SCION <=

forests -products-innovation

Specialty
Wood
Products

Research Partnership

REVIEW OF EUCALYPT WOOD PROCESSING ISSUES
AUGUST 2016

Authors: Dave Cown

Date:

Publication No: SWP-T016



TABLE OF CONTENTS

EXECUTIVE SUMMOARY ...oeiiiittttttiitueteueeseeeassessessesssssssssesssssssssssssssssssssssssssssssssssssssssssssssnnsssssnnmsnnnnnns 1
Eucalypt Forestry and Plantation ISSUES ...........ciiii i e e e 3
Eucalypts for Solid WO0d ProdUCTS............oouiiiiii et e e e e e e aa e e e e 9

FINAINGS (SBWING): ..ttt 19
Impact of Genetics and Silviculture on Log and Wood Quality ..........cccooeeeiiiiiiiiiiiiiieeeecceeiee e, 20
CONCLUSIONS . a e e e e e e e e e e e e e e e e e aaaaaaaas 22
Addendum 1 - Engineered Wood Products (EWP)..........coouviviiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeee 23
Addendum 2 - DUrability ISSUES ........ceeiiiiiiiiiiiiiiiiiiieeeee ettt 23
L ] N s SR 28
Disclaimer

This report has been prepared by Scion for Future Forests Research Ltd (FFR) subject to the terms and
conditions of a research services agreement dated 1 January 2016.

The opinions and information provided in this report have been provided in good faith and on the basis that
every endeavour has been made to be accurate and not misleading and to exercise reasonable care, skill
and judgement in providing such opinions and information.

Under the terms of the Services Agreement, Scion’s liability to FFR in relation to the services provided to
produce this report is limited to the value of those services. Neither Scion nor any of its employees,
contractors, agents or other persons acting on its behalf or under its control accept any responsibility to any
person or organisation in respect of any information or opinion provided in this report in excess of that
amount.



EXECUTIVE SUMMARY

The vast majority of eucalypt plantations worldwide (at least 20 million ha) have been established as
fast-growing exotic biomass forests for pulpwood and energy in tropical and sub-tropical
environments and have been a major success in that regard.

The Australian hardwood industry was founded on the utilisation of eucalypts, and has now moved
on from a long history of unseasoned utility timber to an industry aiming for higher-value
sophisticated solid wood products for appearance and structural uses, since eucalypt forests can
achieve high growth rates and the wood is known to potentially have superior performance
characteristics for many applications. Almost any conventional sawing system can be applied to
eucalypts provided there is an understanding of the material properties of the logs, but eucalyptus
logs are undeniably more difficult to process economically, mainly due to the common presence of
growth stresses, high wood shrinkage and associated internal defects. Nevertheless, it is possible
to produce timber of high appearance and strength quality although economic yields cannot be
guaranteed for various reasons.

Prior to about 2000, most conversion research on plantation eucalypts was ad hoc, without carefully
considering production issues or market requirements. It has now been accepted that material
properties should be carefully considered when planning all processing activities from felling and
log-making to primary log breakdown, sawing and drying. Research scientist, Dr Russell Washusen
(formerly a CSIRO world expert in eucalypt utilisation), has concluded that one of the biggest
remaining challenges in processing young eucalypt plantations is the limitation of the adverse
effects of growth stresses and shrinkage in both sawing and drying, and both must be carefully
considered in any new enterprise.

Production lines that can be considered consist of frame-saw lines, double-arbor-multiple-circular
sawlines, single to quad-band lines or even rotary veneer peeling for the production of laminated
veneer lumber. The basic approach to sawing eucalypts in South America (where most eucalypt
sawn timber is produced) is a twin saw unit and re-sawing the centre cant with a multi-saw. This
basic principle applies over a very wide range of throughputs, from about 3,000 m®/year to over
100,000 m3/year. The larger mills use more sophisticated, faster equipment with more saws, such
as quad band break-down units and combined optimisation technology. Modern technology may not
be particularly well suited to the NZ situation where log supply is erratic at best. According to one of
the most comprehensive reports on eucalypt processing, even technological advances such as
scanning, sawing and drying methods, can clearly help to improve the efficiency and recovery
levels, but cannot in themselves overcome material-related defects such as knots, grain deviation,
shrinkage, tension wood and gum veins. To take full advantage of the potential of the eucalypts, it is
necessary to understand the specific material characteristics of the species considered.

Conventional wood drying methods need to be altered from softwood schedules to provide greater
control over the timber drying conditions, moisture content, and the effectiveness of re-conditioning
treatments. Such control, coupled with improvements in sawing accuracy and sawmill efficiency, should
improve product recovery and quality and reduce processing costs.

Eucalypts in general have a reputation of superior strength and stiffness and this has been
confirmed in NZ studies. The reputation of some species for high in-ground durability, based mainly
on testing of old natural forest material, has perhaps been exaggerated for plantation products (in
fact treated radiata pine is superior in both above-ground and in-ground situations). Young material
from the same species is unlikely to show the same level of heartwood development and
resistance to decay as the old-growth on which many of the Australian durability classes are

based. Those that have been shown to perform best in this regard are either absent or very scarce
in NZ, due mainly inappropriate site conditions.
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The eucalypt situation in NZ has been fluid, with several phases where groups of species have been
recommended based on the evidence of small experimental plantings — often on farms and in
shelterbelts. As elsewhere, NZ research has been heavily focussed on genetics, siting and
silvicultural issues rather than wood processing techniques. After many studies in NZ during the
1980°s, it was concluded that for solid wood products, emphasis should be given to the ash
eucalypt group (E. nitens) as well as E. saligna and E. botryoides. Later on, more emphasis was
given to the Stringybarks. However, few sawmillers have become thoroughly familiar with the
specialised techniques required to successfully process eucalypts. For better success in the future,
operators must be trained in these specialised techniques and this will be best achieved in
specialist eucalypt processing plants with a consistent log supply. The fact that most of the eucalypt
plantation resource is very varied, fragmented and not specifically grown for solid wood products,
limits the chance of success.

One of the major current issues for New Zealand is that decisions regarding choice of genetic
stock, siting and silviculture are often made by landowners, decades ahead of utilisation
considerations without robust information on wood properties, technical behaviour, future market
conditions, or appropriate processing technology. Australian researchers have stressed the
importance of appropriate silvicultural treatments involving both thinning and pruning. On the other
hand, a few small-scale NZ studies have confirmed that favourable results are possible in
situations where good silviculture has been applied and sawing methods have been well
researched and applied. However, the merchantability of other material unsuitable for sawmilling is
likely to be critical to overall financial success. This is linked to silvicultural treatments which
produce sufficient high grade pruned sawlogs, the acceptability of knotty timber from unpruned logs
and the merchantability of thinnings.

Establishment of plantations aimed at solid wood products involves longer rotations, higher costs
and greater biological and market risks than simply growing for pulpwood or energy crops. Several
species show outstanding ground-durability properties, and fast growth rates, but there is often a
trade-off in terms of susceptibility to pests and diseases. However, the profitable management of
young eucalypt resources on an industrial scale has been elusive, and remains a major challenge for
the wood processing industry around the world.

Some eucalypt species are reputed to exhibit very high in-ground durability, and this has become a
sought-after property in order to limit the use of chemicals in wood processing for agricultural uses.
While this sounds attractive, great care must be taken to verify the growth, health and durability of
young material from selected species grown under NZ conditions. A robust long-term research
strategy must be followed, including the establishment of “graveyard” trials in different environments.

There can be no doubt that eucalypt plantations are potentially capable of producing large stems
with DBH to around 60 cm on relatively short rotation under good conditions, and the challenge is
to process them profitably into a range of useful products. In some areas, the phenomenal growth
rates recorded (e.g. up to 70 m3ha/annum) have helped the overall economics. However, eucalypt
processing is a specialist skill, not to be taken lightly. Those undertaking it should ensure that the
logs used have been well tended (thinned and pruned) and that they have read at least some of the
voluminous literature from the more comprehensive research completed in Australia.

Developing a robust eucalypt processing industry requires a range of skills. Growers need to be
aware of the best establishment, silviculture and harvesting techniques while processors should be
aware of the behaviour characteristics of the species they are dealing with, including defect
occurrence, growth stress development (significantly affecting conversion rates), and changing market
requirements.

Value-chain R&D similar to past targeted efforts is essential to maintain progress.
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EUCALYPT FORESTRY AND PLANTATION ISSUES

Eucalyptus species are endemic to Australia, but are now planted as exotics in many tropical and
subtropical regions due to their fast growth rate, short rotation, high productivity and adaptability to a
broad range of environments (Eldridge, et al., 1993; Harwood, 2011). The Eucalypt forest type as a
whole is dominant across most of Australia's forest area, with a total of 92 million hectares (or

74% of Australia's forest area) -
http://www.agriculture.gov.au/abares/forestsaustralia/profiles/eucalypt-forest. Eucalypt species are
by far the continent's most common forest type, and occurring in all but the continent's driest regions.
The term 'eucalypt' encompasses approximately 800 species in the three genera Eucalyptus,
Corymbia and Angophora, with almost all of these species native to Australia.

Current plantations worldwide are dominated by the “big nine” species (E. camaldulensis, E.
grandis, E. tereticornis, E. globulus, E. nitens, E. urophylla, E. saligna, E. dunnii, and E. pellita) and their
hybrids), which together account for more than 90% of Eucalyptus planted forests.

Despite the success of eucalypts as plantation species (about 20 million ha worldwide, mainly for
pulpwood or biomass), crop management is more complicated than with softwoods due to the fact
that introduced species require localised management techniques and can succumb to pests and
pathogens that may originate from their native or introduced environments (Gongalves, et al., 2013;
Withers, et al., 2015). Notwithstanding their promise, they have yet to prove to be a sustainable
and profitable basis for a solid wood industry in Australia, South Africa or New Zealand (Harwood,
2010; Nolan, et al., 2005). In fact, hardwood production in Australasia has declined as softwood
plantations have dominated (ANON, 2013). China and Brazil both have large areas of plantations,
but volume production rates vary enormously
(http://www.fao.org/docrep/005/ac772e/ac772e04.htm).

A large historic industry developed in Australia based on the harvest and processing of “old growth”
native forests. This industry has been in transition in recent decades as the harvest of native
forests significantly reduced due to land clearance for agriculture, forest protection, and
replacement with productive softwood plantations. Eucalypt plantation areas have rapidly
expanded since 1995 with the total now estimated at 0.98 M ha (most commonly Blue Gum -
Eucalyptus globulus, Mountain Ash - Eucalyptus regnans and Shining Gum - Eucalyptus nitens)
http://www.agriculture.gov.au/abares/forestsaustralia/profiles/industrial-plantations. The hardwood
industry has moved from unseasoned timber to aiming for higher-value dried products for
appearance and structural uses, since eucalypt is known to be capable superior performance
characteristics (https://www.daf.qld.gov.au/forestry/using-wood-and-its-benefits/wood-propertiesof-
timber-trees).

