lab in Pennsylvania, while DNA will be extracted using labs globally,
but will end up at Scion for analysis. The Scion team will then characterise
the microbiome of radiata pine on an international scale and begin work
to interpret the interactions between the microbiome, the trees, and the
environments they share.
The programme aims to illuminate what programme leader Dr Steve Wakelin
calls the ‘ecological dark matter’. A big information void exists around
underground microbes and their function; the Scion team has already
begun collecting soils, extracting microbes and getting them into culture so
they can be identified, and genome sequences published.

“This programme
is going to be
transformative. It is
huge and exciting,
but we have no real
idea of what the
most exciting bit is
going to be. In five
years’ time I think we
will be at the cusp
of knowing about
all these microbes,
their different
functions, that they
are part of the whole
ecosystem, and we
will be beginning to
understand how it all
fits together.”
Dr Steve A Wakelin, Scion.

“I liken this to the new understanding of what happens in the human gut,
says Steve. “We know how vitally important gut microbes and function is
for our overall health and fitness. Now, where the gut has gone, soil with
follow!”
Lincoln University is another research partner: scientists here run the
‘NZ biotron’, a facility used to research real-time underground microbial
activity. This tool will help to analyse exactly what changes are happening in
the microbiome, as well as the chemical and metabolic signalling occurring
between the microbes and the plant roots.
Potential applications of the research in forest management include
linking the microbiome to different breeding values – for example growth
characteristics, wood quality, or drought resistance. Planting stock could be
produced in specific microbiome conditions in the nursery, meaning young
trees have the right genetics and the right microbiome to perform well and
be resilient to change in any given forest environment.

The human microbiome
project (HMP) provides a
good analogue for tree
microbiome research.
The HMP discovered
100 trillion species living
in, or on, a person, and
confirmed that every
person has a unique
microbiome, akin to a
fingerprint. The HMP
has unlocked many
possibilities – for example
in human health – that
were never imagined
beforehand.

MBIE Endeavour Fund; Forest
Growers Levy Trust; Strategic
Science Investment Fund.

Programme leader Dr Steve Wakelin
collecting a root fragment from under the
forest floor in a stand of radiata pine.

Lincoln University; Victoria
University of Wellington; University
of Adelaide; Hawkesbury Institute,
New South Wales; University of
Western Sydney; Woods Hole
Climate Laboratory, Pennsylvania;
Wright State University, Ohio;
Timberlands Ltd.
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Advances in tissue culture:
science led by industry
The Tissue Culture Partnership is a seven-year
industry/government partnership to speed
up, and scale up, the deployment of the best
radiata pine genetics currently available. The
aim is to overcome bottlenecks caused by
the lengthy process of trialling and releasing
new genotypes. On the horizon are largescale high-tech production systems which will
transform the way genetically diverse planting
stock will be produced for forest owners.

Developing embryos produced
by somatic embryogenesis.

The foundation of the project is somatic
embryogenesis – a process that starts by cultivation
of immature embryos formed after pollination
and extracted from green cones. This process
is an extremely attractive option for the rapid
reproduction of selected, proven genotypes. Somatic
embryogenesis is not new and is already used by two
of NZ’s radiata pine companies. Cones can be selected
according to industry demands for known genetics,
and multiple varieties (genotypes) can be built into
planting choices. The immature embryos can be stored
in liquid nitrogen for many years, giving great futureproofing options.
Scion's research team is led by Dr Jana Krajnakova,
who acknowledges the help received from industry
to select genotypes known to be productive when
subjected to somatic embryogenesis techniques. In
fact the programme is receiving support from every
part of the forest industry, from tree breeding and tree
nurseries to forest managers and forest owners.
The limiting factor of existing somatic embryogenesis
systems is that multiple transfers of each plantlet
 Dr Jana Krajnakova with developing embryos produced by
somatic embryogenesis.

“Anything that speeds up
deployment and gives better access
to improved radiata pine genetics
will be great for farm forestry and
small-scale growers.”
Graham West, President, NZ Farm Forestry Association.

14
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Developing somatic embryos in Temporary Immersion
Bioreactors.

from one nutrient medium to the next are needed as
the embryos mature and require different nutrients
and hormones. This process involves repetitive and
fastidious manual work.
The innovation which drives the Tissue Culture
Programme is Temporary Immersion Bioreactor
Systems technology. These systems use liquid nutrient
and hormone solutions, rather than semi-solid systems,
to feed the plants.
Advantages include better access to medium
components for the emerging plantlets, and critically,
major opportunities for scaling up production using
automation and robotics. High-tech systems will
take plantlets all the way through the nursery and
potentially out into mechanised planting systems in the
forest.
Temporary Immersion Bioreactors have never been
used to produce radiata pine plantlets before. Jana
and her team – two of whom have come to Scion with
biomedical research backgrounds – have been on
a steep learning curve. Scientists from the Georgia
Institute of Technology were due to travel to Rotorua to
help set up the lab; Covid-19 restrictions have resulted
in the Scion team videoing processes and liaising
on-line with the USA team.

