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Abstract 

Australian blackwood (Acacia melanoxylon R.Br.) is a high-quality appearance-grade 

timber species native to eastern Australia and renowned for its rich heartwood colour. It 

is grown in plantations in Australia and other countries but with mixed results. This is 

due in part to variable survival, growth, stem form and wood properties, including 

heartwood colour. The aim of this project was to determine the potential for genetic 

improvement of these traits by examining their environmental and genetic control. A 

review of available genetic resources showed that extensive native population 

provenance and family seed collections have been made with over 60 progeny trials 

established in both Australia and overseas. However, there are few published papers, 

particularly on wood properties.  

Six family/provenance trials were identified as suitable for use in this project. These 

mainly contained open-pollinated families from Tasmania. Significant environmental 

(i.e. trial) and genetic variation in survival, growth, and form were found, with greater 

genetic variation between families within seed zones than between seed zones. Several 

mainland provenances were included in some trials and showed that blackwood from 

tropical Queensland was poorly adapted to survive in cool temperate Tasmania. Narrow-

sense heritabilities for early age growth and form were significant, but moderate to low 

respectively. There were no significant genetic correlations between growth and form 

traits.  

Wood properties were measured using stem cores on a sub-sample of 16 Tasmanian 

families across three 19 year-old trials growing at two sites. One site contained two 

spatially intermixed trials, with and without a Eucalyptus globulus nurse crop. 

Significant genetic, environmental and genetic by environmental interactions were 
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found for most wood properties, including heartwood colour. The presence of a nurse 

crop improved tree form but had an adverse effect on growth and wood colour. Stem 

diameter was not significantly genetically correlated with any of the wood properties, 

suggesting that selection for improved growth should not compromise wood properties. 

While environmental factors clearly affect growth and wood properties, the detection of 

significant genetic variation in most traits studied indicate that there is clearly potential 

for genetic improvement of growth, form and wood properties in blackwood. 
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Preface 

My interest in blackwood comes as much from a cultural and historical context as a 

scientific curiosity. Blackwood represents a cultural icon amongst Australian timbers 

whose origins go back to the earliest days of European settlement. Robert Brown, the 

English botanist assigned to the Investigator captained by Matthew Flinders, provided 

the first scientific description of blackwood. Brown spent three and a half years in 

Australia, collecting and recording botanical specimens, including becoming personally 

involved in the initial European settlement of Tasmania, accompanying Lieutenant 

Governor David Collins in establishing Hobart in February 1804. The original 

description of Acacia melanoxylon by Robert Brown (Figure i), from Hortus Kewensis 

p. 462 (Aiton 1813), is based on collections made by Brown on the Tamar and Derwent 

Rivers, Tasmania between 1803 and 1804 (Mabberley 1985; Maslin and Cowan 1995; 

Vallance et al. 2001). 

Figure i: Original description of Acacia melanoxylon by Robert Brown in Aiton 

(1813). 

 

Blackwood timber was in use at least from 1803.  A tea caddy (Figure ii) that belonged 

to Lieutenant Governor David Collins, made in part from blackwood (c. 1803), was 

auctioned in Melbourne in 2007 (Bonham & Goodman 2007; Davies 2008).  
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Figure ii: Tea caddy made from a variety of timbers including blackwood c 1803. 

Blackwood sawmilling in Tasmania commenced in the 1830‟s, with production 

increasing in the 1880‟s with the widespread introduction of steam-powered sawmills, 

and the opening up of the blackwood-rich forests of Circular Head (Pink and Ebdon 

1988; Brown 2001). About the same time blackwood production in Victoria increased 

as blackwood-rich areas of Gippsland were opened up for settlement (Featherston 

2007). Since then blackwood has established a reputation as a fine furniture, joinery, 

tonewood and craft timber. Because of its wide ecological range and rapid growth it has 

the potential to remain an Australian timber “icon” through plantation development. 

However due to various silvicultural issues, and wide variation in important wood 

properties such as basic density and heartwood colour, it has not been an easy species to 

domesticate. While considerable research has been done on blackwood silviculture, 

there has been little research on blackwood genetics and wood properties. This project 

focused on existing early- and mid-age progeny trials in Tasmania to gain a better 

understanding of both the genetic and environmental effects on survival, growth, form 

and wood properties in blackwood. 
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Chapter 1:  Introduction 

Background 

Description & Ecology 

Australian blackwood (Acacia melanoxylon R.Br) is a small to large tree (6 – 45 m) 

widespread in eastern Australia, extending from the Atherton Tablelands in far-north 

Queensland (16°S) through the highlands of eastern Australia to Tasmania (43°S) and 

west into South Australia. It grows in a variety of habitats with best development in 

areas with fertile soils and high rainfall (Cowan and Maslin 2001). It is one of the most 

wide ranging tree species in eastern Australia with wide phenotypic variation (Farrell 

and Ashton 1978), and  allozyme variation (Playford et al. 1993), both within and 

between populations.   