The subtropical eucalypt plantation estate in eastern Australia has developed over several periods of
expansion and has now reached around 4500 ha (http://www.australia.gov.au/about-
australia/australian-story/eucalypts). Before 1994, Australian state agencies, particularly Forests
NSW, had established about 20,000 ha of mainly Eucalyptus pilularis and E. grandis on land
previously under native forest in coastal areas with precipitation of more than 1,000 mm per annum.
Much of this area is now going into second-rotation plantations, mainly of E. pilularis. Since 1996,
state government agencies, particularly Tasmania (Eucalyptus globulus and Eucalyptus nitens)

have established large areas primarily for solid-wood products, and more recently private
companies have established large areas for pulpwood as well as for solid wood (Nichals, et al.,
2010).
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Some years ago eucalypt plantations were estimated to occupy up to 20 million ha worldwide
(Flynn, 2010), with approximately 45% of the plantations in Asia (these figures change rapidly). First
introduced in Brazil in the early 1900s as an alternative wood source, (E. grandis, E. europhylla and
others) it become a prime non-native crop, with plantations taking up 4.7 million hectares, giving the
nation the biggest share of world’s total of 19.6 million hectares. India comes in second with 4.3 ha,
followed by China with 2.6 ha. Currently, planted forests in Brazil total about 6.9million ha, from
which 4.9million ha is planted with eucalypt (Gongalves, et al., 2013).

Eucalyptus plantations in Brazil are among the most productive ecosystems in the world - typically
producing more than 40 m3/ha/yr of wood. Brazil now produces just over a third of all the plantation-
grown Eucalyptus sawlogs in the world (Acosta, 2008; Angelo, et al., 2015; Bradbury, 2010;
Cubbage, et al., 2014). Plans are afoot to introduce genetically modified trees which can be
harvested in 5.5 years instead of 7 years, and could well have implications for solid wood if accepted
by environmental regulatory bodies (Ledford, 2014; Stape, et al., 2010).

However, according to some commentators these eucalypt plantations are destructive, “monoculture
eucalyptus plantations cause a considerable loss of organic matter and increased acidity,
associated to the alteration of the normal values, which leads to the spread of fungi that prevents
water from penetrating the soil, causing surface runoff and soil erosion
(http://www.justmeans.com/blogs/eucalyptus-in-brazil-wooing-investors-ignoring-science).

The total area planted to eucalypts in China alone in recent estimates was 1.8 M ha (Blundell, et al.,
2013). South-Central China is expected to become a commercial forest base, but because of the
difficulties in producing high quality timber, most will be used for pulpwood. A similar situation exists
in Vietnam (Brown, et al., 2008).

Significant areas of fast-growing eucalypt plantations are now present to satisfy an increasing
demand for wood - some established with the goal of yielding solid wood products on relatively
short rotations (Stanturf, et al., 2013; Stape, et al., 2010). Compared to industrial eucalypt
plantations for pulpwood, those managed for solid wood are at an earlier stage of development.
This is related not only to current market maturity and size and the need to develop industries based
on a “new” resource, but also the requirement to apply recently developed silvicultural and
processing technologies (Baker, et al., 2006; Flynn, 2010). These are crucial issues that define
economic viability, financial risk and certainty for investment in this sector (Carnegie, et al., 2005).
Despite wide-spread planting in parts of Asia and Australia, South America is still expected to
produce 55% of the world's Eucalyptus roundwood. Most of the Eucalyptus roundwood produced
today is in South America (Acosta, 2008; Angelo, et al., 2015; Bradbury, 2010; Cubbage, et al.,
2014).

Growing long-rotation plantation eucalypts for sawlogs is a recent goal in Australia, but is also
currently being attempted to some extent in New Zealand, South America, South Africa, Spain and
Portugal (Baker, et al., 2006; Carnegie, et al., 2005; Flynn, 2010; Stanturf, et al., 2013; Stape, et al.,
2010). However, one Australian company apparently successfully processing young plantation
eucalypts on a 14-15 year rotation has recently gone into receivership (2010)
(http://renconforestry.com.au/sale-process-underway-for-forest-enterprises-australia-fea-assets/).

While the overwhelming majority of the plantation resource has been managed to produce either
pulpwood or fuelwood, a number of companies, including some large multi-national companies, are
changing their focus. Rather than targeting pulpwood or biomass as the objective, these companies
are extending rotations, and pursuing aggressive management regimes including early thinnings

and pruning, to produce higher value sawlogs with a maximum amount of clear wood (Beadle,
Volker, Bird, Mohammed, Barry, Pinkard, Wiseman, & Harwood, 2008; Brown, et al., 2008). In this
paradigm, the pulpwood produced — in the form of thinnings or conversion residues - is a valuable
by-product. Sawlogs make up only a small share of the total Eucalyptus harvest today

- approximately 6 million m 3 of sawlogs in total. Of this, just over half are logs from native Eucalyptus
forests in Australia, while the balance are from plantations worldwide. By 2015, the volume of

4
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sawlogs from native forests in Australia will be substantially smaller, but the total sawlog harvest will
be nearly double the current amount. Of the total production in 2015, an estimated 1.4 million m 3 are
expected to be pruned sawlogs (Flynn, 2010).

More than 80% of Tasmania’s eucalypt plantations were established with the intention of producing
pulpwood. At the relatively wide initial tree spacing used in plantations (compared to native forest
regeneration), shining gum and blue gum trees develop large branches on the lower stem and retain
them after the branches die. Without pruning and thinning, such plantation trees neither produce knot-
free wood nor attain sufficient log diameter to produce wide sawn boards (Harwood, 2010; Nolan, et al.,
2005). About 40 000 hectares (less than 20%) of Tasmania’s eucalypt plantations are being grown
under ‘sawlog’ regimes that include pruning and thinning, with the aim of producing large-diameter
pruned, knot-free sawlogs (Wood, et al., 2009). The best 300 or so trees per hectare have their lower
branches pruned in three successive lifts to a height of 6.4 m above ground during the first five years of
the plantation’s life, in order to provide a future sawlog. Pruning requires investment of more than
$1000 per hectare early in the life of the plantation. In many species it is not possible to produce knot-
free sawlogs by pruning at a later age because once the branches have died, the stem incorporates the
dead branch-wood. Thinning the smaller and poorly-formed trees early in the life of a plantation enables
the retained, pruned trees to grow more rapidly to produce knot-free ‘clearwood’ and reach the target
sawlog diameter of at least 40 cm in 20-25 years. Solid wood yields of high grade products from
unthinned and unpruned plantations have been poor (Nolan, et al., 2005).

Australian researchers have concluded that plantations should generally be established at around
1,000 spha to control weeds, improve early stem form, reduce branch size and allow for some
selective thinning. This is particularly important for species such as E. nitens, which do not shed
branches naturally (Beadle, et al., 2011). Pruning is also essential for solid wood appearance
products, but it must be carried out on small live branches to prevent the introduction of pests and
diseases (Montagu, et al., 2003; Wiseman, et al., 2006). Growers should be aware that thinning is
one of the contributors to the development of tension wood (Wentzel-Vietheer, et al., 2013). There
is a consensus that larger stems distribute growth stresses across a larger area and therefore
reduce the impact, but there is as yet no agreement on optimum thinning schedules (Washusen,
Harwood, et al., 2009). The economics of the required silviculture must be carefully evaluated
(establishment, thinning, pruning, fertilisers, rotation length).

The eucalypts that grow in the cool moist montane forests of southeast Australia include a number
of valuable timber species which will grow well in the cooler parts of New Zealand (Fry, 1983)
These are mostly ash eucalypts, but E. nitens, a gum, is also in this category (Anon, 2001).
Currently, there are around 12,000 ha of E. nitens plantation in Southland intended for biomass on
a rotation of 15 years, but with some potential for solid wood processing (Suontama, et al., 2016).
Overall, more than 100 species have been trialled, (mainly in the Gum, Ash and Stringybark
botanical groups) but relatively few have been accepted as plantation prospects (Bunn, 1971, 1981;
Kininmonth, et al., 1974b; Shelbourne, Nicholas, Hay, et al., 2003). State policy at one time set
targets for specialty products and proposed using E. delegatensis, E. fastigata, E. regnans, E.
botryoides, and E. saligna (Anon, 1981). This policy was abandoned after Forest Service re-
structuring in 1987. In general, the Stringybarks are more amenable to sawing, but the Gums and
Ashes present more problems, particularly during drying (Haslett, 1988d, 1988e; Haslett, 1990). An
outline of some of the issues was given in an earlier review (Todoroki, 2012).

A great variety of Australian trees have been introduced into New Zealand, where many of them
can be grown successfully, and some have become acclimatised and will regenerate naturally
under certain conditions. Various Eucalyptus species have been popular, initially for shelterbelts
and general farm use (Weston, 1957), and were subsequently planted in plantations, mainly for
pulpwood, only to lose favour following serious mortality due to introduced pests (Fry, 1983). They
ncluding E. globulus and E. nitens (until a biological control was introduced on Paropsis in 1989). In
this genus of over 800 species, probably 50—100 could produce utilisable timber in some part of
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New Zealand, but in reality, no more than 12—15 species are worth serious consideration, and in all
cases species must be matched to site and vice versa because they are very site specific (Reid,
1957). An interest in short-fibre was revived in the 1960’s, mainly by NZ Forest products (Shelbourne,
et al., 2006).

Unfortunately, there is a permanent biological threat with eucalypts. Australian insects have had a
big impact on the value of eucalypts as plantation and amenity trees in that country, and they have
been arriving in New Zealand for approximately 150 years. New Zealand lies 1800 km down-wind to
the east of Australia, and trade and travel is frequent between the countries, creating a high
biosecurity risk (Kay, 2005). This is also the case in other countries planting eucalypts as exotics
(Lorentz, et al., 2015). Early plantings (pre 1900) enjoyed relative freedom from insect pests, but
the rate of establishment of new arrivals into New Zealand from Australia increased steadily during
the 20th century. At the peak of invasions in the 1990s, one new eucalypt specialist established
every 17 months. There are now over 30 specialist eucalypt insect pests in New Zealand, about a
third of which have caused serious damage (Withers, 2001). Biological control against eucalypt
insects started in 1905 and has been extremely successful, with four out of five targeted species
under full control. A number of self-established species have also provided control. Over time,
various Symphyomyrtus group eucalypt species have gone out of favour with growers as new pest
introductions discover this resource. A number of species have suffered biological setbacks from
time to time (e.g. E. globulus, E. nitens) as introduced pests and diseases discover preferable hosts
(Berndt, 2010).

During the late 1970s and 1980s eucalypts grown for sawn timber in NZ were confined mainly to
three ash species (Eucalyptus fastigata, E. delegatensis, E. regnans), and two gums species, (E.
botryoides and E. saligna). Except for E. fastigata, these species have since proven to be largely
unsuitable for solid wood, because they are either difficult to saw, have sub-standard wood
properties, or there are serious issues with crop health. Latterly, results indicated that some
stringybarks (E. microcorys and E. pilularis) can grow well in New Zealand across a wide range of
sites, although site-species matching is critical (Shelbourne, 2009). Growth rate per se may not be a
crucial issue, as stringybarks have better sawing characteristics than species from other eucalypt
groups. An upbeat analysis of the future prospects for eucalypts for specialty markets was given by
Nicholas, et al., 2007, but it would be dependent on a significant breeding effort to identify “élite”
genotypes based on early corewood assessments (Apiolaza, et al., 2009).

In any region, careful species choice is necessary due to the limitations imposed on individual
species by frost, differing moisture regimes and complex weather and soil variations. Species-site
matching is further complicated by pest and disease problems in the major species that often are
first evident where species are not ideally sited. Several pest and disease problems have become
evident only after establishment in plantations - even healthy plantations require careful siting and
silviculture (including rotation length) to ensure compatibility with prospective markets (Beadle,
Volker, Bird, Mohammed, Barry, Pinkard, Wiseman, & Harwood, 2008; De Moraes Gongalves, et al.,
2004; Washusen, Reeves, et al., 2004; Wood, et al., 2009).