The system works literally by temporarily immersing
the growing embryogenic cell lines in a nutrient
solution in a highly controlled environment. As the
somatic embryos mature, conditions can be changed
until plantlets have developed strong roots within the
solution. Future plans include developing a fluidics
system to sort out the mature somatic embryos from
the embryogenic tissue and robotic techniques to
handle the plantlets. It is anticipated that the strongest
plantlets will be identified using artificial intelligence
and robotically placed in an individual growing cell.
Here they will continue to be provided with nutrients in
a fully automated system, until they are ready to move
into the nursery environment. They will then be grown
on and hardened off, ready for planting.
The temporary immersion technology is up and
running, and work to fine-tune the many variables
that will determine successful plantlet production – for
example, optimal light spectra and nutrient solution
composition for plantlets of different genotypes and
at different growth stages – is ongoing. And although
there is some world-leading science happening in the
lab, the focus remains firmly on the forest industry’s
need for large-scale production of proven radiata pine
genotypes.
“We have got to the stage where we know we can
definitely do this,” says programme manager,
Dr Russell Burton. “Our systems are not optimal yet,
and the team is still developing protocols. But we are
ready to scale up the system.”
The high levels of automation envisaged mean the
whole process can operate at an industrial scale; the
use of robotics will also transform the productivity
of plantlet production. Beyond the nursery, it is not
difficult to imagine the plants continuing along a highly
automated system and being planted out mechanically
in precision forestry systems.
The end game is a bigger and bigger programme of
plant production, increasing the supply of the best
radiata pine genetics with the intention that these
should be available to growers at all scales, from farm
foresters to NZ's largest forest growers.

Germination timeline of plantlet growth. Image: Kim Paras.

The 21st Century Tissue Culture Partnership is an industry/government partnership and receives financial support from MBIE,
the Forest Growers Levy Trust, and the Strategic Science Investment Fund.
Georgia Institute of Technology; Natural Resources Institute, Finland; ArborGen Inc; Timberlands Ltd; Proseed NZ Ltd;
Radiata Pine Breeding Company; Hancock Forest Management (NZ) Ltd; PF Olsen Ltd; Rayonier-Matariki Forests.
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Specialty Wood Products
The Specialty Wood Products Research
Partnership (SWP) was established in 2015,
marking the start of a seven-year partnership
between Forest Growers Research, the Ministry
for Business, Innovation and Employment (MBIE),
research providers and industry partners.
Species included are Douglas-fir, cypress,
and durable and non-durable eucalypts.
One aim is to encourage regional investment in
specialty species: four regional business cases or
strategies are included in the project’s outputs.

Potential regional
wood supply
catchments
to support a
sustainable
durable
hardwood
industry.

Durable eucalypts – vision and strategy in place
NZ Dryland Forests Initiative (NZDFI) has a vision that New Zealand will
develop a sustainable multi-regional hardwood industry by planting 60,000
hectares of improved durable eucalypt forests by 2050.
The strategic approach proposed is that these forests are planted in up to
12 wood supply catchments of 5,000 hectares each. If planted over the next
30 years, this area of forest could sustainably supply a small-to-medium
centralised processing plant in each region.
Possible locations for wood catchments have been identified. NZDFI is
working with regional partners in priority areas of Gisborne, Hawke’s Bay
Wairarapa and Marlborough to raise interest and provide guidance for
landowners keen to consider planting durable eucalypts.
Research into potential markets indicates durable timber products
could generate over $1 billion per annum by 2050. Substituting durable
hardwoods for CCA-treated fence posts and poles is a good place to start
– this market is estimated to be worth some $210-$240 million per annum
and has always underpinned NZDFI’s work. Recent trials have assessed how
well two different post-peeling machines handle durable eucalypt logs, and
durable eucalypt vineyard posts in situ for a decade have been tested and
found to have minimal decay.

Dr Clemens Altaner (University of Canterbury School of
Forestry) prepares durable eucalypt posts for a peeling trial
using the tractor mounted SchälProf 550 Posch peeler.
16
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“The NZDFI is
providing the
science engine for
species selection.
The timing is right
to expand the trial
sites into industryscale production for a
sustainable hardwood
supply in our region.”
David Boone, Manager
Land Management, Greater
Wellington Regional Council.

Peeled posts – ready for use without chemical treatment.

Current market value

Market opportunity
Sawn timber – domestic substitution of CCA treated for
outdoor use.

$280-320 million per annum based on retail value of
$700-800 per m3.

Posts and poles – substitution of CCA treated posts for
vineyards, agriculture and horticulture.

$210-240 million per annum based on retail value of
$700-800 per m3.

Hardwood imports – Substitution of high value hardwood
imports – over 29,000 m3 lumber, 3,000 m3 sleepers and
5,000 m3 posts/poles (MPI 2017).

$53.3 million in 2017.
5-year average value of over $1400 per m3.

Exports – significant lumber and log export potential to
replace Australian and tropical hardwoods.

Annual export value of 100,000m3 of hardwood could be
$140 million.

