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EXECUTIVE SUMMARY

1. OBJECTIVES

The Australian Greenhouse Office (AGO) contracted
CSIRO Forestry and Forest Products (FFP) to
examine the wood density of Australian tree species
for use in the National Carbon Accounting System.
This consultancy will be undertaken in two stages
with this report incorporating the outputs from the
first stage. The objectives of the first stage were:

. to list the available wood density

information for Australian tree species;

®  to provide an indication of species
distribution and representation;

*  to list the Australian tree species where

density is not available; and

*  to provide a methodology for evaluating
wood density.

The second stage of the project will include the
determination of wood densities of tree species
where density information is lacking. Obviously
this second stage of the project is reliant on the
outcomes of the first stage, and the species to be
sampled will be agreed with the AGO.

2. KEY OUTCOMES
The major outcomes of the first stage of the study
are:

1.  Basic density data have been provided for
approximately 590 Australian tree species
and these are presented in Appendix 1. The
data was derived from 14 different
published sources with varying levels of
reliability in the values, ranging from low to
high. Only published sources that quoted
variation of wood density were denoted as
highly reliable.

2. Descriptive and functional methodologies
have been presented for the direct

determination of wood density by
gravimetric and maximum moisture
methods, which can be used to obtain
whole tree stem estimates of wood density.
A methodology has also been presented for
the indirect determination of wood density
using pin penetration (pilodyn), which
needs to be calibrated using direct
determination of wood density. The
indirect method provides less accuracy for
individual trees, but does allow many
estimates of wood density to be taken
quickly, and it can be potentially useful for
ranking trees into broad density classes
within sites. Within these broad density
classes the class means can be used for

comparing site densities.

3. Species distribution maps for native
hardwood species that are harvested
commercially (10 species), and for major
plantation species, are provided. This
addresses the item "distribution and
representation in the Australian landscape
of key species" in the Terms of Reference for

the consultancy.

No attempt was made to estimate average wood
densities of whole trees or forest structural classes
or regions of Australia. Where tree species quoted
95% probability ranges for their density, these data
are taken to represent whole tree variation
(Kingston and Risdon 1961).

Most States appear to have good statistics for the
main commercial species harvested. Information
available on the minor species being harvested is
less well documented. The report does not include
data on tree species removed through clearing on
private land due to a lack of comprehensive
information. This particularly applies to the large
areas currently being cleared in Queensland.
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3. RECOMMENDATIONS
The data gaps identified in this report should be
addressed in the second stage of this project. The

second stage of the project should proceed to:

e  Categorise forest types by structure or
geographic region;
*  Identify 5-10 key species within each forest

category; and

*  Determine wood density for each of those
key species, where the data is missing.

Australian Greenhouse Office
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1. INTRODUCTION 2. BASIC DENSITY AND WHY IT IS
IMPORTANT

1.1 OVERALL TERMS OF REFERENCE.

The Australian Greenhouse Office (AGO) has
contracted the CSIRO Division of Forestry and
Forest Products to review the availability of wood
density information for common Australian tree

species.

The first stage of the consultancy requires a review
of available information. This review report will

contain:

e Alist of tree species where wood densities

are available;

*  Alist of tree species where wood densities

are not available;

*  The distribution and representation in the
Australian landscape of key species. This
has been interpreted to mean the
production of species distribution maps for
the key species being harvested (about 10

species); and

*  Specific analytical methods by which any
further derivation of wood densities should
be determined.

The second stage (which should be separately
costed) should contain a proposed fee structure for
the determination of wood densities (on a per
species/sample or equivalent basis). The species to
be sampled will be agreed with the Office on
completion of the first stage report. The final report
for this second stage will contain the wood densities

for each species sampled.

To complete the second stage of the work greater
consideration will have to be given to determining
average density values for particular forest
"categories" (see Appendix 2; Methods and
Conclusion). The task then is to list the 5-10 key
species for each category and make sure that wood
density values are available for each of those key

species.

An estimate of the amount of carbon locked up in
forested land including native forests and
plantations is necessary for accounting of net carbon
emissions within Australia. A major component of
carbon storage is in the woody stem and an estimate
of the total carbon can be gained from a knowledge
of the wood basic density comprising the stem and
the total volume it occupies.

Wood density is a complex physical property since
the tissue is made up of differing proportions of
cells of variable size and chemical composition.
These variations depend on the species and its
interactions with the environment. Generally
density from mature trees is higher than that from
young trees. Density varies in trees from pith to
bark and from base to apex and it is affected by tree
age. Similarly wood density of branches is likely to
vary, but little information is available. To
determine the total amount of carbon locked up in
woody tissue, a knowledge of both the volume and
the density of that tissue is required.

The majority of studies looking at density variation
have been on commercial timbers, predominantly
plantation species. Little or no data are available on
patterns of variation in non-commercial species.
The studies on plantation species have indicated the
following important factors.