While it is agreed that plantation wood differs considerably from that from natural forests (de Fégely,
2001; Volker, 2005), studies have shown that thinning intensity in itself has only a small impact on
processing potential (Washusen, Harwood, et al., 2009).

An excerpt from NZ wood (http://www.nzwood.co.nz/forestry-2/eucalypts/) is as follows:

“‘New Zealand has 28575 hectares planted in eucalypts, with a median age less than 10 years.
Approximately 7.5% is of millable age. Eucalypts are exceptionally fast-growing, with timber grown
in New Zealand to 30 years age similar to much older material from Australia. Most of the
harvestable timber available at present is located in the Central North Island, although small
guantities are also available in Northland and Auckland regions. Significant plantings of young
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Eucalypt trees have been made in the past five years in the Otago and Southland regions, and also
the Central North Island.

The eucalypt species grown in New Zealand are grouped as follows for simplicity because of their wood
similarities:

The Eastern Blue Gum group: E saligna and E. botryoides

The Stringybark group: E. muelleriana, E. globoidea, E. eugenoides, E. microcorys, E. pilularis. The
Ash group: E. delegatensis, E. fastigata, E. regnans, E. obliqua.”

To grow these eucalypts in New Zealand with good even diameter growth to a size suitable for
milling or veneering, final crop stockings should be around 100/ha, perhaps a few more where
sawn timber is the main aim (E. fastigata, E. obliqua ) and a few less where veneer is the goal (E.
nitens, E. regnans, E. delegatensis). Species and provenances with naturally good form require a
selection ratio of about 3:1, but others require a selection ratio of at least 4 or 5:1 to get a
satisfactory final crop. Bearing in mind that low initial stockings will result in shorter branchy trees,
initial planting rates are usually 400 to 1,000sph (Anon, 2001; Cassidy, et al., 2013; Jones, et al.,
2010; Revell, 1981).

Although some of these eucalypt species will shed some of their smaller horizontal branches
naturally, larger and more steeply angled branches will need to be pruned if the aim is to produce
veneer logs or long clear lengths of lumber. For high quality solid wood or veneer, a strict thinning
and pruning schedule is vital (Forrester, Collopy, et al., 2013; Gerrand, et al., 1997; Peng, et al.,
2015; Reid, et al., 2014; Roper, et al., 2000; Washusen, 2011; Washusen, Northway, et al., 2009).
Pruning should be done at the driest time of the year — mid to late summer — and should not exceed
half the tree height if growth is not to be too greatly affected. Over-pruning will result in adventitious
shoots sprouting later from the pruning wounds. Thinning is critical, and should be carried out
before crowns touch if diameter growth is to be maximised. As there is little evidence of a market for
thinnings, except as firewood or pulp chips, trees should be removed as soon as it is evident that
they will not form part of, or have a beneficial influence on, the final crop.

Establishment of plantations aimed at solid wood products involves longer rotations, higher costs
and greater biological risks than growing pulpwood or energy crops (Berndt, 2010; Dungey, et al.,
2002; Withers, 2001).

Yields of high-quality logs (those with high recoveries of appearance grade material) in unpruned
stands are low (Peng, et al., 2015; Washusen, 2002; Washusen, Menz, et al., 2004; Washusen,
2008b; Washusen, Reeves, et al., 2004), and dependent on good silviculture (Bravo, et al., 2012;
Brennan, et al., 2004; Chikumbo, et al., 2011). Silvicultural considerations include:

. Species selection

. Spacing limitations based on planting costs, merchantability and windthrow
. Exposure to pathogens

. Low recovery of appearance grades from unpruned logs

. Variable occlusion of branch stubs

. Development of tension wood due to stem instability

. Kino vein problems

. Brittleheart

. Risk of decay entering from pruning and thinning damage

There is a wealth of evidence for genetic variation in commercial solid timber characteristics of
eucalypts
(Apiolaza, et al., 2005; Blackburn, et al., 2012; Blackburn, et al., 2010; De Padua, et al., 2004;

SWP-T016 Review of Eucalypt Wood Processing Issues_G11



Hung, et al., 2015; Kennedy, et al., 2012; Raymond, 2002; Shelbourne, et al., 2002; Silva, et al., 2009),
all of which indicates that significant improvements can potentially be achieved over time through
targeted breeding.

In any plantation estate, several eucalypt species are often required to fully utilise the available land
due to the limitations imposed on individual species by frost, differing moisture regimes and
complex soil landscapes. Species-site matching is further complicated by pest and disease issues
in the major species that often are first evident where species are introduced or not ideally located.
Several pest and disease problems have become evident only since the widespread planting of
major species in plantations and were apparently present only at low levels in the native
populations of these endemic species.

In New Zealand, growers have found that despite the large numbers of eucalypt pest introductions,
eucalypts in the Monocalyptus subgenus have remained relatively pest free while thos in the
Symphyomyrtus subgenus have been palatable to pest introductions (Health issues with eucalypts,
New Zealand Tree Grower November 2006, Denis Hocking)

Some subtropical species can produce trees having excellent wood properties, but the quality of
timber from native forest trees and plantation-grown trees differs greatly (Sheild, 2003) and much work
remains to be done to define optimum rotation lengths and management regimes.

Localised silvicultural and breeding strategies have been developed to improve performance
(Bailléres, et al., 2002; Beltrame, de Peres, Delucis, et al., 2015; Blackburn, et al., 2012; Blackburn, et
al., 2010; Blackburn, et al., 2013; Candy, et al., 1997; Cassidy, et al., 2013; De Moraes Gonsalves, et
al.,

2004; Ferraz Filho, et al., 2014; Malan, et al., 1992; Nichols, et al., 2010; Pelletier, et al., 2008;
Raymond, et al., 2004; Raymond, 2002; Revell, 1981; Schonau, et al., 1989; Stovold, et al., 2009;
Washusen, Northway, et al., 2009; Wood, et al., 2006; Wu, et al., 2011).

Many countries plant eucalypts as exotics to breech an anticipated wood shortage in the short term,
however there are many significant issues involved, such as siting, establishment, species
selection (provenance, clone), silviculture, rotation age, monitoring health. However, even if
plantations are successfully established and nurtured to maturity, there remains the major issue of
utilisation. This is particularly relevant for solid wood uses (sawn timber, veneer and composite
products.

Given the potential for both pulpwood and sawlogs, it should be possible to supply both from well-
managed plantations (Beadle, Volker, Bird, Mohammed, Barry, Pinkard, Wiseman, Harwood, et al.,
2008; Brown, et al., 2008; Nichols, et al., 2010; Wardlaw, et al., 2003).

One of the recurring issues in eucalypt exotic forest management is the frequently shifting species
priority, with the result that research tends to be fragmented, subject to changing fashion.

As recently as 1988 a review suggested that hardly any Australian tree species had yet proved to
be a significant economic success in New Zealand (Wilcox, et al., 1988) but would very likely be
planted by enthusiasts, despite the threat of possible devastating introductions of new insects
(Nicholas, et al., 1992). This means that from a solid wood point of view, the material processed has
been opportunistic, is based on availability, rather than targeted stands, leading to sub-optimal
results (McKenzie, 1999). Australian authors have attributed the lack of success in developing an
industry to insufficient volume available, discontinuity of supply, trees too immature, wrong species,
lack of targeted silviculture, and unfamiliarity to sawmillers (Candy, et al., 1997).

Solid timber from eucalypt species grown and processed in Northland is marketed throughout New
Zealand and exported to Australia. (D. Satchell, pers. Comm). The primary species (E. pilularis and
E. saligna) produce wood of higher density and durability than the cold climate Ash species,
however.
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With a new era in carbon and bioenergy forestry on the horizon, fast growing eucalypts are gaining
favour in some quarters, potentially opening a new resource to Australian pests in New Zealand
(Berndt, 2010; Dick, et al., 2004; Withers, et al., 2015). It is also possible that invasive organisms can
originate from all over the world due to increased trade (Nahrung, et al., 2016).

EUCALYPTS FOR SOLID WOOD PRODUCTS

In the past many species of eucalypts were planted in New Zealand, initially to provide shelter and
for amenity purposes and provision of naturally durable timber (Fry, 1983; Reid, 1957), and later
still for pulp, paper and solid wood (https://www.nzgeo.com/stories/eucalypts-trees-of-the-future/).
In New Zealand, indigenous and imported hardwoods have been used to meet the demand for
clearwood suitable for purposes such as high-quality furniture, joinery, and decorative veneers.
However, because of a dramatic reduction in the volume of indigenous forest felled, and significant
increases in the price of imported timbers, exotic sources of special-purpose timbers such as
eucalypts are now being sought. More recently, the case was often made for a resource of
specialty timbers, including furniture, cabinet work, turnery, sliced veneer production, interior joinery
and/or exterior joinery and cladding, as well as composite products such as laminated veneer
lumber (Dungey, et al., 2013a; Hay, et al., 2005). Early research had identified some of the issues
(Barr, 1971; Hay, et al., 1984; Revell, 1976). However, overall, insufficient care and attention was
paid to the species choice, site selection and preparation, the provision of good quality nursery
stock, and establishment practices, so only a few of these early plantings yielded much saleable
timber. This unfortunate experience does not mean that eucalypts cannot be grown well in this
country, as selected species, appropriately grown and managed, can produce shortfibred pulp for
the manufacture of fine papers and some high-grade clear timber suitable for furniture, interior
joinery, and other special end-uses such as those requiring natural durability (Haslett, 1990; Revell,
1982; Satchell, 2015b, 2016; Satchell, et al., 2010a).

However, the establishment of a crop is not itself sufficient to quarantee success and plantation
wood differs from wood from natural forests in several important respects:

. Younger and even-aged logs

. Potential of high value from pruned butt logs

. Greater volume of corewood and lower wood density
. Less radial gradient in growth stresses

. More prone to internal checking and collapse

One of the primary commercial uses of eucalypts worldwide is as a source of pulpwood wood
(Arnold, et al., 2013; Hamilton, et al., 2015; McGavin, et al., 2015; McGavin, et al., 2014)., but
efforts to create industries around solid wood from plantations have had highly variable results (de
Fégely, 2004; Harwood, 2010). The reasons for this are related to species characteristics and
silvicultural management: many species have high wood density, and good hardness and stiffness
as well as even colour and texture. However, they also have high variability in most important
properties (Beltrame, de Peres, Delucis, et al., 2015; Eleotério, et al., 2015; Loulidi, et al., 2012;
Sharma, et al., 2015; Wu, et al., 2013; Wu, et al., 2012). The FRI/Industry Cooperative
“Management of Eucalypts” undertook a large body of work during the 1990’s and early 2000’s,
focusing mainly on breeding, silvicultural and siting issues (Stovold, et al., 2009), but also
recognised issues with “corewood” comprising the knotty core — with growth stress, collapse, decay,
kino and brittleheart — all of which impact on grade recovery (Ananias, et al., 2014; Blakemore, et
al., 2008; Haslett, et al., 1997a; llic, et al., 1986; Nicholas, 1992; Pinkard, et al., 2004; Wadlaw, et
al., 1999; Warren, et al., 2009). In fact, collapse on drying (llic, et al., 1986) is so severe in certain
species of the ash group with low wood density that their viability as commercial timber producers
has been questioned (Harris, et al., 1987).
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Australian researchers in particular have found that untended stands planted for biomass are
generally unsuitable for high sawmill recoveries and good appearance timber grades (Blakemore,
Morrow, Ngo, et al., 2010; Brown, et al., 2008; de Fégely, 2004; Harwood, 2010; Washusen, 2008a,
2013b).