Veneer – as a component of high value and high strength
hardwood laminated veneer lumber (LVL) and cross-laminated
timber (CLT).

International value of high strength veneer is
$400-500 per m3.

Breeding and clonal propagation work, led by
Proseed NZ Ltd., was recently boosted by a $450,010
Te Uru Rākau One Billion Trees Partnership Grant;
in spring 2021 the first generation of improved
planting material from NZDFI’s breeding programme
will be planted. Further new generations will be
released over time. NZDFI’s trial network of over
30 trials forms the backbone of its research and
development programme; nine new trials will be
established in spring 2021, extending the research and
demonstration objectives of the NZDFI.
 Clonal durable eucalypt stock produced by Proseed NZ Ltd.

“ We all want a sustainable
cypress industry but there
are some big challenges
facing both growers and
sawmillers. The strategy
will ensure we stay focused
on the top priorities.”

Growing a sustainable cypress industry
Small-scale cypress growers and processors are leading work to develop a
more formal strategy for the cypress industry. Consultation with two often
under-represented sectors – corporate/large-scale forest owners, who
own a significant proportion of the cypress resource, and harvesting and
marketing contractors and consultants – confirmed widespread support
for development of a strategy. A workshop involving small- and large-scale
industry representatives led to a strategic framework being agreed on for
future research and development activity.

Richard Thompson, MacBlack Timber Ltd.

MISSION

ACTION STREAMS

VISION

Working together to grow
a sustainable cypress
industry

1. Genetics, breeding and
propagation

Cypress – New Zealand’s
No.1 naturally durable
softwood timber species

We will develop a greatly
expanded and viable cypress
forest industry by:

 Cypresses are readily chosen
and grown with confidence
under a range of regimes,
producing a sustainable supply
of timber and a wide range of
timber products

 Identifying key regions where
cypresses are especially suited

4. Markets, marketing, product
development and branding.

 Providing growers with good
information and a clear value
proposition

KEY GOALS

 Supply matches demand in
both domestic and export
markets at prices that reward
all those in the value chain for
their investment.

 Engaging with growers,
advisors, agencies, processors
and customers
 Continuing research and
demonstration.

2. Site selection, establishment
and silviculture
3. Harvesting and processing

1. Up-to-date, easily accessible,
and good quality information is
available throughout the value
chain
2. Collaboration between and
within sectors advances
industry expansion.
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Cypress research includes a long-term breeding programme led by Scion.
Cupressus lusitanica progeny trials and selections continue and new seed
should be delivered to industry in 5-7 years, with a third generation of
C. lusitanica breeding trials established in 2017. Three large-scale trials are
underway to test new C. macrocarpa genotypes identified as potentially
canker tolerant.
The NZFFA Cypress Development Group is also managing a new series
of trials with the aim of identifying canker-resistant genotypes. Around 40
small-scale trials to test 12 canker-resistant cypress hybrids were established
in 2019; another series of 15-20 trials will be planted in 2021. These will
include both the hybrids and C. macrocarpa selected from farm forestry
properties and believed to be canker resistant. Plans for 2022 include trials
of some three-way cypress hybrids bred by Scion.
Thermal modification of cypress timber to increase durability has had
encouraging results. A sawing study of young, unpruned, unthinned cypress
produced a very good out-turn of sawn boards; if this timber can also be
made durable by thermal modification, as now seems likely, it has good
potential for exterior uses such as cladding.
Vaughan Kearns, NZFFA Cypress Development Group,
with an impressive 3.5-year-old trial hybrid cypress.

Douglas-fir: new roles and values emerging
Douglas-fir, as New Zealand’s number two plantation species, provides valuable species diversity and risk mitigation.
Its ability to thrive in cold, wet environments and produce superior structural timber has long been recognised;
increasingly, the species’ longer rotations and carbon sequestration capacity are being acknowledged as key
advantages.
A recent strategic review of Douglas-fir processing options identified supply spikes and the challenge of competing
with radiata pine in structural markets as disincentives to new investment in Douglas-fir sawmilling. New management
strategies – including lengthening Douglas-fir rotations to even out supply over time, and co-processing with radiata
pine in existing and/or new mills – should give encouragement to potential investors.

“At Port Blakely, we
are very optimistic
about the future
of Douglas-fir. It
is a species with
multiple roles, and
long-rotation exotics
like Douglas-fir and
redwoods are a more
realistic option than
natives in meeting
the Climate Change
Commission’s
planting targets over
the next ten years.”
Phil Taylor, Managing Director,
Port Blakely Ltd.

100+-year-old Douglas-fir growing in City Forests’ Flagstaff Forest, Dunedin. Image: Phil Taylor.
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High-value market niches that suit Douglas-fir’s strengths include
engineered products – for example cross laminated timber (CLT) and
oriented engineered lumber (OELTM). Engineering research at the University
of Canterbury led by Dr Minghao Li continues into designing CLT structures
with efficient lateral load resistance to minimise earthquake damage. Recent
work on the connections between CLT panels has found self-tapping screws
installed at mixed angles could be repaired following an earthquake. This
is valuable information for design engineers working on mass timber
structures utilising Douglas-fir CLT.