Blackwood is prized for its wood and has a long history in Australia as a fine cabinet 

timber (Brown 2001). More recently it has attracted domestic and international interest 

as a tonewood in stringed musical instruments (Morrow 2007). The wood is 

characterised by dark-coloured heartwood with pale cream-coloured sapwood. However 

there is a wide variation in important wood properties including heartwood colour and 

basic density. This leads to problems in processing and production, and makes 

domestication as a plantation species difficult.  

Domestication 

Blackwood has been planted as an exotic in many countries, sometimes becoming an 

invasive weed (Nicholas 2007b). Current interest in blackwood as a plantation species is 

focused on New Zealand, China and Chile (Nicholas and Brown 2002; Zhang et al. 
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2004; Carranza 2007).  China in particular has made much progress with the 

domestication of blackwood through multiple progeny trials, clonal and seedling seed 

orchards, and plantation development (Searle 2001). Chile has a small breeding program 

and a small but expanding plantation resource (Pinilla and Briones 2007). However, 

available genetic resources for selection and breeding remain limited, while the wide 

ecological range, and variation in growth, form and key wood properties, has slowed the 

domestication of blackwood. Matching superior genetic material with good sites, which 

result in good growth, form and wood properties, has so far proven difficult. Plantation-

grown blackwood continues to generate domestic and international interest, with its 

established reputation as a quality timber, the potential for high growth rates, and wide 

ecological range. 

Usage & Markets 

Blackwood has a long established history in Australia as a premium appearance-grade 

timber being used in veneer, furniture, joinery, flooring, tonewood and craft (Brown 

2001). Currently, the largest established market is in Australia, with smaller markets in 

South Africa and New Zealand. Australian markets are based on blackwood harvested 

from native forests, with most production coming from Tasmania (Featherston 2007; 

Forestry Tasmania 2008). South African markets are based on a small plantation 

resource and selective harvesting of former native-forest enrichment plantings and 

wildings (Geldenhuys 2004). Available timber volumes are limited, although production 

in New Zealand is expected to increase steadily from 2015 once existing plantations 

reach commercial maturity (Nicholas and Brown 2002). 
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Research 

Research into blackwood began in the mid-1970‟s with Harrison‟s work on plantations 

in South Africa (Harrison 1974), and work by Mesibov in the swamps of north-west 

Tasmania (Forestry Tasmania 2005). The last ten years especially has seen a large 

volume of research published, including reviews from Australia (Searle 2000; Beadle et 

al. 2004), New Zealand (Nicholas and Brown 2002), Portugal (Santos et al. 2007), Chile 

(INFOR-CONAF 1998) and Argentina (Carranza 2007).  

Survival, growth and form 

Blackwood characteristics of variable growth rate, poor apical dominance and 

consequently poor stem form, susceptibility to browsing by mammals, and a degree of 

site sensitivity have slowed the pace of domestication of the species (Beadle et al. 

2004). Nicholas and Brown (2002) list the essential site requirements for growing 

commercial blackwood as:  

1. Shelter 

Shelter from strong and drying winds is critical, and is the main factor associated 

with good form. Shelter can be provided by topography, adjacent vegetation, or 

shelterbelt plantings. 

2. Moisture 

Adequate moisture throughout the growing season is important for blackwood 

growth. Well-established trees can withstand occasional dry seasons and some 

drought, although commercial blackwood is not suited to drier sites. 
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3. Soil type 

Blackwood grows best in mesic soils i.e. neither wet nor dry, that have reasonable 

fertility and a structure which retains moisture while allowing free drainage, but can 

also tolerate peaty or clay soils. On dry exposed sites, blackwood is slow growing, 

bushy, and prone to insect, particularly psyllid damage. Blackwood will tolerate 

occasional flooding, but will not grow in stagnant swamps. 