Eucalypts have been milled from natural forests for a long time by conventional means, and
processors have learned by experience how to deal with the characteristics of the particular species
(degree of shrinkage, growth stress, collapse, internal checking, gum veins and knots). Eucalypt
species come in a great variety of species, most of them with unique crown or log features which
necessitate prior knowledge for successful processing (Ananias, et al., 2014; Beadle, Volker, Bird,
Mohammed, Barry, Pinkard, Wiseman, Harwood, et al., 2008; Blakemore, Morrow, Ngo, et al.,
2010; Blakemore, Morrow, Washusen, et al., 2010; Blakemore, et al., 2009b; de Fégely, 2004;
Nolan, et al., 2005; Rebolledo, et al., 2013; Shelbourne, Nicholas, McKinley, et al., 2003;
Washusen & Innes, 2008). Differential shrinkage and collapse are inherent properties of some cold-
climate low-density eucalypt timbers and shrinkage varies markedly between eucalypt species
(Blakemore, et al., 2009b; Campbell, et al., 1978; Vermaas, 1995). Normal shrinkage is not affected
to any great extent by drying conditions, but collapse shrinkage (above the fibre saturation point -
FSP) is greatly affected by drying rate and can cause serious degrade in some species (Ananias, et
al., 2014; llic, et al., 1986; Innes, 1996; Peng, et al., 2015; Rezende, et al., 2015). "Gross
shrinkage" describes the combined effect of the combined effect of normal shrinkage and collapse
shrinkage. Until recently, many Australian sawmillers considered fast-grown plantation eucalypts to
be too hard to process on account of the prevalence of growth stresses (de Fégely, 2004; Wardlaw,
et al., 2003; Waugh, et al., 2002). Some of the manifestations and effects on sawing of stresses
and other internal defects have been documented in many reports.

As with other species, hardwood wood stiffness is determined by a combination of wood density,
microfibril angle (MFA) and spiral grain. Overall, wood density seems to be the predictor of the likely
strength performance (Yang & Evans, 2003). The wood density levels shown by the eucalypts in
general are significantly higher than most softwoods
(http://www.csudh.edu/oliver/chemdata/woods.htm). The potential is therefore for much stiffer and
stronger products (Walker, et al., 2011). Values of both density and MFA increase with distance
from the pith, so stem age or growth rate/silvicultural regime also is a factor in determining if the
inner young wood is adequate to meet requirements. With most eucalypts this is easily the case,
(McKinley, et al., 2000) but in NZ, E. nitens is an exception with some very low wood density values
close to the pith in the “corewood” or juvenile wood region (350 - 400 kg/m3) showing lower log and
stem value than most other species (Haslett, 1988d; McKinley, et al., 2003). Nevertheless, studies
have confirmed that laminated lumber from young 15 year old E. nitens buttlogs was superior to
radiata pine (Gaunt, et al., 2002). Veneer from the heavily branched, unpruned second logs of
fifteen-year old E. nitens was also successfully manufactured into LVL. Although visual grading
indicated that most of the veneer was not suitable for construction plywood, it produced LVL with
high stiffness and extremely high strength achieving MGP12 or F17 as limited by stiffness.

One of the unique wood features of hardwoods in general - tension wood - is similar but more insidious
than compression wood in softwoods because it can result in non-recoverable collapse (Lausberg, et
al., 1996; Washusen, 2002; Washusen, Ades, et al., 2002; Yuniarti, et al., 2015).

Much research has been carried out over the years on specific species and site conditions and it
goes without saying that good results are very dependent on species, silviculture and local
knowledge (Satchell, 2006; Washusen, 2002). These latter results were in contrast to the issues
with 15-year old nitens documented by Scion researchers only a few years earlier, where log end-
splitting and variable recoveries were serious drawbacks for both timber and veneer (McKenzie, et
al., 2002). It has been suggested that the inclusion of eucalypt veneers alongside radiata pine
would significantly enhance product stiffness (Gaunt, et al., 2002). A separate review is being done
on eucalypt for veneer and composite products (Gaunt, pers. comm.).

10

SWP-T016 Review of Eucalypt Wood Processing Issues_G11



Natural durability of eucalypt wood is highly variable, depending on species, wood age and tree-to-tree
variability (McCarthy, et al., 2009). This review does not specifically cover wood durability, but some
comments are to be found in Appendix 2 — Wood Durability Issues.

A tremendous amount of research has been done in Australia in particular to examine the solid wood
potential of plantation eucalypts (Nolan, et al., 2005; Reid, et al., 2014), but it is only over the past 10
years or so that systematic studies have been undertaken in full knowledge of the technological and
of market requirements (Washusen, 2011). Even so, detractors have suggested that a viable
industry is unlikely to develop (de Fégely, 2004). It is true to say that most early sawing studies (prior
to about 2000) could best be described as exploratory (Washusen, 2013b).

Better understanding of the variability in wood characteristics within and between logs and timber has
led to suggestions of segregating material before or during processing to ensure greater uniformity in
the production and avoidance of logs below minimum specifications (Dickson, et al., 2003; Garcia, et
al., 2010; Meder, et al., 2010; Warren, et al., 2009). It is worth noting that while techniques are being
developed to estimate the mechanical properties of logs, they give little indication of stress levels or
internal appearance properties (Washusen, Morrow, et al., 2008) — factors that can make or break
the economics of processing.

One of the most comprehensive reports on adding value to Eucalypts concludes that

Australia still “does not currently have a solid wood products industry that profitably processes
plantation eucalypts” (Beadle, Volker, Bird, Mohammed, Barry, Pinkard, Wiseman, & Harwood,
2008). This is a very significant statement, and should be compulsory reading for owners of
eucalyptus plantations. Many CSIRO and Co-operative Research Centre reports deal specifically
with sawing and drying eucalypts for high value wood products (Redman, 2008; Washusen, 2016;
Washusen, Harwood, et al., 2009; Washusen, 2008b; Washusen, Northway, et al., 2009).

A recent Australian study (Beadle, Volker, Bird, Mohammed, Barry, Pinkard, Wiseman, Harwood, et
al., 2008) concluded “Since 1988, there has been a major focus in Tasmania on research for the
management of temperate eucalypt plantations for solid wood. This coincided with the formal
transfer of large areas of native forest that had previously been part of the production forest estate
into reserves, a decision that triggered the establishment of eucalypt plantations for solid wood”.
The study summarised research on several key areas: silvicultural requirements for solid-wood
production; wood properties of plantation-grown eucalypts and the influence of silviculture and
genetics on these properties; factors influencing stem defect and decay; balancing silvicultural
requirements with maintenance of tree vigour; and issues concerning wood processing and
products. They concluded that there are still significant operational challenges to be confronted in
the production of solid wood from plantations. There is widespread consensus that the single most
serious issue is the development of growth stresses in trees and logs and the consequent impact
on log handling and processing (Biechele, et al., 2009; Brown, et al., 2008; Chafe, 1979; Omonte,
et al., 2015; Severo, et al., 2010; Trugilho, et al., 2008; Yang, et al., 2004; Yang, et al., 2001). If
these can be overcome in the medium term, temperate plantation eucalypts have the potential to
provide wood products that meet the requirements for appearance-grade material and that can
compete in the same markets as wood from native forests. The bigger challenge at the national
level will be to provide the log volumes of suitable material to meet the anticipated demand 25 to 30
years from now.

A persuasive argument has been made to encourage the use of eucalypts in NZ on that basis that
they can produce useful wood on much shorter rotations (12-18 years) than softwoods without the
deleterious effects of corewood (Walker, 2013). However, as pointed out in this review, there are many
other issues with tree growth and wood performance which have to be carefully considered when
dealing with eucalypts.

The most comprehensive NZ information on handling eucalypts was collated some years ago
(Haslett, 1987; Haslett, 1988a; Haslett, 1989; Haslett, 1990; Haslett, Kininmomth, et al., 1984), but
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tends to concentrate on older material, similar to the Australian old-growth. A more recent approach
was take for evaluation of E nitens, well-tended on a productive site at 15 years of age, using best-
practice sawing to produce floorboards (Satchell, 2016). Good recoveries were reported, with only
about 15% loss due to defect removal, and economic estimates gave moderate financial recovery.
This is perhaps the most relevant NZ eucalypt sawing study to date.

The indications are that almost any species in NZ will potentially yield strong veneers (Farrell, et al.,
2008; Hague, 2013; Hamilton, et al., 2015). The limiting factors for commercial success are likely to
be plantation growth rates and health, recovery losses due to stresses, collapse, shrinkage and
defects, rather than the intrinsic stiffness of the wood.

Sawmill equipment
Historically the Australian timber resource has been dominated by larger diameter mature and over-
mature trees, which provided the sawmilling industry with high quality feedstock. During processing
of large, old-growth logs, sawmills had to deal with some losses from growth stress release, but the
timber was largely slowly air-dried, had excellent woodworking properties, dried well with limited
degrade, and machined and worked v:/ell.

Fig. 1 Eucalypt Old Growth log (Leech, 2008)

Large-dimension logs represent a decreasing proportion of current supply, pricing for timber from
these logs is not substantially differentiated from pricing for timber from smaller logs (Leech, 2008).
Properties of timber from large-dimension logs cannot be distinguished clearly from those of timber
from other logs. However, they are purported to include improved stability, hardness, appearance
and overall recovery and a higher percentage of wide, thick and long boards. The industry was
primarily focussed on producing construction grade material for the local and national building
market. Competition from framing grade Pinus radiata kiln-dried timber has seen to drive a refocus of
the sawn eucalypt output to kiln-dried appearance grade products.

As younger and smaller-diameter resources became available and kiln drying increased the
consequences of growth stress release became much more significant. While it is debatable as to
whether the stresses are higher in these younger plantations as resource age and diameter
declines, the radial gradient in stresses clearly increases in younger trees. Reported recoveries in
plantation vary significantly, according to species, the equipment used and to growth stresses and a
variety natural defects (Blakemore, Morrow, Ngo, et al., 2010; Blakemore, Morrow, Washusen, et
al., 2010; de Fégely, 2004; Haslett, 1988b; Innes, et al., 2008a; Jones, et al., 2010; Washusen,
2013b; Waugh, et al., 1991). Sawmilling equipment has consequently been modified to improve
sawing accuracy and to better control growth stress release (Blackwell, et al., 2006). For example,
the 'line-bar' carriage and log turning devices, and twin-saw and multi-saw systems, have gradually
become more common over recent decades. These modifications no doubt improved sawing
accuracy and have assisted in the control of stress release by applying more symmetrical cutting
patterns. Sawing methods are still being modified as the characteristics of plantations change
(Satchell, et al., 2010b). High longitudinal growth stresses, particularly in small (>30cm) diameter
eucalypts lead to end splitting of logs, flitches, slabs and boards, distortion in final products and
variable product thickness, all of which reduce product recovery, product value and processing
efficiencies (De Lima, et al., 2002; Okuyama, et al., 2004; Peng, et al., 2015; Vega, et al., 2016). In
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many cases sawmills will cut oversized boards and slabs to ensure acceptable final sizing after
drying, but this also reduces recoveries and mill efficiency substantially, particularly in small
diameter logs (Blundell, et al., 2013; Washusen & Innes, 2008). Drying from green and kiln drying
thicknesses over 20mm have proven uneconomic.