Testing Douglas-fir CLT strength and screwed connections at the University of Canterbury Department of Engineering.

A regional strategy for specialty species – Hawke’s Bay pilot
Hawke’s Bay has been used as a pilot region in two projects, in partnership with Hawke’s Bay Regional Council.
A pilot study by University of Canterbury School of Forestry is creating a new satellite-based mapping methodology
to accurately define New Zealand’s alternative species resource. Initial work in Hawke’s Bay identified potential for an
artificial-intelligence-based technique that is now being developed.
The second project is an initiative to support the small-scale sawmilling sector, which arose from an analysis of the
sector in Hawke’s Bay Region. A survey of small-scale sawmillers generated significant engagement, and the plan now
is to facilitate some regional trade shows which will promote the sector and enhance networking between people
from different parts of the specialty species value chain.
Acknowledgements
The Specialty Wood Products
Research Partnership (SWP) is a
seven-year, $14 million industry/
government partnership which
runs from 2015-2022.
SWP members
Ministry of Business; Innovation
and Employment, Forest Growers
Levy Trust; Southwood Export
& Southland Plantation Forest
Company; Juken NZ Ltd; Proseed
NZ Ltd; Ernslaw One Ltd;
New Zealand Farm Forestry
Association; Timberlands Ltd; Lake
Taupo and Rotoaira Forest Trusts;
Te Tumu Paeroa; Port Blakely Ltd;
City Forests Ltd; Marlborough
Lines; Vineyard Timbers Ltd.
SWP research organisations
Scion (which also contributes
aligned Strategic Science
Investment Funding), University of
Canterbury, Marlborough Research
Centre.

Hawke’s Bay mobile sawmiller Tim Meredith operates his WoodMizer portable sawmill.
SWP; Strategic Science Investment Funding.
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Automation and Robotics
Forestry Work in the Modern Age –
Te Mahi Ngahere i te Ao Hurihuri – is the
second Primary Growth Partnership (PGP)
between government and the forest industry
managed by Forest Growers Research.
The seven-year $29.36 million programme
began in 2019, and will design, develop,
test, and commercialise innovative
harvesting and sort yard machinery and
systems with increased automation and
robotics a priority. Ultimately the aim is to
establish three new log sort yards with forest
companies throughout New Zealand.

“We can see that
there are many
potential gains that
could be realised
with the ability to
uniquely identify
each log, for
example reducing
or eliminating the
need for stencils,
weighbridges and
scaling.”
Tony Shrimpton, Systems
Engineer, Engineering Services
Rotorua Ltd.

Example of punch-code on log end. The
direction in which the symbols point can be
converted to an 11-digit alphanumeric code.

Automating the log-tagging process
FGR is working with Swedish company OTMETKA to develop and
commercialise an automated ‘punch-code’ system for individual log
identification at time of log manufacture. Improved log tracking and
traceability, and reduced bottlenecks at log scaling stations and at ports,
are among the anticipated benefits. The project has strong backing from
partners throughout the log supply chain, and entails three major
work-streams:
1. Developing the log marker – OTMETKA plan to have a prototype ready
to install on a grapple processor by late 2021; this will then be fitted to a
processor head and tested under NZ logging conditions.
2. Designing a punch code reader – the system will be vision-based (like a
QR code or bar-code reader). Both the hardware to capture images, and
software to convert the image into a unique ID for each log, are under
development. A deep-learning algorithm is being developed by Lincoln
Agritech Ltd. to interpret the punch code images.
3. Data management – individual logs will be tracked from the forest
landing to the port or domestic sawmill, so customers will have all the
information about each log’s production history.
“When you automate one element of a process, other opportunities often
open up,” says project leader Dr Glen Murphy. “We realised we might
be able to capture JAS measurements when manufacturing and marking
each log in the forest and now have a number of regional trials underway.
Advances like this will mean greatly increased data availability at all points in
the supply chain, including for forest managers.”

Manufacturing partners:
OTMETKA New Zealand Ltd;
Engineering Services Rotorua Ltd;
Pocket Solutions Ltd.
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Lincoln Agritech Ltd; Timberlands Ltd; Ernslaw One Ltd; Rayonier Matariki
Forests; Pan Pac Forest Products Ltd; Wenita Forest Products Ltd; ISO Ltd;
C3 Ltd; Tasman Pine Forests Ltd; TimberSmart Ltd; ForestPHD Pty. Ltd;
Ministry for Primary Industries.
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Increasing cable logging automation and productivity
Northland engineering company Rosewarne and May Ltd. are developing
an automated cable hauler and grapple control system which incorporates
numerous engineering advances:
• hydraulic motors to automatically control the skyline tension and height
above ground, making hauler operations safer and easier, and reducing
rope wear
• a hydraulic grapple carriage with the grapple fitted to a hanging bracket
which increases efficiency of log pick up and life of the carriage through
reducing shock loading
• improving operator comfort with a new hauler cab, relocated winches
and improved view of the incoming grapple load using an advanced
camera system in the carriage.
The improved grapple carriage.