4. Freedom from frost 

Areas prone to severe frosts should be avoided. In New Zealand blackwood can 

suffer from severe out-of season frosts. Northern tropical provenances appear to be 

more susceptible to frost  

Published diameter growth rates for blackwood in trials and plantations range 

between 0.2 and 4.3 cm yr
-1

, with rates of >2.0 cm yr
-1

 not uncommon (Ryan and Bell 

1991; Zhang et al. 1998). Height growth rates range from 0.3 to 4.0 m yr
-1

 with rates of 

0.6–1.0 m yr
-1 

being commonly recorded. Growth models based on New Zealand 

plantation data for an average site index of 24 m (mean top height at base age 30 years) 

predict 290 m
3
 ha

-1
 total standing volume at age 35 years at an annual MAI of 8.3 m

3
 ha

-

1
 and a mean diameter of 49 cm (Berrill et al. 2007). High quality sites are expected to 

produce around 400 m
3
 ha

-1
 total standing volume at age 35 years. Diameter growth 

rates in native stands in Tasmania are modest in contrast to New Zealand plantation 

growth and range between 0.55 to 0.75 cm yr
-1

 in blackwood swamps (Forestry 

Tasmania 2005), and average 0.8 cm yr
-1

 as an understorey in eucalypt forest (Jennings 

2007). So while good growth rates have been achieved in cultivation, and growth 
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models predict reasonable wood volumes on rotations of approximately 35 years, results 

have been variable.  

Achieving good stem form is a major issue in growing commercial blackwood. Good 

stem form includes maintaining apical dominance and controlling branching. Apical 

dominance in blackwood has been found to be very much a function of the local light 

environment that is determined by the surrounding vegetation (Jennings et al. 2003; 

Medhurst et al. 2003; Pinkard 2003; Unwin et al. 2006), with insect predation also 

implicated (Appleton et al. 1997). Poor apical dominance has meant that intensive 

pruning is required in blackwood plantations to ensure the development of a single, 

straight, branch-free stem. While Nicholas and Brown (2002) list shelter as critical in 

improving stem form there is little published data to help define the parameters of 

shelter. 

Previous research has taken little account of the wide geographical and ecological 

range of blackwood (Farrell and Ashton 1978). While previous studies have identified 

significant environmental and genetic variation in blackwood growth and form (de 

Zwaan and van der Sijde 1990; Neilsen and Brown 1996; Searle et al. 1998; Thinh et al. 

1998; Zhang et al. 1998; Searle 2001; Zhang et al. 2004), most studies have used 

limited numbers of seedlots replicated across too few sites to assess the extent of genetic 

and environmental variation, or allow genetic material of superior growth and form to 

be identified.  

Blackwood is very widespread within Tasmania from near sea level to 1000 m 

altitude, and from dry to very wet sites on a range of soils, so that significant variation in 

growth and form may be expected. The focus of the current study provides a major 

regional assessment of blackwood variation within a broad sample of Tasmanian genetic 
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material. In general more research is needed on environmental factors effecting 

blackwood growth and form. However improved growth and form is not by itself a 

sufficient basis for genetic selection due to the importance of wood properties, so that 

trials need to be maintained to a tree age/size that allows the assessment of heartwood 

properties.  

Wood properties 

Blackwood has many wood properties that are positive for an appearance-grade timber, 

including low growth stresses, ease of drying, low shrinkage, ease of dressing and 

sanding, in-service stability, ability to bend to shape, ability to take a high polish, and a 

dramatic heartwood colour range (Bootle 2005). Feature grain in blackwood is in high 

demaind with fiddleback, birdseye and raindrop being three recognised grain types.  

From a grower‟s and sawmiller‟s perspective, log diameter, heartwood colour and 

percentage heartwood are the most important traits (de Zwaan 1982). However markets 

are relatively unsophisticated both in Australia and overseas, with no account taken of 

the variation in other wood properties such as basic density. Nor is there much in the 

way of wood preference data for the various market sectors, with the few surveys 

identifying only broad market sectors and some general issues (Lambert 2004; Nicholas 

2007d). With such a wide geographic and ecological range it may be expected that 

blackwood would show genetic variation in wood properties. However to date little 

research has been done to explore this variation.  

Heartwood colour 

Heartwood colour is a key wood property in blackwood. In comparison to other wood 

properties (e.g. strength, fibre length, lignin/cellulose content, etc.) the study of wood 

colour has received relatively little attention. Introductions and reviews of wood colour 
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research using colorimetry have been provided by Sullivan (1967b) and Vetter et al. 

(1990). Colorimetry has been applied to a variety of problems in wood science, such as 

changes in wood colour with different harvesting and processing techniques (Smith and 

Montoney 2000; Charrier et al. 2002; Mononen et al. 2002; Sundqvist 2002; Basri et al. 