1.  Wood density varies from base to apex. The
pattern appears to differ between softwoods
(radiata pine) and hardwoods (eucalypts).
Density has a cylindrical symmetry in
softwoods (see description in Downes et al.
1997) resulting in a reduction in density
with height. In eucalypts the pattern
appears to be more conical with the
interaction between the radial and
longitudinal variation allowing density to
remain constant or increase with height.
Usually based on studies with plantation
species the general pattern appears to be a
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gradual increase with height. Many very
useful references to studies on density
variation of eucalypts are given in Hillis
and Brown (1984).

2. Wood density in trees appears to be
controlled more by a combination of
environmental factors than by its radial
growth rate. Rainfall affects density
variation. Application of fertiliser results in
decreases in average wood density whereas
the effects of thinning are variable (Hillis
and Brown 1984).

3. Annual ring average density generally
increases from pith to bark in all species
(softwood and hardwood) with the rate and
pattern of increase dependent upon species
and growth pattern. Growth pattern
reflects the proportions of the ring that is
produced at different times of the year
which controls the average density of the
ring. In general, increasing growth rate will
result in more wood production in spring.
This wood tends to have a lower density,
and therefore faster growth rate generally
results in lower annual ring density.
Rainfall appears to have a dominant effect.

It is clear that the method of sampling can affect the
data obtained and its interpretation. For sampling
to be most effective, there needs to be a clear
understanding of why the samples are being taken,
and how they are going to be analysed. The choice
of methods for sampling and analysis of wood
properties should consider the need to interpret the
resultant data within the context of existing
scientific literature (Downes et al. 1997).

2.1 DETERMINATION OF BASIC DENSITY
Basic density is expressed as the ratio of the weight
of the oven dry sample to its green volume. The
physical units used for the quantities are usually
(kg) for the dry mass, and (m’) for the wood

volume.

The measurement of wood density has traditionally
involved the collection of wood samples (e.g. disks
or increment cores) and subsequent laboratory

determinations of weights and volumes.

The water-immersion method and the maximum-
saturation method are two direct methods for
determining the basic density. Both methods
require a specific specimen to be measured. The
water-displacement method requires the evaluation
of weights and volumes whereas the maximum
moisture method only requires the evaluation of
specimen weights, but the green sample must be
initially fully water saturated. However, by
necessity both direct methods are partially
destructive in that a sample needs to be removed

from a tree for evaluation.

In another approach, a pilodyn wood tester
originally designed for assessing soft rot in wooden
poles can be used to obtain an indirect measure of
wood density. The instrument fires a blunt, spring-
loaded steel pin into the wood with known energy.
The depth of pin penetration is noted from a scale
on the body of the instrument. Depth of pin
penetration has been shown to be negatively
correlated with wood basic density for several
species of gymnosperms as well as angiosperms
(Cown 1981; Moura et al. 1987; Ilic and Bennett
2000). Trials with the pilodyn have shown to be
rapid and less liable to operator bias. The accuracy
is less for individual trees. The best potential use of
the instrument would be for ranking trees into
broad density classes within sites, and then use class

means for comparing site densities.
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2.2 CALCULATION OF BASIC DENSITY
WATER-IMMERSION

In the procedure outlined, basic density is calculated
by the formula:

Basic Density = mo/V ey
(units kgm™)

where mo=oven dry weight; V=volume of fully
swollen sample’;

or

Basic Density = 1/((m-mo)/m +1/Gw) -------------—-- )

(units kgm®) (maximum moisture approach)

where m=weight of a completely saturated sample;
Gw=Density of the cell wall which is 1530 (units
kgm?).

Figure 1: Example of a temperature controlled oven

for drying sections

2.2.1 Equipment and Procedure

The equipment required is simple, but must be
maintained in good working order if accurate
results are to be obtained.

. Increment corer.

e An electronic balance (accurate to at least
0.1g) is preferable for weighing the sections.

* A container holding enough water to fully
submerge the sample.

¢ A fine needle point to hold the submerged
wood samples at a minimal fixed depth.

e A well-ventilated oven with automatic
temperature control is needed for drying
the sections. The oven requires shelves of
wire mesh or other open material to allow
free internal circulation of air. Otherwise,
the sections may not dry thoroughly. The
temperature at any point inside the oven
should neither exceed 105°C nor fall below
101°C; this degree of uniformity is generally
achieved by using a double-shell
construction or by the use of a circulating
fan inside the oven. Below 100°C the
sections may not be dried completely, and
above 105°C they may char.

2.2.2 Procedure for water displacement
determinations

Remove wood core from tree.

Scrape away all loose splinters and sawdust
and place in a tight fitting container to
prevent it from drying out.

In the laboratory, place the sample (full
core) into water for at least half an hour to

ensure adequate swelling.

Place the water container on the pan of the
electronic scales and re-zero (stand and

needle not included).

Remove the sample from the water, wipe
with a damp cloth, and then completely
submerge in the container on the electronic
scales, without touching the container, as

shown in the diagram below.

! The fully swollen sample does not need to be fully saturated
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Figure 2: Diagram of water displacement method
for measuring volume.

10.

11.