A second-hand hauler has been refurbished with the new technology and
a prototype is operating under normal forestry conditions. Once proven,
Rosewarne and May’s plan is to lease the prototype hauler to contractor
clients while the client’s own hauler is being fitted with the automation
technology. This will mean the client’s hauler operator can be trained in
operating the automated hauler.
The next challenges are: (i) to install a collision avoidance system,
(ii) automate carriage outhaul and inhaul and (iii) combine a machine-vision
facility with GPS positioning and stem-specific LiDAR data to optimise
hauler payloads.
Manufacturing partners:

The refurbished Thunderbird hauler
with hydraulic skyline control.

Rosewarne and May Ltd; Lincoln Agritech Ltd.

Hancock Forest
Management (NZ) Ltd;
Rayonier Matariki Forests;
Ministry for Primary
Industries.

Seeing the bark from the trees
An estimated one million tonnes of bark gets a free ride every year from the forest to ports and processing plants
and is often unutilised. A project to remove bark early in the log supply chain aims to reduce chemical fumigation of
export logs, increase overall transport efficiency and reduce residue disposal costs.
Exacting quality standards are demanded by log markets, and so a target of removing at least 98% of bark in the
forest has been set. This meets standards for domestic manufacturers and for export logs for some international
markets (reducing the need for methyl bromide fumigation).
A new debarker head design is a priority for in-forest debarking. Waratah NZ Ltd. are collaborating partners in the
design and build of the new technology as they have already commercialised a debarker for eucalypts. The design
will incorporate computer vision plus artificial intelligence to determine whether the debarking standard has been
met, resulting in minimal loss of productivity and wood fibre.
“We anticipate that the computer vision system can
be designed to also recognise and measure knots,”
says project manager Dr Glen Murphy. “This could
lead to improved log-making, with cut plans based
on more attributes than just length, diameter and
maximum knot size alone.”
Initial CAD design work has been completed
and work over the next year will involve finalising
design and then building the first prototype mobile
debarker head.
Manufacturing partners:
Waratah NZ Ltd.

Wenita Forest Products Ltd; Port Blakely Ltd;
Ministry for Primary Industries.

A log processing head with a log that has approximately 13% of
the bark still attached. The bark boundary is marked in black.
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Improving residual biomass management
Harvesting in remote forest areas, such as the southern
North Island and the East Coast, where steep sites and
erodible soils are the norm, comes with some specific
residue management challenges. The top priority for
many harvesting managers and contractors is reducing
the risk of residues being washed downhill from
cutovers and landings into waterways during heavy
rain.
One option for high-risk areas is to use the ‘HeliHawk’
helicopter-mounted slash grapple, a product of an
FGLT-funded project in 2019, to extract slash from
waterways after the hauler crew has completed log
extraction. Another option being developed is a
hauler-based slash grapple capable of dealing with
residues as the hauler extracts logs from the cutover.
The lightweight multi-tine grapple will be designed
to be a relatively simple piece of equipment that fits
over the log grapple of current models of grapple
carriage. The expectation is that it will be used to
remove residues from the waterway or off the cutover
immediately prior to each hauler line shift.
Project manager Gareth Buchanan reports that initial
design, which commenced in August 2021, will be
followed by construction of the hauler slash grapple
and then a period of operational trialling. Further
refinements are planned for early 2022.
Heli-Hawk helicopter slash grapple.

Dr Rien Visser leads a workshop on winch-assisted harvesting.

“You don’t get what you deserve,
you get what you negotiate.”
Keith Raymond, Forest Growers Research,
on negotiating contracts.

Benchmarking cost and productivity and
workshops for industry
Dr Rien Visser, who leads Forest Engineering at the
University of Canterbury, has been running the annual
harvesting benchmarking survey for 12 years. The
survey provides insight into productivity and cost
trends within the harvesting sector.
The survey data have many applications: over the
past two years Rien has been running workshops
on ‘How to determine a fair logging rate’. The
workshops are targeted at harvesting contractors
and front-line harvest managers responsible for
contract negotiations. “We cover the fundamentals
of productivity and costs, and what drivers determine
costs,” says Rien.

Manufacturing partners:
Mural Town Engineering Ltd; JDT Engineering Ltd.

Aratu Forests Ltd; Ernslaw One Ltd; Forest360 Ltd;
Juken NZ Ltd; PF Olsen Ltd; Logic Forest Solutions Ltd;
University of Canterbury; Ministry for Primary Industries.
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Rien also runs workshops on winch-assisted
harvesting systems, again supported by data from the
benchmarking database. “We know that around 65% of
cable harvesting contractors now have access to winchassist machines. This involves an investment of close
to two million dollars; our workshops help contractors
use the technology safely and efficiently, and gauge
how they are performing in terms of productivity and
costs,” says Rien.
Many diverse forest industry contributors to the
Benchmarking Database; University of Canterbury;
Ministry for Primary Industries.