2003; Yeo and Smith 2003; Rappold and Smith 2004); and the study of wood colour 

differences between species (Sullivan 1967a; Nelson et al. 1969; Minemura et al. 1998; 

Nishino et al. 1998). Studies in phenotypic variation in wood colour within species from 

native forest (Klumpers et al. 1993; Burtin et al. 1998; Amusant et al. 2004; Bradbury 

2005; Liu et al. 2005) and planted material (Rink 1987; Mosedale et al. 1996; Raymond 

and Bradley 2002; Hannrup et al. 2004; Thulasidas et al. 2006; Bhat et al. 2007; Grekin 

2007; Moya and Berrocal 2010) have begun to define the wood colour range of 

individual species. However there have been few studies of the genetic and 

environmental variation and control of wood colour within a tree species.  

The studies of Sotelo Montes et al. (2008) and Vanclay et al. (2008) represent the 

first attempts to quantify within-species genetic and environmental variation in wood 

colour, using extensive progeny material of Calycophyllum spruceanum in Peru and 

Eucalyptus dunnii in Australia respectively. Blackwood is known to occasionally show 

high within-tree heartwood colour variation, with tension wood being a known cause 

(Hillis et al. 2004). Therefore any study of variation in blackwood heartwood colour 

must include both between- and within-tree variation. Few studies have examined both 

between- and within-tree colour variation (Raymond and Bradley 2002; Sotelo Montes 

et al. 2008), with the development of practical sampling and measurement procedures 

still outstanding.  
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The accurate and repeatable measurement of colour requires understanding and 

controlling three elements: a) the object to be measured, b) the light source and c) the 

observer standard. The International Commission on Illumination (CIE) has set 

colorimetric standards for the correct measurement of colour using a range of light-

source (illuminant) and observer standards (Wyszecki and Stiles 1982). The 

measurements can then be expressed in a range of colour scales or spaces. While there 

are several colour spaces that have historically been used in wood colorimetry (Sullivan 

1967a; Nelson et al. 1969; Rink 1987; Wilkins and Stamp 1990), the colour space 

currently most commonly used is the CIELAB (Nishino et al. 1998; Janin et al. 2001; 

Raymond and Bradley 2002; Hannrup et al. 2004; Liu et al. 2005; Kokutse et al. 2006; 

Grekin 2007; Nicholas et al. 2007; Sotelo Montes et al. 2008; Vanclay et al. 2008). This 

colour space represents colour in three axes, the L* axis which records the lightness (0 

black – 100 white), the a* axis which records the green (-ve) to red (+ve) values, and the 

b* axis which records the blue (-ve) to yellow (+ve) values.  

The study of blackwood heartwood colour commenced with the work of Nelson and 

Heather (1970) who conducted a colorimetric assessment of wood colour across a wide 

range of Australian native timbers, including blackwood, albeit using a small number of 

samples per species. This was followed by the work of Harrison in South Africa (1974; 

1975b; 1975a) who investigated heartwood content, and the genetic and environmental 

effects on heartwood colour and colour variation in blackwood plantations across South 

Africa. A visual colour grading system was used to assess heartwood colour and colour 

variation. A range of tree attributes were measured including tree age and size,and 

correlations tested against heartwood colour. Results from this work concluded i) 

heartwood content was proportional to the stem diameter-under-bark, ii) heartwood 
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content differed significantly between regions within South Africa, with the highest 

heartwood contents produced on moist, well-drained, deep, organic soils, iii) there was 

little apparent genetic variation between regions based on leaf morphological 

characteristics, such that any regional differences in wood properties may be assigned to 

environmental differences, iv) there was significant variation in colour with height in 

the tree, v) there were no significant between-tree weighted-mean heartwood colour 

difference within regions, but there were significant differences between regions as well 

as significant differences between regions in within-tree colour uniformity, vi) sites with 

a high number of rain days during the growing season, and a definite dormancy-

producing season of cold, dry weather seem to be associated with darker, more uniform-

coloured wood, and vii) heartwood colour was not significantly correlated with either 

tree age or tree size.  

Blackwood heartwood colour research continued with Nicholas et al. (1994b) who 

analysed growth and wood properties from a small 10-year-old progeny trial in New 

Zealand. Both visual grading and colorimetry were used to assess heartwood colour. No 

significant difference in heartwood colour was detected between four seedlots, while 

significant differences were found in diameter growth rate, basic density, and green 

moisture content. Bradbury (2005) compared wood properties between two silvicultural 

treatments of Tasmanian native forest blackwood regrowth aged 14 to 22 years, with 

colorimetry used to measure heartwood colour. Significant differences in heartwood 

colour were found between treatments. Nicholas et al. (2007) compared wood properties 

across five sites in a silvicultural trial in New Zealand of 18 years of age, containing a 

single seedlot; including using colorimetry and visual grading to assess heartwood 

colour. Significant differences in colour were found between sites and between 
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silvicultural treatments. Lourenço et al. (2008) investigated the pulping properties of 

blackwood aged 28-to 43 years in Portugal, including the colour variation in heartwood 

and sapwood pulps. These studies demonstrated both environmental and genetic 

variation in heartwood colour in blackwood, but in relatively small trials.  