As the density of water under normal
laboratory conditions is equal to 1000
kg/m’, the measured weight of the
displaced water is equal to the volume of
the sample.

Note: for scale readings in grams, the
volume can be read directly from the scales
in cm’.

Place the specimen in an oven for drying.

Be sure to maintain the oven temperature
within the limits 101-105°C.

Do not overcrowd the oven, but leave

spaces between the sections.

Do not add fresh sections to the oven if it
contains sections almost ready for final
weighing.

12.

13.

14.

15.

After 24 hours, remove the section from the

oven, reweigh it, and record the weight.

Sections must be weighed immediately after
removal from the oven, as they reabsorb

moisture from the air very quickly.

Replace the section in the oven and reweigh
at intervals of 4 hours, until there is no
further loss in weight. This weight is m. in
equation 1 and 2.

Calculate basic density using equation 1.

2.3 MAXIMUM SATURATION

This procedure is simpler to carry out than the

water-displacement method. It requires only two

weight determinations: the weight of the completely

water-saturated wood specimen (m in equation 2)

and its oven dry weight (m.).

Place samples in water at room temperature
in a vacuum flask and apply vacuum
intermittently until no more water is
absorbed and the specimens have reached
constant weight. In practice this takes
about two to three weeks.

After the specimens are saturated, place
them in damp cloth for 20 minutes to
remove excess surface water without drying

out.

Weigh the samples quickly to prevent errors
from drying out.

Use equation 2 to calculate basic density

(m, is the same as that in equation 1).

2.4 NONDESTRUCTIVE ESTIMATION USING
THE PILODYN

A typical pilodyn instrument and its use is shown in

Figure 3.
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Figure 3. Pilodyn tester used for estimating basic density in a eucalypt log

2.4.1 Calibration and use of the Pilodyn

e  Select an aspect (North), make a small
window in the bark with a bark punch to

expose the xylem.

®  Depress the pildyn head on to the cleared
wood and fire the pin.

*  Take a reading of the depth of pin

penetration from the side of the instrument.

®  Repeat penetration reading on opposite side
of tree.

. Determine the mean for each tree and

subsequent trees.

As an indirect measure of density, the depth of pin
penetration must be calibrated for each species at
every site under investigation.

This can be carried out by taking increment cores

from a number of trees representing the extremes of
the pilodyn readings. Basic density of the cores can
be determined using water immersion or maximum

moisture techniques.

3. ESTIMATING WOOD DENSITY OF WHOLE
TREES (WHOLE TREE CORRELATIONS)

3.1 Background:

Most of the research to date has focused on
industrial concerns, and the available data examines
only variation in the merchantable stem (commonly
base to 70% total tree height). The following
sampling protocol has been used extensively for
plantation studies and is intended to provide a basis
for estimating the average density of the
merchantable stem. Some modifications have been
made to accommodate the different nature of this
study. These are noted specifically at the end of the
protocol description. The reader is referred to the
general protocol detailed in Downes et al. (1997) for
background information.

The aim of this section is to provide a rationale and
a procedure for obtaining estimates of whole tree

wood density for a given species at a given site.

Wood density varies in trees from pith to bark and
from base to apex within a tree. Similarly wood
density of branches is likely to vary, but little

information is available. In order to determine the
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total amount of carbon locked up in woody tissue,
both the volume and density of that tissue must be
known.

The majority of studies looking at density variation
have been done on commercial timbers,
predominantly plantation species. Little or no data
are available on patterns of variation in non-
commercial species. The studies on plantation

species have indicated several important factors.

1.  Annual ring average density generally
increases from pith to bark in all species
(softwood and hardwood) with the rate and
pattern of increase dependent upon species
and growth pattern. Growth pattern
reflects the proportions of the ring that is
produced at different times of the year
which controls the average density of the
ring. In general increasing growth rate will
result in more wood production in spring.
This wood has a lower density. Therefore
faster growth rate generally results in lower
annual ring density. Rainfall appears to
have a dominant effect here.

2. Wood density varies from base to apex. The
pattern appears to differ between softwoods
(radiata pine) and hardwoods (eucalypts).
Density has a cylindrical symmetry in
softwoods (see description in Downes et al.
1997) resulting in a reduction in density
with height. In eucalypts the pattern
appears to be more conical with the
interaction between the radial and
longitudinal variation allowing density to
vary from constant to increasing with
height. Based on studies with plantation
species the general pattern appears to be a

gradual increase with height.

3.2 Sampling protocol

The method of sampling can have major effects on
the data ultimately produced by a study and its
interpretation (see Chapter 3, Downes et al. 1997).
For sampling to be most effective, there needs to be

a clear understanding of why the samples are being
taken, and how they are going to be analysed. The
choice of methods for sampling and analysis of
wood properties should consider the need to
interpret the resultant data within the context of
existing scientific literature. Therefore, ancillary
information about the site and sample population
should be collected to facilitate this process. This
section endeavours to provide a protocol for
collecting and processing wood samples for analysis
of wood density and subsequent data interpretation.