Simulating new log supply chains
Underpinning the Forestry Work in the Modern Age programme vision of
a fully automated, safe, and efficient log sorting and distribution system
lies the ExtendSim logistics simulation model. The model has been built to
demonstrate the current log supply chain and then to test new scenarios
and compare their financial and physical performance with existing systems.
“The first challenge has been to model supply chains currently operating,”
says Scion’s Dr Melissa Welsh. “There are many variations in the way logs
travel from forest to market.”
Data from the benchmarking database managed by the University of
Canterbury were used to validate the outputs of the model. Initial results
around the cost-effectiveness of the envisaged systems have been
encouraging.
Research is now moving into the applied realm so proposed new log supply
chains can be tested and assumptions validated. Forest owners Ernslaw One
Ltd. have agreed to partner with FGR and Scion to provide a real-life case
study of wood flows and log stocks from East Coast harvesting operations.
Ernslaw One Ltd. may be the first of several forest companies to commit to
evaluating alternative innovative log handling systems.

“As our harvest cut began to increase in Mangatu
and its surrounding forests, we needed to investigate
a different way of managing most of the volume from
the forest and out through the port. We’re currently
identifying potential locations for a central hub where
logs could be transported for sorting and temporary
storage. That’s Stage One. From there, in conjunction
with the FGR team, we will evaluate any relevant
automation options including downstream processing
opportunities for the site and potential wood
procurement from other forest owners. It’s exciting to
think about the potential efficiency benefits that this
project could bring to our local industry.”
Darren Mann, CEO, Ernslaw One Ltd.

Moving logs from the forest to market.

You can’t manage what
you don’t measure
As part of the Improved Residual
Biomass Management project,
University of Canterbury PhD
candidate Campbell Harvey is
undertaking detailed analysis
of the volume and piece size
of harvesting residues on both
landings and cutovers. Campbell
has visited 17 different harvesting
sites throughout the country to
make a comprehensive inventory
of residues left on site. Data were
collected using both groundbased techniques and UAVs.

Forest engineering student Luke
Riedinger carrying out a biomass
assessment on a cut-over.

Campbell’s research also involves
surveying the industry about
current slash management
practices. In conjunction with
his work on residue volume and
distribution related to terrain and
harvesting systems, he will provide
advice on residue management
options for harvesting managers.
Campbell is New Zealand’s 2021
nominee for the International
Council of Forest and Paper
Associations’ Blue Sky Award,
which recognises young
researchers in forestry science.

Ernslaw One Ltd; Scion; Ministry for Primary Industries.

Forestry Work in the Modern Age – Te Mahi Ngahere i te Ao Hurihuri is a Primary Growth Partnership between
the Ministry for Primary Industries and the forest industry. Commercial partners are Forest Growers Research Ltd,
nine forestry companies and ten machinery manufacturing partners. The programme runs from 2019-2026.
MPI funding: $12.206 million, industry funding: $17.154 million.
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Extreme Fire
Rural fire research is an international science,
and Scion’s rural fire research team are an active
participant in a major collaborative project to
develop a new theory of fire spread. At the same
time, the group works closely with the forest
industry and Fire and Emergency New Zealand
(FENZ) to develop and operationalise tools to
help reduce fire risk and mitigate the damage
done by fire outbreaks when they do occur.

A high-resolution thermal
camera used in the Rakaia gorse burn.

Gorse burns aid validation of new fire theory
A series of six large-scale experimental gorse burns were successfully
completed in Canterbury in March 2020, led by Scion’s rural fire research
team. The burns were designed to test a new theory of convective heat
transfer, as well as put some new instrumentation through its paces.
The burns are part of a major international collaborative project, with over
$2.5 million worth of equipment deployed by partners to capture data,
including high resolution thermal cameras, LiDAR, drones and a range
of sensors. The burns were much more intense than earlier experimental
stubble burns, with temperatures reaching almost 15000C and flames
peaking at over 20 metres high.
Data capture was successful despite damage to instrument casings as the
fire roared through the sensor arrays; the burns not only validated the new
theory but also have advanced methods to analyse fire spread and quantify
turbulence around fires. A prototype of a new fire spread model is now
being developed.
A final series of burns in wilding conifers is planned in 2022. “The wildings
fires will present new challenges in logistics and instrument design, in
particular installing a 60-metre tower on which to attach sensors in and
above the tree canopy,” says lead scientist Grant Pearce.
If proven, the convective heat theory will fundamentally change global fire
science, improving understanding of extreme fire behaviour and the way
wildfires spread.

Scientists monitor the Rakaia gorse burn from an observation platform.
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Damaged instrument casings – a result
of extreme temperatures.