Processing solid wood from young eucalypt resources remains a major challenge for the wood
processing industry around the world (de Fégely, 2004; Washusen & Innes, 2008). The largest
volume being sawn is in South America (Flynn, 2010), mainly using the twin saw and centre cant multi
saw system and works well. Eucalypts are also sawn in many southern African and Mediterranean
countries. In Asia, eucalypts are mainly peeled for structural veneer products.

As in Australia, processing plantation eucalypts in New Zealand with conventional saws has given
variable results (Haslett, 1987; Haslett, 1988a, 1988c; Haslett, 1988d; Haslett, Kininmomth, et al., 1984;
Jones, et al., 2010; Kininmonth, et al., 1974a; McConnochie & Low, 2007; McKenzie, Turner, et al.,
2003b; McKenzie, 2000; Revell, 1976; Shelbourne, et al., 2001). Many of the processed logs came
from untended stands and were not representative of the potential resource (Revell, 1981). Some years
ago it was pointed out that New Zealand, sawmills did not have the most appropriate equipment or
training to deal with eucalypts (Haslett, 1988e). This is still largely the case today, despite the intention
of converting younger stands to superior products. Few serious attempts have been made to
incorporate the knowledge gained by Australian researchers, and both the number of specialist
sawmills and well-designed research sawing studies has diminished dramatically (Satchell, 2015b).

The results of surveys indicate that traditional sawmills in general are poorly equipped to handle
plantation grown eucalypts and have used much the same equipment as for natural forest logs,
albeit with the addition of a line-bar to reduce distortion and variation in sizing (Washusen, 2013b).
This situation is probably widespread — for instance (Washusen & Innes, 2008) had pointed out that
"in Australia, Vietnam and China most of the existing sawmilling equipment is probably inadequate
for this purpose”. Washusen, Morrow, et al., 2008, used contemporary technology (twin bandsaw
and twin blade edger) but conventional natural-growth eucalypt drying methods on plantation E.
nitens which resulted in good sawn timber recoveries but poor dry product grade recoveries. The
same situation applies in New Zealand (Haslett, 1988e; Todoroki, 2012) where there have been no
speciality eucalypt sawmills built, at least partly on account of the small, varied and unpredictable
resource.

The optimum sawing strategy adopted (Fig. 2) will depend on species, log size and the desired
product mix, but of course it is often in practice limited by available sawing equipment. For larger logs
guarter-sawing seems to be the preferred option for appearance grade products (Nolan, et al., 2005).
It should be noted that the choice of sawing strategy affects the principle grain orientation of boards
and hence the shrinkage and checking behaviour (Washusen, Morrow, et al., 2008).
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Quarter sawing strategy ‘ ‘

Recovery: >40 cm SED moderate-high; <40 cm
SED low-moderate.

Advantages: Surface checking and internal checking
is minor in collapse prone species. Can produce
thicker boards. Low shrinkage across face of the
boards.

Disadvantages: Greater losses due to growth stress
related distortion in small diameter logs. Drying

times longer.

Relative cost: High in small diameter logs. | |
Back sawing strategy .
Recovery: >40 cm SED moderate-high; <40 cm :

SED moderate-high. .

Advantages: Produces wider boards than quarter :
sawing. Potentially faster log throughput and lower :
sawing costs. ’

Disadvantages: Drying degrade can be high in -
many eucalypt species. High shrinkage across face of v
board in some species.

Relative cost: Low in all diameter classes, very low »
in high throughput systems. v

Figure shows log breakdown strategy for 45 cm SED
log on twin saw equipped with chippers.

Fig. 2a: Main Eucalypt Sawing Strategies Nolan (et al.) 2015

(a) (b)
Fig. 2b: Typical Boards from Sawing Patterns in Fig. 1a

A relatively new and untested concept is Radial Sawing (Fig. 2c). This produces a wide range in widths
of flat-sawn boards, which can be prone to surface checking.

Radial sawing strategy

Recovery: Very high recovery of radial sawn wedges
and high recovery of back sawn boards.

Advantages: For back sawn boards evidence
suggests higher recoveries of non-conventional
bevelled products than conventional sawing.

Disadvantages: Prototype system has slow
throughput. However, there is potential for technical
improvement. The pattern illustrated produces high
volume of narrow boards suitable from a restricted
range of applications.

Relative cost: Uncertain.

Figure adapted from Radial Timber Australia
brochure

Fig. 2c: Radial Sawing
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With quarter sawn timber, the growth rings are predominantly parallel to the short face. The long
face of every board is close to a radial face so a large number of growth rings can be seen on this
face. Quarter-sawing timber is best for hardwood species that are prone to collapse during drying.

Quarter sawn timber has the following advantages: O Best grain shows on face
. Good wearing surface for floors, furniture
. Radial face preferred for coatings
. Lower width shrinkage on drying O Less cupping and warp than other cuts 0  Can be

successfully reconditioned.

Back-sawing is the simplest and most common sawing method used for eucalypts in Australia and
tends to yield high-grade timber from logs. Most structural timber and many appearance products are
backsawn. With backsawn timber, the long face of each board is close to a tangential face, and the
short face is close to a radial face. Growth rings are parallel to the long edge and the wide face does
not intersect many growth rings. The growth rings on the wide face appear to be appear wide apatrt.
This approach offers more flexibility in that large boards can be backsawn from the centre of the log,
where the board width can be around the diameter of the log.

Back sawn timber has the following advantages:

. Seasons more rapidly
. Good figure on face
. Less prone to splitting when nailing O Wide sections possible O Few knots on

edge. Less crook (spring) in boards
The disadvantages of back sawn timber include:

. Shrink more across width when drying
. More likely to warp and cup
. Collapsed timber more difficult to recondition.

Back-sawing vs. quarter-sawing is partly theoretical as log taper and ring patterns ensure a lot of
variation in the grain orientation of individual boards.

Radial sawing is not very common, but has an efficiency that the other cuts cannot achieve, and
makes optimal use of a log. Because of the cutting pattern, each piece of radially sawn timber is a
wedge shape. It has sapwood on the wider edge and pith or corewood at the point. As real logs are
not perfectly round and not perfectly straight, each radially sawn board reflects the longitudinal
shape of the log. These details can make for interesting architectural use of the timber. Apart from
flooring, radial sawn timber is used mainly for external applications such as cladding, decking, poles,
wedges and timber screens. Radially sawn timber has the following advantages:

. Dimensional stability

. Less prone to warping, cupping 0  Less wastage in milling.
The disadvantages of radial sawn timber include:

. Wedge shaped cross section

. More difficult to detail

. More difficult to stack.

The success of sawing strategies is highly dependent on the levels of growth stresses present
(Nolan, et al., 2005; Redman, et al., 2016). Slowing the drying rate of logs reduces defects such as
internal checking, collapse, case hardening and surface checking. However, if the timber is dried
too slowly sapstain and mould growth can discolour the timber. The thicker the timber, the longer
the drying time, and the more difficult it is to dry without degrade. Internal checking is much more
likely as thickness increases with higher shrinkage hardwoods. Where internal checking takes
place ripping the timber to smaller sizes results in significant surface checking degrade
(http://www.nzffa.org.nz/specialtyhttp://www.nzffa.org.nz/specialty-timber-market/information-
resources/drying/drying-hardwoods/timber-market/information-resources/drying/drying-
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hardwoods/). This section timber (12mm nominal) has been found to dry with little collapse and
checking degrade.

Research scientists, Dr Russell Washusen and Gary Waugh (pers. comm.) maintain that the
biggest challenges of processing young eucalypt plantations are trying to limit the adverse effects
of growth stress release and internal defects such as log end splits, collapse, knots, and gum veins.
Other scientists agree (Yang, et al., 2004; Yuniarti, et al., 2015). The prevalence of grade-reducing
defects can vary widely between species, silvicultural regime and processing methods (Satchell, et
al., 2010a; Temel, et al., 2000). Reducing controllable effects such as log and board end-splitting,
board distortion and poor sizing accuracy, can enhance economic production of sawn timber
(Vega, et al., 2016; Washusen, 2016).

To take full advantage of the potential of the eucalypts, it is necessary to understand material
properties such as growth stresses in standing trees, logs and cants (and the possible reduction of
these stresses), brittle heart, kino rings and knots. Material properties should be carefully
considered when planning all processing activities from felling and log-making, to primary log
breakdown or sawing. Log diameter and sweep significantly impact overall recovery, but these
factors are mainly affected by genotype and silviculture. The most important of these adverse
effects is spring and board end-splitting, which may potentially impact on recovery and product
value (Blundell, et al., 2013; Crafford, et al., 2016; Sepulveda-Villarroel, et al., 2016). Complicating
the remediation of growth stress is the high variability not only between species, but between
provenances and even individual stems (McConnochie, et al., 2004; Trugilho, et al., 2005; Yang, et
al., 2004; Zhou, et al., 2005).

Production lines that can be considered consist of frame-saw lines, double-arbor-multiple-circular
sawlines, single to quad-band lines or even rotary veneer peeling for the production of laminated
veneer lumber (Vermaas, 2000). Recent research results generally support the hypothesis that
processing systems which release growth stresses symmetrically around the log mitigate the adverse
effects of growth stress release.

Plantations tend to produce logs with greater shape uniformity suggesting that modern multi-saw
systems combined with chipper canters more commonly associated with softwood sawmills may be
applied (Fig. 3). These systems have the potential to produce accurately sawn boards because all
saws are operating simultaneously and the chippers operating in front of the saws can remove
highly stressed wood uniformly around the log, although care must be taken to ensure accurate
centring of the log (Harwood, et al., 2005). They cannot completely eliminate degrade due to board
distortion - spring in quartersawn boards - (Blakemore, Morrow, Ngo, et al., 2010). Production rates
of well over 100,000 m3/year are possible.

Fig. 3: Chipper Canter HewSaw 250 (Washusen & Innes, 2008)

Victoria as gone from about 300 to 30 sawmills in the last 15 years and there is no longer any ‘old
growth’ being sawn there. Highly variable results have been obtained by processing plantation
eucalypt logs using conventional single circular saws or single bandsaws (Blakemore, Morrow,
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Ngo, et al., 2010; de Fégely, 2004; Haslett, 1987; Haslett, 1988e; Jones, et al., 2010; Monteiro, et
al., 2013; Washusen, 2011, 2013b). With single-saw systems, either back-sawing or quartersawing
is effective, particularly if a line-bar is available to counter log movement during sawing. Where a
line-bar is not available the only option with single-blade systems is to rotate the log or use face-
cutting to straighten the sawn face. These latter options reduce both throughput and recovery
(Washusen & Innes, 2008). Preferred log lengths are around 3.5m, otherwise relief of growth
stresses can dramatically also reduce recovery due to the resulting sawing variation. Collapse
prone species largely have to be quartersawn to permit recovery by reconditioning (Fegely, 2004).
Quarter-sawn boards tend to shrink more on the face than flat-sawn because tangential shrinkage
is up to twice as high as radial (Ananias, et al., 2009; Yang, llic, et al., 2003). BackSawing
(https://timbertech.wikispaces.com/file/view/Conversion+of+timber.pdf) can improve results to some
extent (Washusen, Harwood, et al., 2008).