3.3 Necessary site data

Collection of site data should be done as part of
routine practice in sampling studies. These data can
then contribute to a larger database that can be used
to develop a broader understanding of wood
density variation.

Necessary data should include the following:
1.  Tree age.
2. Tree species.

3.  Height of sampling point and total tree
height.

4. Diameter measured over bark at the
sampling point.

5. Location; latitude and longitude; altitude.
Each of these factors can affect growth rates
and their patterns across the year.

6.  Compass direction of core.

7. Measure of site quality if available (with
explanations as required). A definition of
the site index should be provided.

8. Median rainfall and seasonal distribution if
available. Patterns of rainfall can have as
marked an effect on wood properties, as
total amounts. A more consistent growth
pattern resulting from an even spread of
rainfall throughout the year will produce a
more uniform wood than a site where
rainfall is concentrated in particular
months.

9.  Soil type according to Northcote (1987).
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3.4 Obtaining the sample

The proposed protocol consists of two components:

1. Aninitial calibration procedure (destructive
sampling); and

2. The non-destructive sampling program.

Given that there are large variations between sites
and species, the pattern of wood property variation
has to be calibrated for each site/species
combination until sufficient information is available
to understand the effects on tree growth and wood
properties (see explanatory note 1).

3.5 Destructive sampling

Objective: To obtain a calibration for relating
density measured from 12 mm increment cores at
1.1m height to whole tree density.

The number of trees required per site depends
statistically on the variability between trees. In
general this will not be known for either a given
species or site selected for measurement. Thus
based on the amount of sampling required in the
overall program and the extensive data base being
generated, we recommend that six trees per species
per site be destructively sampled (see explanatory
note 2).

All activities should be undertaken in accordance
with the relevant codes of forest practice.
Destructive collection involves the use of a chain
saw, which should only be used by trained
operators.

Generalised destructive sampling procedure

1. Select trees for destructive sampling that
represent the trees to be sampled in the
non-destructive sampling, that is, across the
total size range (for core sampling this will
generally be in excess of 15 cm dbhob).

2. Mark the north aspect on the bark.

3.  Remove a 12 mm increment core from the
stem at approx. 1.1 m.

National Carbon Accounting System Technical Report

4.  Fell the tree and trim branches along the
length of trunk.

5. Measure total tree height taking into
account the height of the falling cut above
the ground.

6. Sample from the top of the tree towards the
base. Calculate and mark on the tree the
percentage height points (2, 10, 40 and 70%
of total height; see explanatory note 3),
taking the lowest disc from as close above
the scarf as possible.

7. Cut 50 mm discs and label them.

3.6 Sampling using 12 mm increment
cores

Objective: To increase the accuracy of the whole-
tree density estimate in a given species and site by
taking 12 mm increment cores from 1.1 m above
ground and estimating whole tree density.

The non-destructive sampling procedure provides
an effective means of increasing the estimation
accuracy by allowing more trees to be sampled
quickly. The between tree variability is thus
determined more accurately and provides a basis
for determining confidence in the final result.

3.7 How many to sample

The number of trees sampled will depend on the
variability across the site in terms of slope, soil type
and rainfall. Assuming a moderately uniform site
we recommend the non-destructive sampling of an
additional 24 trees, providing a total sample of 30
trees per site. Actual numbers will need to be
determined site by site, in the light of various
constraints including the environmental sensitivity

of the sampling process.

3.8 Where to sample

The logistics of core sampling require that a
motorised coring system be used. This is
determined by the need for speed and the difficulty
of hand coring. The coring height is thus

determined by the physical constraints of the coring



process. In general it is most comfortable to core at
approx. 1.1 m above ground. Research studies
indicate that the correlations between samples taken
at this height and those of the whole tree are
adequate.

3.9 How to take an increment core
sample

The increment core

The most common form of non-destructive sample
used is the increment core which is a sample that
represents a radius or diameter is obtained from the
stem at a given height. For wood quality studies,
12 mm cores are commonly used. The larger the
corer, the greater the difficulty in getting a manual
corer started in the tree, and in turning the corer.
This is a particular difficulty in eucalypts.

Choice of corer

Corer type.
The cutting edge of the core drill bits should be

clean, sharp and free of defects. Manual corers are
commercially available from most forestry
suppliers. The motor-driven corer recently
developed by CSIRO Forestry and Forest Products is
recommended [Trecor, Cyclone Hardware (Ph: 1800
335 019)]. Increment cores can be taken using the
Trecor corer powered by a petrol motor (currently
the Tanaka TED 262R is the only suitable motor on
the market, but is slightly underpowered). There
have been some problems with the sharpness of
new or resharpened corer bits, so it is important to
ensure that all bits are adequately sharpened before

commencing field work.

Corer length.

The Trecor bits come in two lengths (300 and
500 mm). It is not necessary to remove the bark

before using the corer (unlike the pilodyn).