Real-time fire and smoke
prediction tools
Work to build an integrated suite
of real-time fire spread and smoke
prediction tools is well-advanced.
An automated satellite-based fire
detection system has been linked
to Scion’s Prometheus fire spread
model: this combines a range of
parameters including fuel type
and local weather conditions
to generate information on the
size and likely rate of the spread
of a fire, which in turn enables
predictions of how much smoke
will be generated, and its likely
dispersion trajectory.
The integrated models have
been tested several times during
real fires, including to accurately

“ In the early stages
of a fire, we need to
form a quick opinion
on response. The Scion
models give us really
good initial insight
into a fire’s potential,
on which we can base
critical operational
decisions.”
Tim Mitchell, National Wildfire
Manager, FENZ.

Smoke plumes from a 2020 wildings fire near Lake Pukaki.

predict the arrival of smoke from recent Australian bushfires in
New Zealand; also to predict fire and smoke spread during a wilding
pines fire at Lake Pukaki, near Twizel.
Scion is now working with FENZ to operationalise the system so it can be
used in real time to support fire decision making. The smoke prediction
tool is publicly available, while the fire growth model tool is available to
registered users in the forestry sector.

Fire-danger seasonal tracking tool
A new tool has been developed which tracks fire danger throughout the fire
season. The tool is underpinned by data from the more than 250 fire weather
stations, many of which are owned by forest companies, and which record
data on all the elements used to calculate fire danger ratings.
The tool allows fire managers to see how their location is tracking from
day-to-day compared with other areas, and how the current season
compares with previous years over a range of fire danger codes.
Scion’s Grant Pearce says “Historically, fire managers used wall charts to
record and monitor this information, so this tool automates and improves
that process.”
The tool is freely available on-line from the Rural Fire Research website
along with other tools and fire management information developed by
Scion.

Fire alert system ready for deployment
Spontaneous combustion in slash piles on skid sites is a predominant
cause of fires in forests; new fire sensor technology being developed
can alert fire managers remotely if a slash pile is becoming dangerously
hot.
A Scion/FENZ study identified factors which lead to high-fire-risk
conditions in slash piles: sometimes these conditions – for example,
a preponderance of green slash, and/or added moisture from rainfall
followed by hot dry weather – are difficult to avoid. The risk is that the
fires start long after the harvesting crew has left the site, and the fire
can take some time to be detected.
The ‘Fireline’ alert sensor works via a thermocouple connected to a
communications package, which will send out an alert via satellite
or radio networks to a smartphone or web receiver. Probes inserted
into slash piles considered high risk by a fire manager or harvesting
contractor will trigger an alert if the temperature in the slash goes
above a certain threshold, enabling a rapid response.
The sensors have other applications – for example, if deployed around
the boundaries of rural fires to guide those undertaking controlled
burns or fire fighters on the spread of the fire. They have also
been successfully linked to fire suppression systems (e.g. pumps or
sprinklers), turning on the system automatically when triggered.

Scion; US Forest Service; San Jose State
University; University of New South Wales;
Canterbury University; Alberta Agriculture
and Forestry (Prometheus); The Nature
Conservancy; Te Tira Whakamātaki
(The Maori Biosecurity Network);
Fire and Emergency New Zealand (FENZ).
Ministry of Business, Innovation and
Employment; Scion core funding and
fire stakeholder co-funding and in kind,
including FGLT; FENZ; local government;
Department of Conservation; NZ Defence
Force; Federated Farmers of New Zealand
and Te Uru Rākau.
http://www.ruralfireresearch.co.nz/
https://ruralfireresearch.wordpress.com/

F O R E S T G R O W ER S R E S E A R C H 2 0 21 S C I EN C E R EP O R T

|

25

Future research
The forest industry’s Forest Growing Science and Innovation Strategy
2020-2035 provides a valuable framework to guide the future direction
of industry-funded research. The Strategy identifies three key themes:
• Increasing profitability from radiata pine and Douglas-fir
• Ensuring long-term sustainability of commercial forestry through realising
value from emerging species and developing new models for forestry
• Future-proofing commercial forest growing in New Zealand.
To achieve these strategic ambitions, the forest industry has identified a need
to embrace new technology as well as develop viable alternatives to radiata
pine. Forest Growers Research has initiated work exploring both areas via the
21st Century Silviculture Programme and developing a plan for contingency
and specialty species.

Precision silviculture for
the 21st Century
Planting, pruning and thinning are
the three traditional silvicultural
activities in radiata pine
plantations. The way silvicultural
work is carried out has hardly
changed over the past 50 years
or more, and the sector is ripe for
modernisation.
The harvesting sector has
transformed to a highly
mechanised and much
safer workplace over recent
years, thanks to industry and
government investment in
research and development. Now
it is the silviculture sector’s turn
for transformative change. The
business case for automation,
mechanisation, digitisation and
precision technology in silviculture
is compelling, with an estimated
Net Present Value benefit to
forestry of over $500M over the
next 60 years.
Some contractors are already
developing innovative technology,
but the industry needs to move
forward as a whole. Forest
Growers Research is working in
partnership with forest owners
and contractors to formulate
a research and development
programme. The ambitious vision
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 Planting: Kaingaroa 1920 v 2020 

