
  1 

   

Acacia saligna as a Sustainable 
Agroforestry Crop for southern 

Australia: A Genetic Assessment 
 

 
 
 

Melissa Ann Millar, BSc. Hons 
 

This thesis is submitted for the degree of Doctor of Philosophy 
Faculty of Sciences 

The University of Adelaide, South Australia 
 

 
 

 
 

2008



Statement of Originality   II 

Statement of Originality 
 
This work contains no material that has been accepted for the award of any other degree 

or diploma in any other University or other tertiary institution.  This thesis does contain 

material that has been either published or submitted for publication in peer-reviewed 

scientific journals.  

 

I have acted as the principal author of the scientific publications that form the main 

body of the thesis.  To the best of my knowledge and belief this thesis contains no 

material previously published or written by another person, except where due reference 

has been made in the text.   

 

I give consent to a copy of this thesis when deposited in the University Library, being 

made available for loan and photocopying subject to the provisions of the Copyright Act 

1968. 

 

I acknowledge that copyright of published works contained within this thesis resides 

with the copyright holders of those works. 

 
 
 
Melissa A Millar      Date 
 
 



Abstract   III 

Abstract 
 
Acacia saligna is a native species complex with a widespread natural distribution 

throughout the south west of Western Australia.  It is being developed as an 

agroforestry crop to produce low value, bulk biomass products in the low rainfall 

agricultural areas of southern Australia.  This thesis develops knowledge to assist the 

domestication and breeding program of A. saligna as an agroforestry cultivar.  It also 

furthers development of a risk management plan for utilisation of the Acacia saligna 

species complex.   

 

Highly informative microsatellite markers for A. saligna were developed for use in 

mating system studies, paternity analysis and in the development of a diagnostic tool for 

the identification of individuals and populations at the subspecific level.  Microsatellites 

developed in other Acacia species were also screened for utility in A. saligna.  A high 

level of outcrossing (mean multilocus outcrossing rate of 0.98) and little true selfing 

was found for a planted stand of A. saligna subspecies saligna.  Paternity analysis 

indicated heterogeneity in pollen clouds experienced by maternal trees and an 

essentially random pattern of mating within the stand.  Inter-subspecific pollen 

immigration into the stand from trees of subspecies lindleyi was detected for 14% of 

progeny analysed and occurred over distances greater than 1500 m.  Extensive intra-

subspecific pollen-mediated gene flow is maintained between remnant natural 

populations of A. saligna subspecies lindleyi, and a high level of inter-subspecific 

pollen immigration from trees in the planted stand of A. saligna subspecies saligna was 

detected in remnant populations of subspecies lindleyi (32% of analysed progeny) 

occurring over distances greater than 1500 m.   

 

Polymorphic microsatellite markers used to investigate genetic structuring within A. 

saligna revealed a high level of genetic divergence between subspecific entities 

congruent with a taxonomic reclassification of the species complex.  Selected 

microsatellite markers also proved suitable for use as a rapid diagnostic tool that can be 

used to characterise populations into one of the proposed subspecies of A. saligna with 

high probability.   
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These results indicate that high levels of outcrossing and essentially random patterns of 

mating that maintain genetic diversity in seed crops should be achievable with the 

suitable management of seed production stands of A. saligna.  Appropriate management 

techniques that limit genetic contamination into seed production stands will need to be 

employed to achieve this goal.  Management techniques will also be required to 

minimise the risk of genetic contamination from stands planted for agroforestry 

purposes into remnant natural populations.  Isolation distances greater than 1500 m 

between genetically divergent agroforestry crops and natural populations are suggested 

in both cases and key areas of further research are suggested.   
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Account of Research Progress 
 

This research has investigated a number of key areas to assist the domestication and 

breeding program and further the development of a risk management plan for utilisation 

of the Acacia saligna species complex as an agroforestry cultivar.  The research is 

presented as a series of research papers written for submission to peer reviewed 

scientific journals.  The progress of the research is described in the order of the chapters 

and papers presented in this thesis.  

 

Chapter One 

Chapter One is a general introduction to the thesis that introduces the context, study 

species and impetus for this research.  The overall research aim is stated and the overall 

research objectives described. 

 

Chapter Two  

This chapter provides a background of the relevant literature underpinning this research.  

The need for the development of native woody perennial species as agroforestry crops is 

discussed in the context of increasing salinisation of the landscape and waterways of the 

agricultural areas of southern Australia.  Relevant current knowledge regarding Acacia 

saligna, the priority species selected for further development as an agroforestry cultivar, 

is presented and areas where further knowledge of the species complex is required are 

identified and discussed.  Suitable methodological approaches for investigating some of 

the key areas of research are introduced and the specific research objectives stated. 

 

Chapter Three  

This chapter presents a study of the mating system and patterns of intra-subspecific 

pollen-mediated gene flow within a planted stand of A. saligna subspecies saligna.  The 

production of an initial unenriched microsatellite library and the development of two 

polymorphic microsatellite markers for Acacia saligna, and the screening of known 

microsatellite markers developed in other Acacia species is presented.  Patterns of 

genetic contamination within the planted stand from inter-subspecific pollen 

immigration from natural remnant populations of subspecies lindleyi are assessed.  The 

study is conducted using maximum likelihood paternity analysis of genotypic data at the 

five microsatellite loci.   
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Chapter Four 

This chapter presents a study that investigates patterns of pollen-mediated gene flow.  It 

investigates both intra-subspecific pollen-mediated gene flow among natural remnants 

of A. saligna subspecies lindleyi and patterns of inter-subspecific gene flow into natural 

remnants of subspecies lindleyi via pollen dispersal from a planted stand of subspecies 

saligna.  The study is conducted using maximum likelihood paternity analysis of 

genotypic data obtained for the five microsatellite markers described in Chapter Three.   

 

Chapter Five 

This chapter details the production of a second microsatellite library using enrichment 

techniques, and the development of ten highly informative polymorphic microsatellite 

markers.  A method incorporating several enrichment procedures was used to construct 

the microsatellite library because of the poor efficiency of primer development in the 

unenriched microsatellite library described in Chapter Three.  The utility of the ten 

primers is described for two populations of A. saligna, one of subspecies saligna and 

one of subspecies lindleyi.  These markers were screened for suitability of developing a 

diagnostic tool for the accurate identification of subspecies of A. saligna.   

 

Chapter Six 

Presents the development of a rapid and accurate diagnostic tool via Bayesian 

assignment analysis using genotypic data obtained for five of the diagnostic 

microsatellite markers described in Chapter Five. Its utility in characterising a number 

of cryptic populations of A. saligna at the subspecies level is presented.  

 

Chapter Seven 

This chapter is a general discussion of the how this work achieved the overall research 

objectives outlined, the main findings of the research and the principal significance of 

each of the main outcomes.  A number of recommendations are made for the 

domestication and breeding program and for the sustainable management of A. saligna 

as an agroforestry cultivar.  Key areas requiring further research for the development of 

A. saligna are identified and suitable approaches for further research are suggested.   

 

 


	TITLE: Acacia saligna as a Sustainable Agroforestry Crop for southern Australia: A Genetic Assessment
	Statement of Originality
	Abstract
	Acknowledgements
	Table of Contents
	Thesis by Publication
	List of Figures
	List of Tables
	Account of Research Progress