When sampling trees with a diameter larger than
the length of the shorter bit (300 mm) we suggest
starting with the short bit and changing to the

longer (500 mm) bit to finish. This can usually be
done without breaking the wood core. Finishing the
core with the short bit, when the longer one would
be more appropriate, may result in the core
becoming jammed. Jamming can also occur when a
core breaks off within a tree stem and the corer
‘chews’ the broken end of the core while trying to
slide back onto it. This breakage may be due to
poor technique or decay within a tree. An extractor
is available to remove a core from a tree with a
diameter greater than 500 mm. The extractor is
inserted beside the core (after the bit is removed
from the coupling) to cut the attached end of the
core. If an extractor is used, it is not possible to get
a bark-to-bark core.

Recent results indicate that it is best to leave the
hole unplugged rather than to try to seal it.
Attempts to seal it tend to result in a moist warm
environment within the tree favouring the growth of
decay fungi.

3.10 Sample coding

Accurate sample coding is vital. When samples are
analysed, any uncertainty about their origins will
cause uncertainty in the whole project. Sample
coding needs to meet the following criteria:

. be permanently written on, or attached to,

the wood surface;

e  writing must be legible and resistant to
ethanol and water; and

. must contain sufficient information so that

its origin is beyond doubt.

There are several brands of pencils suitable for this
purpose. The Staedler copying pencil is available
from specialist stationery stores and will write on
wet surfaces. The Aquarellable pencil does a similar
task. Lumber crayons are also useful, as are Tag
pens. The use of plastic labels (e.g. ‘Dymo’ labels,
“Tytags’) stapled onto discs and billets is adequate.

An alternative protocol has been found to be
efficient. Sample codes are written onto “Tytags’,

which are stapled to the tree to be sampled, or
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flagging tape is tied around the tree. The person
taking the core removes the tag and fastens it to the
core by elastic bands (one each end). The core is
then placed in the appropriate storage facility. In
this way, the chance of wrongly labelling the core, or
sampling the wrong tree, is minimised. Some form
of cross checking the sample coding is also needed.
A copy of the master sheet of sample codes should
be kept and sent with the samples for analysis.
Careful attention to the coding of samples is vital.
Mislabelling of samples will result in wasted time,
effort and money.

3.11 Steps in non-destructive sampling
using a motorised corer

1.  Select corer and length of bit required and
ensure that bits are sharp.

2. Place corer in a stationary position against
the bark.

3. Dirill into the tree, applying enough
pressure to get the tip to bite into the wood.
The corer works best when just enough
pressure is applied. Do not force the corer
as the corer may jam in the tree causing it to
overheat and char the core surface.

4. Withdraw the corer bit while it is still
spinning at full throttle to allow the
shavings to clear. This requires some

practice.

5. Repeat steps 5 and 6 until the corer drills
through the tree.

6. Remove the core by releasing the bit from
the coupling. The core should come out
easily from the motor end of the bit. Be
careful not to damage the cutting edges of
the corer while extracting the core.

7. Code the sample.

3.12 Sample storage

Prepare wood samples, discs or cores, for storage
within 24 hours of removal from the tree. On no

account leave wood samples for more than 24 hours

at ambient temperature in the green state.

The major issues in sample storage and preparation
are:

*  prevention of fungal degradation;
. prevention of lumen collapse; and
¢ clear, accurate and logical sample coding.

As soon as a wood sample is removed from a tree,
fungal spores will contaminate the surface. Spores
can germinate, and subsequent growth can damage
the wood considerably in a short time. Fungal
hyphae can spread rapidly through wood, altering
wood chemistry and degrading cell walls. In
softwoods, the growth of wood staining fungi (blue
stain) can happen quickly.

Prevention of fungal degradation

Fungal growth in stored samples can be prevented
and/or minimised in several ways:

1.  Placing discs or cores in plastic bags and
storing them in a freezer, until further

preparation is required;
2. Storing samples in 4% formalin; and
3. Storing samples in 95-100% ethanol.

The treatment of samples with chemicals needs to
be done with consideration of intended analyses; for
example, the introduction of foreign substances can
affect density. The use of strong solvents can also
extract fibre wall constituents. When the samples
are prepared for analysis care is needed to minimise
dimensional and chemical changes. On no account
should the samples be allowed to air dry prior to
volume determination. Eucalypts are exceptionally
prone to shrinkage and collapse, a phenomenon that
markedly alters wood density.

3.13Time required for field sampling

Travelling time to and from sites will vary.

Assuming that the site is relatively accessible we
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estimate that the destructive sampling of 6 trees and
the coring of an additional 24 trees can be
accomplished in one working day by 2 trained
technicians. The time required would be increased
by the nature of the site including accessibility, tree
size, the area of the site and the resultant time
required for tree selection. Other site specific issues

may also need to be considered.

3.14 Building the calibration

Objective: To determine a whole tree weighted
density for each of the destructively sampled trees
and obtain a regression equation relating increment
core density in these trees to whole tree density.
This equation can then be used to determine whole
tree density.

1.  Examine the pattern of density variation
with height in each tree.

2. Determine the whole tree volume from the
disk areas and tree height.

3. Using tree height, disk diameter and
sampling point data determine the stem
volume represented by each disk.

4.  Using this data, weigh the density data
from each disk to obtain a whole tree

density value.