is for a full ‘precision’ approach to all silvicultural operations, enabling
precision technologies already available in other areas of plantation
management to be optimally applied.
Four workstreams have been identified.
1. Nursery automation: developing automated systems for both
containerised and bare-root nurseries, and for deployment of nursery
stock. This will be the fundamental foundation for other silvicultural
mechanisation and automation.
2. Precision planting: developing mechanised planting technology which
ultimately will provide data on exactly what tree is planted where.
Mechanised and automated planting systems are already commonplace
in other countries.
3. Mechanised pruning: mechanised or power-assisted pruning systems will
enhance industry resilience and diversification by halting the decline in
pruning and the predicted shortage of pruned logs. Pruning has become
unpopular with forest owners due to the combination of high costs and
shortages of skilled labour.
4. Mechanised thinning: developing cost-effective mechanised thinning
systems will reduce reliance on manual labour, increase worker safety,
and on some sites provide good opportunities for biomass extraction.
One possibility to be explored is to combine mechanised pruning and
thinning.
Overall, a complete new plantation silviculture paradigm is envisaged, with
digital technology directing and monitoring spatially driven operations
from planting to harvesting. Employment opportunities will be higher value,
while the environmental impact of operations will be reduced. The advances
envisaged will contribute to both increasing profitability and future-proofing
plantation forestry; native-species afforestation programmes will see
substantial benefits as well.
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Contingency Species – towards a Plan B for the forest industry
Radiata pine continues to be a remarkable success story for New Zealand’s forest industry, but few within the industry
would dispute that dependence on a single species and one dominant overseas market is a high-risk operating
model. While a variety of species are grown in New Zealand, especially by small woodlot owners, there is currently no
viable ‘Plan B’ should the radiata pine industry go into decline.
Bart Challis, FGR’s Research & Development Director, has taken up the challenge of advocating for some serious
consideration of contingency species. “This is not the first time that the industry has had a conversation about this
issue,” says Bart. “But it is complicated. There are risks associated with both taking action or continuing as we are. The
forces shaping our industry are changing: fortunately the levy provides a means to revisit this whole topic and ensure
that whatever the future holds, the industry is well prepared.”
Rather than launching straight into considering what contingency species could grow where, the industry is being
encouraged to first take a systematic look into the future to try and identify what type of world it might be operating
in. A recent industry workshop included envisaging some scenarios within a series of ‘alternative futures’. The starting
point was that an enforced decline of the radiata pine industry would occur, which could range from an acute decline
(such as a devastating disease outbreak) to a gradual one (such as emergence of China’s own timber resource). Some
‘unstoppable trends’ likely to significantly influence forestry’s future operating environment were identified. These
included:
• impact of climate change
• emerging carbon markets
• societal expectations
• biosecurity threats
• China’s influence.
Within the context of these
unstoppable trends, there are
some critical areas of uncertainty
– aspects significantly affecting
the success of forest industry.
Five important critical
uncertainties are illusrated in
Fig 1. Workshop participants
discussed how taking action
Fig 1: Five areas of critical uncertainty for the forest industry in future.
could influence the impact of each
of the areas of uncertainty across
their spectrum. Combining all these ideas, future scenarios were imagined for different combinations of uncertainty
and levels of radiata pine decline, for example, different scenarios of radiata pine decline combined with uncertain
market conditions (Fig 2).
“Highlighting the significant unstoppable trends and critical uncertainties facing our industry in the future provides a
strong mandate for action,” says Bart. “There are undoubtedly areas where forest growers will need to take the lead,
however research has a strong role informing industry in some areas and leading in others. Understanding who is
going to be responsible for the driving action, and how to go about developing an investment model will be crucial to
delivering a successful outcome.”
Fig 2: Four scenarios of radiata pine decline combined with market uncertainty.

“ The forest industry
must be proactive
in preparing for
the future. There
was consensus at
the FGR workshop
that investment in
research and science
is a key pathway to
help us do this.”
Paul Adams, Forest Estate
Manager, Rayonier Matariki.

Acute decline of radiata
"Keep them happy"
• Diversify the products
• Looking at new end uses for degrading
product based on economics
• Strengthen operations and value
proposition of waste recovery
infrastructure.
High reliance on few markets

"She’ll be right"
• Test radiata against known threats
(in overseas location)
• Research to overcome interspecies
genetic boundaries.

"Mama mia"
• Develop shared value plays with markets
(take on a journey)
• Deepen customer relationships through
strong understanding
• Diversify estate with species and products.
High reliance on many diversified markets
"The winner takes it all"
• Hybrids; learn from others, collate
information, decide on what to pursue
• Phenotypic tools
• Try to protect the resource through
research e.g. endophytes
• Collage global information on hybrids.

Gradual decline of radiata pine
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Disclaimer: In producing this report, reasonable care has been taken to ensure that all statements represent the best information
available. However, the contents of this publication are not intended to be a substitute for specific specialist advice on any matter,
and should not be relied on for that purpose. Inclusion of product names does not constitute the endorsement of the product.
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not be liable on any ground for any loss, damage, or liability incurred as a direct or indirect result of any reliance by any person on
information contained or opinions expressed in this report.
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