Several studies have now been reported which deal with the more modern sawing systems. The
capacity of multiple circular saw lines to process logs with a range of growth stress levels was
assessed (Haslett, 1987; Haslett, et al., 1997b; Washusen, 2013b; Washusen, Harwood, et al.,
2008; Washusen & Innes, 2008; Washusen, Menz, et al., 2004). The overall results indicate that the
HewSaw R250 (or similar technology incorporating chippers with multi-saws) is well suited to
processing small diameter young eucalypt logs, despite the large range in growth stress levels.
"Given the high throughput, good sawing accuracy and its capacity to handle logs with a range of
growth stress levels, the HewSaw R250 is capable of considerably reducing sawmilling costs over
conventional hardwood mills. It is also more suited to processing eucalypts" (Washusen, 2013b).
There is also a theory that chipper/profilers may remove sufficient amounts of high stressed wood
prior to sawing to minimize bow (Washusen, et al., 2007). “The Hewsaw” is OK if you have a large
volume of small STRAIGHT logs. You need to sort logs on diameter and reset the sawing pattern
for each size class (Farrell, et al., 2008; Farrell, et al., 2012). Once you get over about 33 cm SED,
there are other options. The most popular unit for sawing regrowth (35 cm upwards) is the line-bar
carriage” (Gary Waugh pers. comm.). In fact it has been suggested that logs smaller than 350 mm
should be live-sawn to random-width boards and later re-sawn to the required sizes (Waugh, et al.,
2002). A comparison of live sawing and Saw-Dry-Rip was undertaken on E. saligna by Portuguese
researchers (Franke, et al., 2014) after six months air-drying of the logs. They concluded that
SawDry-Rip leads to less distortion both before and after drying by vacuum and kiln (about 2 weeks
each). Both drying methods showed significant collapse and internal checks.

Twin-saw and multi-saw systems offer big advantages in throughput and symmetrical growth stress
reduction, particularly if combined with chippers and narrow-kerf sawblades (Washusen & Innes,
2008; Washusen, Menz, et al., 2004). Twin bandsaw breakdown into slabs followed by twin-blade
edging is the most cost-efficient method of gradesawing for high recoveries and is scaleable (D.
Satchell pers. comm)

Most trials of plantation timbers have involved E. globulus and E. Nitens (Blakemore, Morrow, Ngo,
et al., 2010; Innes, et al., 2008b; Washusen, 2013b). Results have been very variable partly due to
wood drying behaviour.

Research and data are needed on which to base prediction of likely returns for growers associated
with grade-sawing younger, smaller-diameter plantation ash eucalypt logs in New Zealand. Satchell
(2011, 2015) has studied this at a pilot scale on smaller-scale operations in New Zealand but further
work is required. Sawing logs below 40 cm small end diameter (SED) is difficult primarily because
of growth stresses. Some studies suggest keeping log lengths short if using straightening cuts to
deal with movement (i.e. quarter-sawing). Quarter-sawn logs had lower total recovery (partly
because of a greater tendency to under-sizing) but higher recoveries of select and standard grades,
than back-sawn logs (Washusen, Harwood, et al., 2009). Suggested lengths are 3m for diameters
up to 45 cm and 4m for larger diameters (Harwood, 2010; Satchell, 2015c). The choice of
breakdown strategy in practice is often determined by the existing equipment and log size.
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Comparisons of yield and quality indicate that the final result depends on log size and species —
particularly in regard to the level of growth stress, degrade and shrinkage (Washusen, 2013b).

As with most plantation hardwoods commercially processed in Australia and NZ, the early trials
conducted by CSIRO and Scion used conventional drying strategies typically derived from local
experience with native forest timbers. This usually entailed a period of air-drying or pre-drying in a
kiln followed by reconditioning and final kiln drying. However, the refractory nature of eucalypt timber
(Ananias, et al., 2014), and the more demanding requirements for added-value products
encouraged the application of more novel wood drying systems such as pre-drying schedules
(Blakemore, et al., 2008; Chafe, et al., 1996; Vermaas, 1995, 2002), vacuum drying (Greaves,

1998; Hansmann, et al., 2008; Redman, et al., 2010; Vermaas, 1995), radio-frequency drying
(Rosza, et al., 1996), microwave (Torgovnikov, et al., 2010), steam reconditioning, compression
drying, and intermittent drying technologies in an attempt to lessen the effects of growth stresses
(Haque, et al., 2005; Weir, et al., 2013; Yigiang, et al., 2008). While some significant gains have
been obtained, it often necessitates very methodical research, particularly for the younger, lower
density material (Xu, et al., 2012; Yuniarti, et al., 2015). The major challenge in hardwood drying
remains the development of economical ways of drying appearance grade back-sawn timber, free of
degrade and in various thickness.

Some eucalypts with their characteristically high shrinkage and low mass diffusivity values are
notoriously difficult to season without degrade, and traditionally took months to air-dry especially
backsawn boards (Jankowsky, et al., 2005; Vermaas, 1995).

Seasoning of cold-climate eucalypt timber is problematic (Blakemore, 2011; Blakemore, et al.,
2009b; Mugabi, et al., 2011), and issues such as collapse, surface and internal checking, cupping,
distortion and high shrinkage can significantly lower product recovery and value (Beltrame, De
Peres, Lazarotto, et al., 2015; Blakemore, et al., 2008; Chafe, et al., 1996; Washusen, Northway, et
al., 2009; Yang, et al., 2004; Yang, 2005). Despite these grade-limiting defects, when correctly
sawn and seasoned, eucalypt timber can have attractive appearance, along with high strength and
stiffness, although the economics have been questioned (Blakemore, 2011; Innes, et al., 2008a;
Satchell, et al., 2010a). Stresses and drying issues can dominate the processing of some species,
especially E. globulus, E. Nitens (Nolan, et al., 2005). Currently under evaluation at Scion is the
Super-Critical method (Dawson, et al., 2014; Franich, et al., 2014). Intermittent drying regime is
very likely to be a potential drying method suitable for collapse-prone lower-density plantation-
grown eucalypt wood (Wu, et al., 2010).

Drying performance varies considerably between species, with E. nitens in particular showing
considerable variability (Haslett, et al., 1992; Washusen & McCormick, 2002; Washusen, et al.,
2006). The difficult eucalyptus species are best air-dried first to minimize collapse, and drying must
be very slow to control checking as well (Washusen, Menz, et al., 2004). Many of these species
also have lots of growth stress, so end splitting can be severe. Collapse and internal checking are
two of the most serious defects affecting appearance-grade products, although species vary in their
expressions of degrade - distortion vs. collapse and checking - (Innes, et al., 2008b). Fastgrown
plantations are expected to show more collapse. While processing variables (log handling, sawmill
types saw pattern and drying techniques) are significant factors, but currently they can only be
manipulated to minimise the damage rather than eliminate it because of the inherent characteristics
of the timber.

A host of drying techniques have been investigated (Rosza, et al., 1996; Rosza, 1994; Severo, et
al., 2013) but currently no economic way has been developed for processing wood to avoid collapse
altogether (Ananias, et al., 2014; Blakemore, et al., 2009b; Pang, et al., 2004; Yang, et al., 2014).
The only technique that has been shown to avoid collapse totally is freeze-drying, and it is
expensive and impractical (Blakemore, et al., 2009a). Super critical CO2 also holds some promise
for eliminating collapse, but requires much more research and validation (Franich, et al., 2014). A
longer-term solution may be a targeted genetic approach (Hamilton, et al., 2008).
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As in Australia, successful utilisation depends heavily on sawing and drying (Haslett, Kininmonth, et
al., 1984). For optimum recovery and value, the sawing strategy depends to an extent on the
eucalypt species and intended final product (appearance, structural or industrial). Some species,
e.g. E. pilularis (a stringybark) can be back-sawn without significant loss of appearance grade,
though back-sawn timber can be prone to surface checking. E. saligna and other similar density
species can also be back-sawn without significant loss in recovery of appearance grade timber. In
general, material of high basic density is associated with low levels of internal checking and
collapse. However, when quarter-sawn, crook can be a problem (McConnochie & Nicholas, 2007).
Quarter-sawing is recommended for collapse-prone and high shrinkage species, such as E. nitens,
in order to reduce checking and produce the best recoveries of appearance grade products. Larger
log diameters (40 cm +) are preferred for quarter-sawing to produce adequate recoveries and
reduce losses due to crook (spring). Quarter-sawing of small diameter logs reduces conversions,
although the recovery of check-free appearance grade boards after drying is improved. For
structural products, where drying degrade such as checking is not a major grade determinant, logs
can either be quarter-, flat- or back-sawn.

Another approach successful for many high value species is Saw-Dry-Rip (SDR). This allows
decisions regarding cross-cutting of boards to be delayed until after drying (Franke, et al., 2014) and
has been proven for some species of eucalypt (Del Menezzi, et al., 2004; Ratnasingam, et al.,
2013).

In the New Zealand situation, it is unlikely that a large commercial industry based on eucalyptus
sawn products will develop in the short term because apart from areas of E. nitens in the South
Island, the resource will remain small and scattered for decades due mainly to siting and ownership
issues.

In New Zealand, eucalypt wood processing markets have never reached the volume necessary to
warrant the establishment of specialised processing or research facilities, despite apparently strong
consumer demand for timbers with some of the quality of eucalypts (mainly strength and
appearance characteristics). The continued small-scale processing of the existing eucalypt
resource is likely to be quite successful as local knowledge is acquired and knowledge of
appropriate siting, silviculture, log handling and sawing develops. However, this has not happened
on a sustained basis even in Australia, where Government support for appropriate R&D has been
strong but was waned in recent years.

Flndlngs (Sawing):

The best summary of eucalypt sawing is given by (Washusen & Innes, 2008)

*  Processing of plantation eucalypts will be challenging in view of the extensive research already
carried out in Australia in particular, which has highlighted that many eucalypt species grown in
plantations are not commercially well suited for timber and veneer production, mainly due to the
characteristics of the wood when grown in plantations

» Logs should be held in longer log lengths before cross cutting for sawing to reduce losses to end
splitting. Fine end cracks on the freshly cross cut ends of eucalyptus logs occur almost
immediately. However, if the ends of the log are coated with wax sealants and stored under
shed/shade/water, extension of these initial end cracks, which otherwise results in extensive
damage, is almost completely eliminated. In some countries they are held under water spray for
up to 3 months. An end coating may prevent fast drying and reduce end checking. Cross cutting
for product yield should be done as soon as possible before sawing

* Logs should be processed as soon as possible after felling to alleviate the worst effects of
growth stress development. Shorter lengths are preferred for sawing.

+  Steaming is a common procedure to recondition collapse in boards.

+ Some large Australian studies have been undertaken with different sawing strategies and drying
regimes, but results vary somewhat according to species, crop age, diameter distribution and
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silvicultural treatment. Growth stresses, tension wood, knots and various kinds of checks
(surface and internal) were the major causes of downgrade. Reconditioning enables most
checks to close superficially (but they are still there in the wood and may re-appear with in
service!).

»  Sawing efficiency is improved by log batching according to diameter where a hewsaw is used.

* Many of the earlier sawing studies were carried out on out-dated equipment (single band saws
or circular saws) where stresses were relieved unevenly, leading to excessive losses due to
distortion. More recent studies have focused on the use of more modern saw designs such as
twin-saw systems for smaller logs, with better results. Such mill designs allow more even stress
relief.

* Anin-depth understanding the problems associated with the processing of plantation wood and
development of appropriate drying technologies are important for economic exploitation of
plantation wood. To take full advantage of the potential of the eucalypts, it is necessary to
understand material properties such as growth stresses in standing trees, logs and cants (and
the possible reduction of these stresses), brittle heart, kino rings and knots. Material properties
should be carefully considered when planning all processing activities from felling and
logmaking, to primary log breakdown and sawing. Production lines that can be considered,
consist of frame-saw lines, double-arbor-multiple-circular sawlines, single to quad-band lines

» Higher recovery and reduced costs are achieved using linear sawing systems with multiple saws
where stresses can be relieved evenly.