5. Determine the regression equation between
the whole tree density and the increment
core density. [Note: a poor correlation
indicates large within and between tree
variation, requiring an increase in the

number of trees sampled.]

6.  Use the regression equation to estimate the
whole tree density and volumes of the trees

sampled non-destructively.

3.15 Explanatory notes

1. There is no quicker way to do this at this
stage, given the scarcity of available
information. The lack of fundamental
understanding of wood property variation

10

makes this calibration procedure essential
for realistic predictions. Quicker methods
for density estimation (e.g. Pilodyn): (a) still
require calibration; and (b) are considerably
more variable requiring the sampling of
greater tree numbers for a given level of
accuracy (see Table 2.4 in Downes et al.
1997).

The basis for selecting the number of
samples required is explained in Downes et
al. (1997). If the coefficient of variation in
density between trees is low, then fewer
trees may be required. This may be the case
on sites where growth is slow and the
genetic diversity is small. The destructive
sampling currently addresses stem density
only. The background for including
branches in the estimate is unknown at this
stage. Some investigators have noted that
total tree volume (stem and branch) can be
estimated by treating the tree as a cylinder,
multiplying breast height area by tree
height. It is said that his was first
suggested by Leonardo da Vinci (no

references available).

In sampling plantation species we have
recommended including a 50% height
sample. In the interests of increasing speed
and limiting costs we believe sampling at
the 4 percentage heights indicated will not
result in a significant loss of accuracy.
Before cutting discs, examine stems carefully
for the presence of defects. These defects
indicate localised disturbances in density
and can result in marked anomalies in the
data set, and result in poor correlations.
Avoiding branch stubs and deformities is
more important than taking samples at the
exact heights. These discs are used to
represent a section of the trunk, not an
individual point (i.e. the 40% disc
represents the section of tree between 25
and 55% of tree height).
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4. WHAT DO WE NEED TO KNOW (PRIORITY)?

The following appear to be major priority issues for

the wood densities:

1.

Wood density values for all major species
harvested in the natural forest are required.
(Check tables of species harvested with
density database to indicate where major
species are not represented. We would then
recommend that density evaluations be
carried out for those species).

Wood density values for major plantation
species both natural forest and in
plantations are required. In the absence of
data, this would need to be carried out for
material from plantations of different age.
The key plantation species for Australia:

E. globulus, E. nitens, E. grandis, E. pilularis
and E. regnans. In addition, Corymbia
maculata, C. variegata and E. dunnii need to
be added as emerging species of
importance. (There is little data on young
C. variegata and E. dunnii so this would be
highly desirable.) It is expected that there
may be differences between densities in
natural forest trees and plantation trees of

the same species.

Furthermore, there may be a case for
investigating wood density of E. globulus
grown in different environments, e.g.
Green triangle and WA. It is quite likely
that some of these data are being actively
collected in other studies and some effort
may need to be made to find out what is
available.

Our knowledge of key species cleared on
farmlands in central Queensland is limited
to Acacia harpophylla (brigalow). A priority
is to identify an additional five key species
and ensure density data is available.

Many of the dryland species are likely to
fall in the same catgory as A. harpophylla
indicated above. Exhaustive sampling of
such material would be prohibitive, but
indicative data may be obtained from
assumed similarities of anatomical structure
among the taxa. In addition, approximate
densities can be obtained from suitable
material from the CSIRO Division of
Forestry and Forest Products Dadswell
Memorial Wood Collection.

National Carbon Accounting sttem Technical Reeort
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APPENDIX 1
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See over page.
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Estimated Basic Density from Air-dry (12%) MC