Other wood properties 

Non-colour wood properties of blackwood such as percentage heartwood, heartwood 

width, basic density, strength, hardness, shrinkage, and moisture content have been 

widely reported both for native forest, and Australian and overseas plantation material 

(Eckbo and Scott 1925; Greenhill and Dadswell 1940; Scott 1953; Kingston and Risdon 

1961; Bolza and Kloot 1963; Sekhar and Kukreti 1979; Haslett 1986). However most 

data have been based on a limited number of samples, often of unknown age and origin. 

Differences in sampling and measuring methodology between sources may have 

contributed to the observed variation in reported results. Therefore the genetic and 

environmental variation in these non-colour wood properties, their intercorrelations, 

within-tree variation and variation with tree age remain poorly understood. What is 

apparent is that there is considerable variation in at least some of these properties, which 

has potential impacts on product quality and consistency, genetic selection, breeding and 

utilisation.  

Significant environmental and genetic variation in some blackwood wood properties 

have been reported. Harrison (1974; 1975b) found that heartwood content was 

proportional to the stem diameter-under-bark and differed significantly between regions 

within South Africa, with the highest contents produced on moist, well-drained, deep, 

organic soils. Wilkins and Papassotiriou (1989) found significant differences in some 

wood anatomical features in native forest material of unknown age collected from 
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Queensland to Tasmania. However no significant difference in basic density was 

apparent between Queensland 521 (S.D.± 40) kg m
-3

 and Tasmanian 495 (S.D.±85) kg 

m
-3

 samples. Nicholas et al. (1994b) found significant differences in basic density and 

green moisture content between four seedlots. Bradbury (2005) found significant 

differences in wood properties between silvicultural treatments in native blackwood 

regrowth, while Searle and Owen (2005) found no significant difference in basic density 

or percentage heartwood between five blackwood provenances. Nicholas et al. (2007) 

found significant differences in wood properties between sites and silvicultural regimes.  

Apart from radial wood colour variation the current study does not address within-

tree variation in other wood properties. However within-tree studies are important for a) 

a general understanding of within-tree variation, b) an understanding of environmental 

and genetic variation and genetic control of within-tree variation, and c) for determining 

the best location for sampling mean tree values. A number of studies have examined 

within-tree variation in blackwood basic density  (Haslett 1986; Ananías 1989; Searle 

and Owen 2005; Igartúa and Monteoliva 2009; Igartúa et al. 2009), heartwood colour 

(Harrison 1975a), heartwood content (Harrison 1974; Harrison 1975b; Knapic et al. 

2006), and tension wood and cellular properties (Hillis et al. 2004) in blackwood. These 

studies have increased general understanding of within-tree variation in blackwood, but 

have not addressed objectives b) and c) above.  

Three studies have examined intercorrelations between blackwood wood properties. 

Nicholas et al. (1994b) found significant genetic correlations between heartwood colour 

and percentage heartwood (-ve), green density and moisture content (+ve); percentage 

heartwood and green density (+ve) and moisture content (+ve); and green density and 

basic density (+ve) and moisture content (+ve). No phenotypic or genetic correlations 
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were found between diameter and either heartwood colour or basic density. Bradbury 

(2005) found significant strong negative phenotypic correlations between heartwood 

colour lightness and basic and green densities. Nicholas et al. (2007) found percentage 

heartwood was not significantly phenotypically correlated with diameter, while basic 

density was significantly and positively correlated with diameter.  

These previous studies have indicated wide phenotypic and genetic variation in 

blackwood growth, form and wood properties. However, most studies have used a 

limited range of genetic material growing on very few sites. Until the current study little 

genetic research had been done into blackwood wood properties, including heartwood 

colour.  

Objectives of this study 

The objective of the current study was to utilize existing progeny trials in Tasmania to 

extend current knowledge of the environmental and genetic variation in survival, 

growth, form and wood properties in blackwood. A major focus of the study was to 

define the phenotypic, environmental and genetic variation in heartwood colour, and 

within- and between-tree heartwood colour variation.    

 