+  Sawpattern significantly affects volume recovery and board appearance.

* Flat-sawn (sometimes called “backsawn” boards are likely to suffer from significant surface
checking; radially-sawn boards much less so but far more prone to spring and internal ring
checking.

»  Board thickness is strongly related to the incidence of internal checks (thin boards less prone).

»  Defects other than end splitting and checking are not a major source of degrade in pruned logs,
but multiple knots in unpruned logs result in most boards being assigned to utility grades.

* Reducing the effects of log and board end-splitting, board collapse and distortion and poor
sizing accuracy, can enhance economic production of sawn timber (Mackay, 1972; Satchell, et
al., 2010a; Satchell, et al., 2010b; Washusen, 2011; Wu, et al., 2010).

*  Drying remains a major obstacle to processing of collapse-prone species. Schedules had a
relatively minor impact on internal ring checking; internal checking is much more prevalent in
unpruned logs; the number of visible checks is dramatically reduced following re-conditioning.

* A huge effort has gone into researching drying schedules in Australia over the past 20, but there
remains much work to do.

IMPACT OF GENETICS AND SILVICULTURE ON LOG AND
WOOD QUALITY

Processing of eucalypt logs for solid wood products has proven to be a challenging task, and the
potential for high value end uses has not yet been realised (Washusen, 2013a). One thing that
stands out in the literature is that log attributes, particularly dimensions and growth stresses,
can determine success at least as much as the actual conversion process, and these develop
during the growing of the trees, and these can be greatly influenced by genetics and
silviculture. Studies have shown that unmanaged stands are incapable of yielding good solid
wood results (Nolan, et al., 2005; Washusen, 2013a).

There are indications that several aspects of wood performance can be modified through breeding
programmes (Apiolaza, et al., 2009; Blackburn, et al., 2012; Blackburn, et al., 2010; Blackburn, et
al., 2013; Blackburn, et al., 2011; Botrel, et al., 2007; Chauchan, 2001; Chauhan, et al., 2010; De
Padua, et al., 2004; Hamilton, et al., 2008; Harwood, et al., 2001; Harwood, et al., 2007; Poole, et
al., 2013; Raymond, 2002). In the longer term, genetic improvement is the only method that is likely
to eliminate the problem completely. However, genetic material with no collapse propensity is still
some years away and would require the screening of large populations (Apiolaza, et al., 2009;
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Blakemore, et al., 2009b; Hamilton, et al., 2010). Early Australian trials indicated that it should be
possible to grow good sawlogs in 30-40 years, but later developments in breeding and silviculture
now indicate that shorter rotations should be viable (Volker, 2005; Volker, 2008).

It is outside the scope of this review to discuss breeding strategies for wood characteristics, except
to point out that any such undertaking is probably worthwhile, but a huge and on-going commitment
is required to focus on end -product characteristics, and preferably a small number of species
(involving provenances, hybrids and/or clones). Considerable effort has gone into breeding
eucalypts for improved solid wood characteristics already, but as has been pointed out, it requires
a multi-disciplinary approach involving genetics, silviculture and processing techniques, and
marketing expertise. In Tasmania, the efforts over 30 or more years to develop a viable procedure
for growing and processing E. nitens have been described as “tortuous” and “not yet completed”
(Harwood, 2011). One of the hurdles is that, while growth traits can be quantified at relatively
young age (Blackburn, et al., 2013), success of improvements to wood traits can only be assessed
after the stems have been processed (Blackburn, et al., 2011).

One of the characteristics of Eucalyptus is the development of several wood defects associated with
longitudinal and tangential growth stresses (Clair, et al., 2013; Nolan, et al., 2005). These are not a
major issue for pulpwood crops but can present a significant barrier to profitable solid wood
processing of plantation material, and include high shrinkage, collapse, internal and surface
checking (Ananias, et al., 2014; Beadle, et al., 2011; Harwood, 2010). In Tasmania, the efforts to
develop a viable procedure for growing and processing E. nitens has been described as “tortuous”
and “not yet completed” (Beadle, Volker, Bird, Mohammed, Barry, Pinkard, Wiseman, & Harwood,
2008; Harwood, 2011).

Initial stocking and spacing are crucial for both financial viability and ability to select the desired
guantity and quality of sawlogs with small or no branches (Beadle, Volker, Bird, Mohammed, Barry,
Pinkard, Wiseman, & Harwood, 2008; Gerrand, et al., 1997). Initial stocking is normally around 1000
spha to achieve this, bit without pruning and thinning, eucalypt plantation trees neither produce
knot-free wood nor attain sufficient log diameter to produce wide sawn boards (Harwood, 2010).

Thinning is deemed necessary both to allow selection of final crop trees and to promote growth on
the pruned component (Wood, et al., 2009). However, the effect of thinning on development of tension
wood (prone to high shrinkage and non-recoverable collapse on drying) is still somewhat uncertain
(Washusen, 2002; Washusen, et al., 2005; Washusen, 2008b).

Pruning is essential in species with poor branch suppression and shedding for production of a
significant volume of knot-free clearwood for veneer and high-grade furniture, and reduce the
possibility of defects developing around branches. If poorly executed, however, pruning can reduce
stem growth and result in stem damage causing gum flow (Barry, et al., 2005; McKimm, et al.,
1988). The best 200-300 or so trees per hectare have their lower branches pruned in three
successive ‘lifts’ to a height of 6.4 m above ground during the first five years of the plantation’s life,
in order to provide a future sawlog (Harwood, 2010). If kept around 50% of the green crown length,
there is minimal impact of stem growth. Pruning requires investment of more than $1000 per
hectare early in the life of the plantation, but it is not possible to produce knot-free sawlogs by
pruning at a later age. Once the branches have died, the stem grows around the dead branchwood.

In a summary of silvicultural trials (Forrester, 2013), is was found that the relative reductions in crop
tree growth due to pruning were greater in thinned stands than unthinned stands, because in young
unthinned (and closed canopy) eucalypt stands the lower branches are shed rapidly, whether they
are pruned or not, but in thinned stands lower branches are well lit, more efficient and contribute
more to a trees' growth. Eight studies examined interactions between pruning (or defoliation) and
fertiliser application (or site quality) and when the interactions were significant, the negative effects
of pruning were greater in unfertilised stands (or low quality sites) than in fertilised stands (or high
guality sites). Five studies, including six Eucalyptus species, examined the thinning x fertiliser
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application (or site quality) interaction. Absolute and relative thinning responses of crop trees
usually increased with fertiliser application or increasing site quality in Eucalyptus stands (or
interactions were not significant). The absolute and relative thinning responses of crop trees also
depended on stand structure and increased as diameter distributions of unthinned stands became
more negatively skewed. When available, studies for species other than eucalypts were also
included for comparison, but for all species, the interactions between these treatments have
received far less attention than the individual treatments. Although each type of interaction, when
significant, was consistent across the different eucalyptus studies, there were few studies available
and only a few of those examined the mechanisms that influenced the interactions. Therefore more
studies will be required to confidently determine when each interaction will occur and what
mechanisms are the most important drivers of these interactions.

However, any manipulation of the growth pattern through silvicultural treatment or application of
fertiliser will also modify the inherent distribution of wood properties such as growth stresses, wood
density and microfibril angle within stems, and subsequently influence processing characteristics. In
Australia, regimes have also been developed that delay thinning until tree size allows a commercial
pulpwood harvest, both in Tasmania (Beadle, et al., 2011) and sub-tropical Australia (Glencross et
al. 2011). Whether this practice is truly commercial has been questioned (Volker, 2005).

Thinning, pruning and fertiliser application have been shown to be important silvicultural treatments
used to grow solid - wood products from eucalyptus plantations. These silvicultural treatments are
sometimes carried out simultaneously and can therefore potentially interact. These interactions as
well as those with site quality are important. While site quality is a useful variable for explaining
thinning responses, stand structure in terms of the skewness and variability of diameter
distributions, appears to describe some of the variability that site quality does not, and may also help
to understand mechanisms behind thinning responses. The growth and physiological responses of
eucalypts to thinning, pruning and fertiliser application, with a particular focus on Australian
plantations have been reviewed (Beadle, et al., 2011; Forrester, Medhurst, et al., 2013).

CONCLUSIONS

The conversion of pulpwood crops to solid wood by thinning has proven unsuccessful in Australia.
Nevertheless, the mere fact of establishing eucalypt plantations for solid wood products is not a
guarantee of success. There is a huge body of literature available concerning attempts to
successfully create solid-wood industries — much of it from Australia, South Africa and South
America. Unfortunately, there are few real success stories, due not only to less-than-ideal siting and
silviculture, but also to a lack of appreciation of the challenges of processing eucalypt wood. The
most successful developments have perhaps been in South America where reported growth rates
are phenomenal (http://www.fao.org/docrep/004/ac121e/ac121e04.htm).

Several factors must align to even offer some hope of a financial return. Breeding objectives,
pathology, silviculture and processing methods must be appropriate to ensure yields of reasonable
harvest volumes and valuable timber. This necessitates minimising the deleterious influences from
wood characteristics such as growth stresses. There are several excellent reviews of the impacts of
forest practices on the development of growth stresses, for instance, which are the main cause of
loss of value (Forrester, Medhurst, et al., 2013; Potts, et al., 2011; Walker, et al., 2011; Wardlaw, et
al., 2003; Washusen, 2016; Wingfield, et al., 2008). However, there remains a lack of detailed
knowledge of the best climatic, site and silvicultural conditions for the multiplicity of species which
have been considered as potential candidates in New Zealand. In particular there is a history of
frequent insect and fungal intrusions which have caused significant setbacks, and this is likely to
continue into the future with increased international trade and occasional biosecurity lapses.
Climate change may also increase the host range for pathogens and extend the period of
infestation by pests (Naidoo, et al., 2014).
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Planting and processing eucalypts in NZ has had a significant “suck it and see” component, with lots
of disappointments along the way. Progress has been dependant on a small number of enthusiasts
(such as Neil Barr and lan Nicholas) who have been dogged in their pursuit of knowledge. The
Eucalypt Co-operative in particular generated a huge volume of literature on siting and silviculture
(and processing to a lesser extent). The introduction of “new” species and genotypes such as under
the Dryland Initiative necessitates that such research must be continued across the value chain to
minimise the risk of further failures. This approach has in the past been heavily supported by
research specialists and the Government but the onus is now passing to industry.

By far the most published research has been in Australia, by CSIRO, FWPA and various research
cooperatives who have documented the ecology, silviculture, pathology and wood properties of the
most common species and supported efforts at commercialisation of plantation wood following the
cessation the of old-growth harvest. Even in Australia it has been an ongoing task to try to establish
a robust solid wood industry based on plantation eucalypts. An excellent Australian paper asked
the question “Can the inherent deficiencies of eucalypt wood be surmounted by applying
appropriate silviculture?” (Beadle, et al., 2011). The answers are complex and by no means clear
cut (Nolan, et al., 2005). One thing that is fairly certain is that most species are capable of yielding
some attractive, high stiffness timber and veneers which could enhance the variety of material from
NZ forests but it will require further targeted value-chain research and technology development.