Air-dry density (12%MC) before reconditiong (g/cm?)
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Abarema grandiflora L 5 Siris, Tulip 510 625
Abarema sapindoides L 5 Siris, Tulip 500 610
Abrophyllum ornans
Acacia acradenia L 12 1 810 11050
Acacia acuminata L 1 Jam, Raspberry 3 899 3 1038
Acacia acuminata L 8 Jam 2 1N
Acacia adsurgens L 12 1 790 11030
Acacia adunca
Acacia ampliceps L 12 1 530 1 660
Acacia aneura L 4 Mulga 10 911 872-950 10 1101 1,043-1,159
Acacia aneura L 5 Mulga 900 1200
Acacia aneura L 8 Mulga 25 1035 1,016-1,054 25 1203 1,841,222
Acacia aneura L 8 Mulga, Weeping 25 1012 1,007-1,017 25 1192 1,185-1,199
Acacia aneura L 8 Mulga 10 1157
Acacia aneura L 8 Mulga 1 1213
Acacia aneura L 12 Mulga 1 770 11000
Acacia argyraea
Acacia arundefflana L 5 Wattle, Ferny 700 895
Acacia atkinsiana L 12 1 890
Acacia aulacocarpa L 1 Salwood, Brown 3 604 3 716
Acacia aulacocarpa L 5 Salwood, Brown 640 800
Acacia aulacocarpa L 6 Salwood, Brown 560 430-690| 5 6896 532-848
Acacia aulacocarpa L 12 Salwood, Brown 1 860
Acacia aulococarpa var. macrocarpa L 5 Salwood, Brown 550 675
Acacia auriculiformis L 5 Wattle, Black
Acacia baileyana
Acacia baked L 5 Wattle, White 700 895
Acacia bancroftii
Acacia beckleri
Acacia bidwillii L 12 1 670
Acacia binervata
Acacia binervia
Acacia bivenosa L 12 1650
Acacia bivenosa L 12 1 620
Acacia blakei
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Acacia boormanii
Acacia brachystachya L 12 11010
Acacia brachystachya L 12 1970
Acacia burkittii
Acacia burrowii L 5 Wiattle, Burrow's
Acacia buxifolia
Acacia caerulescens
Acacia calamifolia
Acacia calcicola
Acacia cambagei L 1 Gidgee 3 1008 3 1260
Acacia cambagei L 4 Gidgee 10 1016 995-1,037 10 1283 1,259-1,307
Acacia cambagei L 5 Gidgee 1,000 1345
Acacia cambagei L 6 Gidgee 1 11312 5 1240 1,171-1,309
Acacia cambagei L 12 1 1050
Acacia chisholmii L 12 1 760
Acacia chisholmii L 12 1 750 1960
Acacia cibaria
Acacia cincinnata
Acacia citrinovirdis L 12 1 810
Acacia citrinovirais L 12 1 880
Acacia cognata
Acacia complanata
Acacia concurrens L 5 Curracabah 690 880
Acacia coolgardiensis
Acacia coriacea L 4 10 886 858-914 10 1099  1,046-1,152
Acacia coriacea L 12 1 960
Acacia craspedocarpa L 8 Mulga, Hop 6 1030
Acacia crassa
Acacia crassicarpa L 1 Wattle, Northern Territory 5 578 496-660 5 670  573-767
Acacia crassicarpa L 5 Salwood, Brown 550 675
Acacia crassicarpa L 6 Wattle, Northern Territory 5 6176  600-635
Acacia crassicarpa L 12 4 610 432-788
Acacia cultriformis
Acacia cunninghamii L 5 Curracabah 690 880
Acacia cuthbertsonii
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Acacia cyclops
Acacia cyperophylla
Acacia dealbata L 1 Wiattle, Silver 8§ 583 500-666 8§ 710  605-815
Acacia dealbata L 5 Wiattle, Silver 570 705
Acacia dealbata L 6 Wiattle, Silver 6 569.6  445-694 6 6672 504-830
Acacia deanei L 5 Wattle, Deane's
Acacia decora
Acacia decurrens L 5 Wiattle, Green 520 640
Acacia dentifera
Acacia dictyophleba L 12 1 700 1 885
Acacia difficilis L 12 1 70 1910
Acacia difficilis L 12 1710
Acacia dimidiata
Acacia disparrima
Acacia doratoxylon L 5 Lancewood, Brown 720 915
Acacia dunnii
Acacia elata
Acacia eriopoda L 12 1900
Acacia estrophiolata
Acacia excelsa L 4 Wattle, Ironwood 10 908 864-952 10 1122 1,062-1,182
Acacia excelsa L 5 Wattle, Ironwood 830 1090
Acacia falcata
Acacia falciformis
Acacia farnesiana
Acacia fasciculifera L 5 Wattle, Rose 850 1120
Acacia fascuculifera
Acacia filicifolia
Acacia fimbriata
Acacia floribunda
Acacia frigescens
Acacia georginae L 5 Gidgee, Georgina 710 900
Acacia glaucocarpa L 12 4 780 595-965
Acacia gonocarpa
Acacia gonoclada
Acacia grasbyi L 8 Miniritchie 9 1199
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Acacia grasbyi L 12 1860
Acacia grasbyii L 8 Miniritchie 16 1048  1,035-1,06 16 1230 1,215-1,245
Acacia hakeoides
Acacia hammondii
Acacia harpophylla L 1 Brigalow 3 870 3 1099
Acacia harpophylla L 2 Brigalow 6 859 818-900 6 1053  1,009-1,097
Acacia harpophylla L 5 Brigalow 790 1025
Acacia harpophylla L 12 Brigalow 4 910 764-1,056
Acacia hemignosta L 12 1 600 1 750
Acacia hemsleyi L 12 1 600
Acacia holosericea L 12 1 700 1890
Acacia holosericea L 12 1 610
Acacia homalophylla L 5 Yarran 930 1235
Acacia howittii
Acacia humifusa
Acacia implexa L 1 Lightwood 4 583 4 689
Acacia implexa L 5 Lightwood 640 800
Acacia irrorata L 5 Wiattle, Green 520 640
Acacia iteaphylla
Acacia jennerae L 8 13 862
Acacia julifera
Acacia jutsonii
Acacia kempeana
Acacia kettlewelliag
Acacia laccata L 12 1 660 1 840
Acacia lamprocarpa
Acacia lasiocalyx L 8 Wiattle, Silver 4 79
Acacia latifolia
Acacia leiocalyx L 5 Curracabah
Acacia leprosa
Acacia leptocarpa
Acacia leptostachya
Acacia leucoclada
Acacia ligulata
Acacia linearis L 5 Wattle, Narrow-Leaved
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Estimated Basic Density from Air-dry (12%) MC

Air-dry density (12%MC) before reconditiong (g/cm?)
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Acacia linifolia
Acacia linophylla
Acacia loderi
Acacia longifolia
Acacia longissima L 5 Wiattle, Narrow-Leaved
Acacia lysiphloia
Acacia maconochieana L 12 1 800
Acacia maconochieana L 12 1 730 1930
Acacia macradenia
Acacia maidenii L 12 4 620 515-725
Acacia mangium L 5 Salwood, Brown 560 690
Acacia mearnsii
Acacia melanoxylon L 1 Blackwood 45 546 526-566 49 652  629-675
Acacia melanoxylon L 5 Blackwood 520 640
Acacia melanoxylon L 6 Blackwood 24 5664  540-593 25 640  610-670
Acacia melvillei
Acacia microbotrya
Acacia microsperma L 5 Wattle, Bowyakka
Acacia mollissima L 1 Wattle, Black 3 565 3 706
Acacia mollissima L 6 Wattle, Black 3 6512  493-809 3 7856 703-869
Acacia montana
Acacia monticola
Acacia mucronata
Acacia muelleriana
Acacia multisiliqua
Acacia murrayana L 8 Wiattle, Sandplain 10 603
Acacia neriifolia
Acacia neurophylla
Acacia nilotica L 4 10 698 677-719 10 875  826-924
Acacia obliquinervia
Acacia obtusifolia
Acacia omalophylla L 5 Yarran 930 1235
Acacia oncinocarpa
Acacia 0'shanesii L 5 Wiattle, Ferny 700 895
Acacia oswaldii L 8 Miljee 4 1133
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Acacia oxycedrus
Acacia pachycarpa L 12 1 780 11010
Acacia pallidifolia L 12 1 630 179
Acacia papyrocarpa L 8 Myall, Western 15 1080 1,054-1,106 15 1237 1,206-1,268
Acacia papyrocarpa L 8 Myall, Western 25 1030
Acacia papyrocarpa L 8 Myall, Western 5 1122
Acacia parramattensis
Acacia pauciglandulosa L 5 Wiattle, Green 520 640
Acacia pellita L 12 1 670
Acacia pendula L 5 Myall 880 1155
Acacia penninervis L 1 Wattle, Hickory § 597  538-656 § 711 632-790
Acacia penninervis L 6 Wiattle, Hickory 5 65 @ 620-692 5 7904 752-829
Acacia pentadenia
Acacia peuce L 5 Waddywood 1,040 1425
Acacia platycarpa
Acacia plectocarpa
Acacia podalyriifolia
Acacia polybotrya
Acacia polystachya
Acacia pravissima
Acacia prominens
Acacia pruinocarpa L 8 Gidgee 28 971 953-989 28 1150  1,129-1,171
Acacia pruinocarpa L 8 Gidgee 171042
Acacia pruinosa
Acacia pycnantha
Acacia pyrifolia
Acacia quadramarginea L 8 Wattle, Granite 5 107
Acacia quadrimarginea
Acacia ramulosa L 8 Mulga, Horse 6 1169
Acacia resinimarginea L 8 Man Waodiil, Old 4 1157
Acacia retinodes
Acacia retivenea
Acacia rhodophloia
Acacia rhodoxylon L 5 Wattle, Spear 950 1280
Acacia rigens
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Acacia rivalis
Acacia rostellifera
Acacia rubida
Acacia salicina L 5 Cooba 550 675
Acacia saligna
Acacia sclerosperma L 12 1 860
Acacia sessiliceps
Acacia shirleyi L 4 Lancewood 10 833 804-862 10 1020  972-1,068
Acacia shirleyi L 12 Lancewood 11020
Acacia shirleyi L 12 Lancewood 11000
Acacia shirleyi L 12 Lancewood 1 810 11050
Acacia sibilans L 12 Lancewood 1970
Acacia signata
Acacia silvestris
Acacia sparsiflora
Acacia spectabilis L 5 Wiattle, Pilliga 700 890
Acacia stenophyfla L 12 Cooba, River 1 710 1900
Acacia stenophylla L 5 Cooba, River 750 960
Acacia stenophylla L 12 Cooba, River 1 690
Acacia stipuligera L 12 1 810
Acacia stowardii
Acacia stricta
Acacia strongylophylla
Acacia subporosa
Acacia subtesserogona L 8 Gidgee, Spreading 4 1274
Acacia sutherlandii
Acacia tenuissima L 12 1 530 1650
Acacia tephrina
Acacia terminalis
Acacia tetragonophylla L 8 Curara 6 1164
Acacia tetragonophylla L 12 Curara 1 780 11015
Acacia thomsonii
Acacia torulosa
Acacia triptera
Acacia tropica
26
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