ADDENDUM 1 - ENGINEERED WOOD PRODUCTS (EWP)

A surprising finding of a recent Australian review on the use of plantation eucalypts for EWP (Hague,
2013) was that local information was scarce and that significantly more research had been
conducted overseas (South America and Europe) where such material is more widely used (e.qg.
laminated veneer lumber (LVL) and plywood, glulam, flake/strand-based products, fibreboard and
particleboard). The conclusions of the review indicated that the plantation resource (particularly E.
nitens, globulus, and grandis, often established for pulpwood or biomass) is perfectly suitable for
LVL, strandboard, flakeboard, and MDF). The faster-grown low-density specie create no problems
for adhesive systems with wood densities less than about 650 kg/m3. According to the author,
further research for solid wood and EWP uses should concentrate on genetic selection and
silviculture (spacing and pruning) to ensure raw material average density in the range 500- 500
kg/m3.

This review does not cover EWP, but in the course of a literature search came across many relevant
publications, e.g.:

(Acevedo, et al., 2012; Arnold, et al., 2013; Barshaw, et al., 2004; Beadle, Volker, Bird,

Mohammed, Barry, Pinkard, Wiseman, Harwood, et al., 2008; Blackburn, et al., 2012; Blakemore,
Morrow, Ngo, et al., 2010; Blakemore, Morrow, Washusen, et al., 2010; Blundell, et al., 2013; Chen,
et al., 2011; De Carvalho, et al., 2004; Dungey, et al., 2013b; Farrell, et al., 2011; Franke, et al.,
2014; Gaunt, et al., 2003; Gaunt, et al., 2002; Guimaraes Junior, et al., 2011; Hamilton, et al., 2015;
Harwood, 2010; Kininmonth, et al., 1974b; McKenzie, Shelbourne, et al., 2003; McKenzie,

Turner, et al., 2003a; McKenzie, 2001; Miiller, et al., 2015; Nolan, et al., 2005; Ozarska, 1999, 2009;
Saviana, et al., 2009; Sheild, 2003; Shelbourne, et al., 2001; Simpson, et al., 1999; Suh, et al.,
2012; Thomas, et al., 2009; Valencia, et al., 2011; Zubkova, et al., 2009).

ADDENDUM 2 - DURABILITY ISSUES

Eucalypts in general have a reputation of superior durability, based mainly on testing of old natural
forest material, but in fact treated radiata pine has proven superior in tests of both above-ground
and in-ground. Those that perform best are absent or very scarce in NZ, due mainly to poor survival
and growth rates. A relatively small number of species have been properly tested in NZ (Page, et
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al., 2014b), and any candidates for approval from the large number of possibilities in practice need
to follow existing test protocols, involving sample numbers, sites tested and time to completion.

The natural durability of wood comes with heartwood development (age-related and species
specific) and is attributed to the presence of certain extractives (Da Costa, 1979). Increasing wood
density has also often proven to be a useful predictor of increasing natural durability, especially in
hardwoods (Cookson, et al., 2013). Timber from young or fast-grown plantation trees can have
reduced colour and density, and there is often the perception or finding that these trees also have
lower natural durability than mature trees (Scheffer, et al., 1966). On the other hand it has been
found in some species (e.g. Teak) that 5-year-old juvenile wood from intensively-managed
plantations is less decay resistant than the wood of 13-year-old trees and mature teak wood of
forest plantations. However, it is comparable in natural durability to the inner heartwood of even
mature trees (Bhat, et al., 2003). Interestingly, Johnson et al. (1996) conducted a 6.8-year inground
stake trial in an Accelerated Field Simulator and found that, out of 10 eucalypt/myrtaceae species,
timber from regrowth (23-58 years) had lower natural durability than timber from mature trees (100 —
500 years in only three (Cookson, et al., 2013). In Australia, natural durability for a number of
hazard types and exposure conditions, including those above ground and in-ground, is described in
Australian Standard 5604-2005 (Australia, 2005). Durability is based on the performance of the
outer heartwood from “mature” trees. The in-ground natural durability classes, written in the 1950s,
were based upon laboratory trials and the experience of foresters and those writing the standard
(Tamblyn 1966). Some modifications occurred after a 33—36-year inspection of Australia’s longest-
running natural durability trial (Cookson, 2004). Timber species with greatest natural durability in the
outer heartwood were raspberry jam (Acacia acuminata), red box (Eucalyptus polyanthemos),
wandoo (E. wandoo), tallowwood (E. microcorys), bull oak (Allocasuarina luehmannii), grey ironbark
(E. paniculata), yellow box (E. melliodora), Gympie messmate (E. cloeziana), grey box (E.
moluccana) and white mahogany (E. acmenoides). It is worth noting that creosote-treated and
CCA-treated P radiata out-performed all other species (Cookson, 2004). To date, species ratings for
durability are largely based on old-growth native forest timbers (McCarthy, et al., 2006).The
durability of the heartwood of many species is not uniform - pine tend to have greater durability in
the inner (oldest) heartwood, while Coast Redwood has better durability in the outer (younger)
heartwood (Jones, et al., 2014). There is a lack of information on the heartwood development and
durability of eucalypt plantation material.

In Australia the traditional hardwood paling fence durable timbers such as E. camaldulensis (River
Red Gum), and palings and rails cut from timbers of low natural durability such as E. regnans and
E. obliqua. Because the fence is untreated, palings and rails often need replacing after 15-20 years
of service, while posts are usually still serviceable after this time. Although of durable timber, plinths
also often need replacing due to decay in the lower edge resting on soil, where because of thinner
cross-section, decay is more noticeable than in post (Cookson, 2012).

Australian eucalypts are highly regarded for their durability, with the most durable species used for
external applications such as posts, poles, general and heavy engineering construction, decking, and
wharf and bridge piles. Farm foresters in lower rainfall environments are growing eucalypt species to
supply these and other markets for durable wood products (McCarthy, et al., 2006). A consistent
feature of durability studies is the high variability encountered.

There is now an initiative in NZ to do similarly, with species choices based largely on the Australian
old-growth data. It is important to remind growers that such data must be treated with caution as the
environments and pathogens are different may well lead to different results, particularly if the crops
are grown significantly faster, as is possible. In fact, it is not unusual to find that the durability
classification of some locally grown timbers may be different to that of imported timber of the same
species (Page, et al., 2014b). Hardwoods, particularly eucalyptus species, dominate the list of
species suitable for use in moderate-high decay hazard situations such as fence posts and decking
where a minimum service life of less than 50 years is required. Some results from the Scion
Graveyard tests are shown in the table below.
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In-ground stake durability variation for three Class 2 eucalyptus species (Page, et al., 2014b)

Species Tree 1l Tree 2 Tree 3 Tree 4 Tree 5 Average

E. pilularis 13.3 6.6 10.9 5.7 10.4 9.9
(5-21) (3-13) (3-17) 1-12 (5-12)

E. muelleriana 10.7 6.2 6.6 8.2 9.4 9.2
(6 — 20) (2-16) (2-15) (3-13) (4-18)

E. globoidea 12.4 14.3 12.0 9.4 14.3 9.8
(6 — 20) (5-24) (3-32) (3-18) (5-21)

It should also be pointed out that new indirect methods (e.g. NIR) are being proposed to drastically
shorten the time required for durability tests, but the results can only be treated as indicative until
supported by authenticated regional in-ground tests.

New Zealand Dryland Forests Initiative (NZDFI)

Durability is highly variable both within and between species (Page, et al., 2015). While natural
durability is often associated with tree age and heartwood development, these is evidence that with
some eucalypt species, young heartwood can also be reasonably durable (but inside non-durable
sapwood) (Bush, 2001; Cookson, 2005).

With CCA (copper chrome arsenic)-treated wood now banned for many uses by the USA and several
European countries, there are significant international and domestic markets for naturally durable
hardwoods. The wood properties of New Zealand grown durable eucalypts ensure they can replace
CCA treated material for many uses and are also ideal for a wide range of agricultural and land-
based industrial applications, particularly for posts, poles and utility cross-arms as well as heavy
structural timbers.

NZDFI (New Zealand Dryland Forests Initiative) has selected eucalypt species which can be sawn
to produce durable hardwoods for farm, vineyard and specialty uses and reduce the use of
chemicals in the environment (Walker, et al., 2011). Using these species, NZDFI is committed to
developing viable best-practice forest management systems to complement livestock farming.
NZDFI wants to encourage planting durable hardwood forests and woaodlots to protect steep slopes
and waterways, for shade and shelter, and to generate income from carbon credits and sustainable
timber harvesting. This industry/research joint effort is an ambitious attempt to identify, grow, and
manage a selection of eucalypts known to have superior natural in-ground durability at an early age,
mainly for use in a rural environment (farms, vineyards, and engineered structures). Comparatively
little breeding work has been done on durable eucalypt species anywhere in the world, in contrast to
radiata pine genetic improvement work which has continued for around 70 years. By applying
knowledge and techniques developed by tree breeders working with other species, huge gains in
the growth, form and wood quality are anticipated (http://nzdfi.org.nz/). A small number of species
(not currently planted on a significant scale) have been identified with known or suspected durable
heartwood (Cookson, 2004; Nicholas, et al., 2012a, 2012b; Rudman, 1964).

This will be a challenging project since maost of the superior properties of eucalypts (including
heartwood extractive content and durability) develop with tree age (Cookson, et al., 2013; Miranda,
et al., 2007; Miranda, et al., 2009; Moraisa, et al., 2007; Page, et al., 2014a; Santana, et al., 2012). It
is encouraging that some Australian studies have been able to demonstrate good early durability.

E. agrophloia, for instance has been assessed at age 10 years in a low rainfall area of

Queensland, albeit with relatively low growth rates (Armstrong, et al., 2003; Lee, et al., 2001).
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Timber - Natural Durability Ratings (AS5604 2005)

1 2 3 4 5
Standard common name Lyctid Termite resistance Natural durability class of Marine borer
and scientific/botanical Susceptibility of heartwood heartwood resistance of
name of sapwood (inside above In-ground | Outside above heartwood

ground applicable | contact, Dig| ground, Dag

to H2 in AS 1604

series)

blackbutt NS R 2 1 3
Eucalyptus pilularis
box, grey, coast S R 1 1 3
Eucalyptus bosistoana
box, white-topped NS R 2 2 -
Eucalyptus quadrangulata
box, yellow NS R 1 1 -
Eucalyptus melliodora
gum, blue, Sydney S NR 3 2 3
Eucalyptus saligna
gum. red, river S R 2 1 2
Eucalyptus camaldulensis
gum, spotted S R 2 1 4
Corymbia maculata
gum, sugar S R 1 1 -
Eucalyptus cladocalyx
ironbark, red S R 1 1 2
Eucalyptus tricarpa
mahogany, southern NS R 3 2 -
Eucalyptus botryoides
stringybark, yellow NS R 3 2 3
Eucalyptus muelleriana
tallowwood S R 1 1 3
Eucalyptus microcorys

Notes:

Dig = in-ground natural durability class

S = Susceptible
R = Resistant to termite

Dag = above-ground natural durability class

NS = Not susceptible

NR = Not resistant to termite

Natural Durability — Probable Life Expectancy (AS5604 2005)

Durability class

Probable in-ground life expectancy

Probable above-ground life expectancy

(in years) (in years)
1 Greater than 25 Greater than 40
2 15t0 25 15to0 40
3 5to 15 7to 15
4 0-5 Oto7

N.B.

These data were often determined in the 1950’s, often using small numbers of samples

from trees of unknown age, and thus may not apply reliably to plantation-grown timber.
Marine Borer Resistance — Probable Life Expectancy (AS5604 2005)

Class Probable marine-borer-resistance life expectancy in southern waters (years)
1 Greater than 60
2 41 - 60
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3

21 -40

4

0 to 20, usually less than 5

There is plenty of scope for genetic improvement of eucalypt durability, should it be given research
priority (Apiolaza, et al., 2001).
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